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Abstract
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]AIM: To investigate factors related to recurrence following en bloc resection using endoscopic submucosal dissection (ESD) in patients with early gastric cancer (EGC). 

METHODS: A total of 1121 patients (1215 lesions) who had undergone ESD for gastric neoplasia between April 2003 and May 2010 were retrospectively reviewed. Data from 401 patients (415 lesions) were analyzed, following the exclusion of those who underwent piecemeal resection, with deep resection margin invasion or lateral margin infiltration, and diagnosed with benign lesions. 

RESULTS: Local recurrence after en bloc ESD was found in 36 cases (8.7%). Unclear resection margins, long procedure times, and narrow safety margins were identified as risk factors for recurrence. Lesions located in the upper third of the stomach showed a higher rate of recurrence than those located in the lower third of the stomach (OR = 2.9, P = 0.03). The probability of no recurrence for up to 24 mo was 79.9% in those with a safety resection margin ≤ 1 mm and 89.5% in those with a margin > 1 mm (log-rank test, P = 0.03). 

CONCLUSION: Even in cases in which en bloc ESD is performed for EGC, local recurrence still occurs. To reduce local recurrences, more careful assessment will be needed prior to the implementation of ESD in cases in which the tumor is located in the upper third of the stomach. In addition, clear identification of tumor boundaries as well as the securing of sufficient safety resection margins will be important. 
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[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: _GoBack]Core tip: Unclear resection margins, long procedure times, and narrow safety margins were identified as risk factors for recurrence following en bloc endoscopic submucosal dissection (ESD) for early gastric cancer. Lesions located in the upper third of the stomach demonstrated more recurrences than those located in the lower third of the stomach. To reduce local recurrences, more careful assessment will be needed prior to the implementation of ESD in cases in which the tumor is located in the upper third of the stomach. In addition, clear identification of tumor boundaries as well as the securing of sufficient safety resection margins will be important.
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As regular national gastric cancer screening via endoscopy is being implemented in Korea with an increased interest in health, findings of early gastric cancer (EGC) and precancerous lesions are increasing rapidly[1,2]. In addition, due to advances in the development of endoscopy-related tools and equipment and improvements in the procedural skills of doctors, performing endoscopic treatment for EGC is getting easier[3].As a result, existing endoscopic mucosal resection (EMR) has led to significant progress in endoscopic submucosal dissection (ESD), in terms of resection techniques, and regardless of the size of the lesions, en bloc resection has become possible[4] .
  The classic EMR method is a simple procedure, but it has limitations in that the ratio of en bloc resection to complete resection decreases depending on the size of the lesion[5,6]. In the contrast, the ESD method is a relatively complex procedure with a high level of difficulty, but it has a higher rate of en bloc resection than the EMR method, with the capacity to perform accurate post-resection pathological assessment, and it has recently become widely available as a treatment for EGC[5-8], In endoscopic resection, accomplishing reconstruction of dissected tissues when the resection is performed in a piecemeal fashion and determining whether complete resection of the lesion has been achieved is difficult, and this results in higher rates of local recurrence. Therefore, en bloc resection is being suggested as the standard method of ESD as it increases the accuracy of pathological assessment of complete resection and lowers the rate of local recurrence[9]. Incomplete resection procedures have been identified as an independent factor that increases the risk of local recurrence[10], but although en bloc resection has been practiced, there have been very few studies on the risk factors associated with local recurrence after en bloc resection. To that end, the aim of the current study was to investigate factors related to local recurrence in patients with EGC who underwent en bloc resection via ESD. 

MATERIALS AND METHODS 
Study subjects 
The medical records of 1121 patients (1215 lesions) who had undergone ESD for the treatment of gastric neoplasia between April 2003 and May 2010 at Keimyung University Dongsan Hospital (Daegu, Korea) were retrospectively reviewed. Because we aimed to evaluate the risk factors for local recurrence after en bloc resection only and to analyze the risk factors depending on the safety resection margin, patients who underwent partial resection, with deep resection margin invasion or lateral margin infiltration, and diagnosed with benign lesions were excluded. Finally, data from 401 patients (415 lesions) were analyzed (Figure 1). Written informed consent was obtained from all patients. This study was approved by the Institutional Review Board of the Keimyung University Dongsan Medical Center, Korea (DSMC 2015-10-047). 

ESD methods
The ESD procedure was performed following a standard method. First the boundaries of the lesions were clarified using a solution of indigo carmine diluted to 10 times its volume, and the margins were marked with a 5 mm space from the boundaries of the lesions using an argon plasma laser connected to an ERBE VIO 300D electrosurgical unit (ERBE USA, Marietta, GA, United States). For submucosal injection, a solution was used consisting of hypertonic saline solution 100 mL, 1:1000 epinephrine 1 mL, and indigo carmine 1 mL. The incision knife was connected to the ERBE VIO 300D electrosurgical unit, a flex knife (Olympus, Tokyo, Japan) was used in mucosal incision, and the IT-2 knife (Olympus, Tokyo, Japan) was used for most submucosal dissection, but in some cases, a hook knife (Olympus, Tokyo, Japan) was used as well. Most procedures were carried out in Endocut I mode (Effect 2), and in some portions containing blood vessels, forced coagulation mode (Effect 1) was utilized.

Histopathological evaluation
For histopathological examination, resected specimens were sectioned perpendicularly at 2-mm intervals. The EGC location was classified into upper third, middle third, and lower third according to the location of the center point. The gross type of EGC was classified into type I (protruded type), type II (superficial type), and type III (excavated type) in accordance with the classification methods of the Japan Gastroenterological Endoscopy Society, and type II was subdivided again into type IIa (superficial elevated), type IIb (flat type), and type IIc (superficial depressed type)[11]. In cases in which various shapes were mixed in one lesion, it was recorded as the mixed type. Based on the histological findings, tissues of the lesion were classified into differentiated type adenocarcinoma (well or moderately differentiated adenocarcinoma) and undifferentiated type adenocarcinoma (poorly differentiated or signet ring cell adenocarcinoma). Tumor involvement in the lateral and deep margins, lymphatic and vascular involvement, and the presence of submucosal invasion was assessed. In cases of submucosal infiltration, invasion depth was measured and quantified. 

Evaluation of outcomes
The following clinical variables were investigated: patient age, sex, gross tumor type, en bloc resection rate, location, size, histology, procedure time, safety margin, local neoplasia recurrence rate, and local cancer recurrence rate.
En bloc resection was defined as a resection in a single piece, whereas piecemeal resection was conducted in multiple pieces. Complete resection was defined as complete reconstruction of the lesion with negative deep and lateral margins with no lymphovascular involvement. The sizes of lesions were categorized into less than 20 mm, 21–30 mm, 31–40 mm, and over 40 mm. When malignant cells were found from the resection site within 3 months after endoscopic removal of gastric carcinoma, the case was defined as incomplete resection, and when malignant cells or dysplastic cells (low grade, high grade) were found from the resection site during follow-up examinations after 3 months, the case was defined as local recurrence of neoplasia. When only malignant cells were found from the resection site, the case was defined as local cancer recurrence. In addition, when neoplasia (dysplasia or malignant) was found from a site other than the resection site during follow-up observation, the case was defined as metachronous recurrence. Procedure time was defined as the time from the start of marking to complete removal of the tumor. Safety margins were defined as the distance between the lesion and the edges of the cuts around the resected specimen.

Follow-up observation
Patients were followed up with endoscopic examinations and biopsy at 3, 6, 12, and 24 mo after ESD. To detect local recurrence or metachronous cancer, biopsy was performed at the treatment-related scar in the case of any suspicious abnormalities. The cumulative neoplasia recurrence-free rate was estimated.  

Statistical analysis
SPSS software version 18.0 for Windows (SPSS, Inc., Chicago, IL, United States) was used for statistical analysis. For comparison of continuous variables between two groups, the independent samples t-test was used, while for comparison of frequency variables, the chi-square test was used through cross analysis. Continuous variables were presented as means ± standard deviations, and count variables were presented in the forms of frequency and percentage. Multivariate analysis was performed using binary logistic regression methods. Cumulative recurrence rates and recurrence times were calculated by the Kaplan-Meier method, and they were compared with each other using a log-rank test. A P value less than 0.05 was considered statistically significant. The statistical methods of this study were reviewed by Lee YJ and Lee YS.

RESULTS
Characteristics of patients and lesions
The mean age of patients was 64.2 ± 9.8 years and 291 (70.1) patients were men. For the gross type of tumor, 146 (35.2%) cases were type IIa and this was the most frequent type. Regarding the location of lesions, 271 (65.0%) patients had lesions in the lower third of the stomach, representing the highest frequency, followed by 129 (30.9%) patients with lesions in the mid-third of the stomach, and 15 (3.6%) patients with lesions in the upper third of stomach. Regarding the size of tumors removed by ESD, tumors ≤ 20 mm were found in 110 (28.0%) cases, tumors 21–30 mm were found in 77 (18.8%) cases, tumors 31–40 mm were found in 122 (29.4%) cases, and tumors over 40 mm were found in 100 (24.1%) cases. Histologically, well differentiated adenocarcinoma and moderately differentiated adenocarcinoma were observed in 195 (47.0%) and 180 (43.4%) cases, respectively, constituting ≥ 90%. The mean follow-up period for these patients was 19.7 mo (Table 1).

Comparison of the recurrence group and the non-recurrence group
Local neoplasia recurrence was observed in 36 (8.7%) cases, but there was no significant difference in age at the time of diagnosis, sex, tumor size, location, or degree of differentiation when compared to the non-recurrence group (Table 2). However, there were many recurrences in cases in which tumors had ill-defined margins (33.3% vs 17.4%, P = 0.02), long procedure times (63.5 min vs 48.8 min, P = 0.02), and narrow safety resection margins (3.1 mm vs 4.2 mm, P = 0.03) (Table 2). The performance of multivariate analysis revealed that ill-defined tumor margin was the element factor that related to local neoplasia recurrence (P = 0.03) (Table 2).

Factors related to sufficient safety resection margins
When 1 mm was used as the reference value, 63 (15.2%) cases were found to have safety resection margins ≤ 1 mm. There was no difference in age at the time of diagnosis, sex, tumor size, location, or degree of differentiation between the two groups. Nevertheless, the group with safety resection margins ≤ 1 mm was found to have more lesions located in the upper third and mid-third of the stomach (P < 0.0001) and had longer operation times (P = 0.04) (Table 3). Multivariate analysis revealed that the patients with lesions located in the upper third of the stomach demonstrated more recurrences than those with lesions located in the lower third of the stomach (OR = 2.900, 95%CI: 1.110–7.579, P = 0.03) (Table 4). Designating 1 mm as the safety resection margin, there was no difference in recurrence of neoplasia, but there was more frequent recurrence of cancer (P = 0.006) (Table 5).

Follow-up observation and cumulative local recurrence rate
During the entire follow-up observation period, 6 cases (6/415, 1.4%) were observed of the recurrence of malignancy at the same site, and 26 cases (26/415, 6.3%) were observed of metachronous gastric carcinoma (Figure. 1). In addition, the probability of no recurrence for up to 24 months was 79.9% in those with safety resection margin ≤ 1 mm and 89.5% in those with margins that exceeded 1 mm, indicating that the local recurrence of neoplasia was observed more frequently in those with safety resection margins ≤ 1 mm, and the difference between the two groups was significant (P = 0.03) (Figure. 2).

DICUSSION
In cases of lesions larger than 20 mm, ESD offers far superior en bloc resection rates and very low local recurrence rates when compared with EMR[12]. In general, the results of ESD for lesions larger than 20 mm have demonstrated an en bloc resection rate of over 90% with little local recurrence, while EMR has demonstrated very low en bloc resection rates of about 60% in cases of lesions sized about 10 mm and 14%–40% for lesions sized about 20-30 mm, and the local recurrence rate is about 10%[13,14]. Regarding the en bloc resection rate, following the resection, determining complete resection with histological accuracy and thereby significantly reducing the occurrence of any situations that require unnecessary additional treatment, re-treatment, or surgical treatment due to local recurrence is possible. Due to these advantages, ESD is being used as a major treatment method for EGC.
The current study investigated the factors related to recurrence in patients with EGC who had undergone en bloc resection using ESD. Even in cases in which en bloc resection was performed, local recurrence of neoplasia was observed in 36 patients (8.7%). When a comparison was performed between the recurrence group and the non-recurrence group, the identified risk factors for recurrence included unclear resection margins, long procedure times, and narrow safety margins, whereas among the factors related to sufficient safety resection margins, it was found that the location of the tumor was an important factor. In particular, tumor location in the upper third of stomach was identified as having the greatest association with recurrence. 
The visual tumor boundaries and safety resection margins of tumors had been identified as the risk factors for local recurrence. The introduction of ESD has increased the rates of en bloc resection and complete resection, but incomplete resection, in which resection margins are found to be positive in the post-ESD pathological testing, remains problematic. This results in cases in which the degree of horizontal invasion at the lesion is not assessed accurately and there is a failure to secure sufficient safety resection margins prior to performing the procedure[15-17]. In the current study as well, the group with visually unclear tumor margins showed a higher rate of post-ESD recurrences (33.3% vs 17.4%, P = 0.03), and more incidences of recurrent tumors were found among those with safety resection margins ≤ 1 mm. Thus, good visual observation of the boundaries of lesions and the securing of sufficient safety resection margins before performing the procedures would be helpful in reducing local recurrence. However, since it is better to attempt minimal incision in order to minimize the procedure time and complications, as possible, accurate diagnosis is required before performing ESD. There have been reports suggesting that in cases in which the boundaries of the tumor are unclear, a preoperative biopsy on the ambient area of the lesion could be useful[18,19], and the horizontal degree of invasion of the tumor could be assessed via chromoendoscopy[20] or narrow-band imaging (NBI) magnifying endoscopy[21].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]The most important factor that has effects on local recurrence following the implementation of EMR or ESD is whether complete resection is performed. Ono et al[22] reported that the rate of local recurrence was 2% in cases of complete resection, while in contrast, recurrence was found in 18% of 85 patients either who had incomplete resection or in whom it was impossible to make assessments. Isomoto et al[23] also reported that while only 0.2% of patients who underwent complete resection had experienced local recurrence, 10.3% of patients who had incomplete resection had been found to have local recurrence, indicating that the complete resection group had a statistically significant lower rate of local recurrence in comparison to the incomplete resection group. Takenaka et al[6] presented a study on factors affecting local recurrence following ESD. They reported no cases of local recurrence among lesions that had been completely resected, but patients who underwent incomplete resection had local recurrences. Statistical analysis had confirmed that incomplete resection and local recurrence had a very high level of correlation. The authors analyzed the factors that cause incomplete resection and identified tumor size ≥ 30 mm, tumor location in the mid-third or upper third, and any ulcer or ulcerative scar on the lesion as the risk factors that can cause incomplete resection. Imagawa et al[24] also reported that tumor location (upper third, 74% vs mid-third, 77% vs lower third, 91%, P < 0.05) and tumor size (> 20 mm, 59% vs < 20 mm, 89%, P < 0.0001) were important elements of complete resection. In our study, it was confirmed that the more lesions were located in the upper third, the more frequent local recurrences were. However, according to the results of our study, tumor size was identified as having no significant correlation with recurrence, and it was considered that the procedures were implemented after securing sufficient safety resection margins considering the risk of recurrence as the tumor sizes increased. The underlying causes of more frequent local recurrences when lesions are located in the upper third of the stomach are, first, when the tumor is located nearer to the upper third, the endoscopic approach becomes difficult, resulting in difficult setting of accurate boundaries; second, this region has unclear boundaries of the mucosa in many cases; and third, this area has a larger distribution of blood vessels than any other site, which causes frequent bleeding during the procedure.[25] The use of side-view endoscopes or multi-bending endoscopes can offer easy access to these sites, which is very helpful in performing the procedures.[26]
A molecular pathological epidemiology approach, which analyzes tumor molecular pathology of resected tumors, can predict recurrence after ESD. Semba et al[27] reported that EGC demonstrating intestinal claudin-positive phenotype has a high risk of synchronous and metachronous gastric neoplasia. Hasuo et al[28] investigated the correlation between microsatellite instability (MSI) status and the incidence of metachronous recurrence after initial ESD. They demonstrated that patients with the MSI-type tumors showed a high incidence of metachronous recurrence within a 3-year observation period after initial ESD. These molecular approaches are expected to be of value for decisions regarding therapy and surveillance after ESD. 
The advantage of the current study is that it was conducted in patients who underwent en bloc resection only, and those patients with deep and lateral resection margin invasion were excluded, so that we could analyze the risk factors depending on the safety resection margins. However, the study also has limitations in that the follow-up periods were different, as it was a retrospective study, and there were differences in the number of biopsies during the follow-up endoscopy. 
In conclusion, even in cases in which en bloc resection using ESD is performed for EGC, local recurrence occurs. In terms of risk factors related to local recurrence, tumor location and the visual boundaries of the tumor are important. In order to reduce post-ESD local recurrences, more careful assessment will be needed prior to the implementation of ESD in cases in which the tumor is located in the upper third of the stomach. In addition, clear identification of tumor boundaries as well as the securing of sufficient safety resection margins will be important.

COMMENTS
Background
En bloc resection is suggested as the standard method of endoscopic submucosal dissection (ESD) as it increases the accuracy of pathological assessment of complete resection and lowers the ratio of local recurrence. However, although en bloc resection has been practiced, there are few studies regarding the risk factors associated with local recurrence after en bloc resection.

Research frontiers
We aimed to investigate factors related to recurrence in patients who had undergone en bloc resection using ESD for early gastric cancer (EGC). 

Innovations and breakthroughs
Unclear resection margins, long procedure times, and narrow safety margins were identified as risk factors for recurrence Lesions located in the upper third of the stomach demonstrated more recurrences than those located in the lower third of the stomach.

Applications
Even in cases in which en bloc resection for ESD is performed, local recurrence occurs. Regarding risk factors related to local recurrence, tumor location and the visual boundaries of the tumor are important. In order to reduce post-ESD local recurrences, more careful assessment will be needed prior to the implementation of ESD in cases in which the tumor is located in the upper third of the stomach. In addition, clear identification of tumor boundaries as well as the securing of sufficient safety resection margins will be important as well.

Terminology
EGC is defined as malignant tumor confined to the mucosa or the submucosa regardless of lymph node metastases. ESD is an endoscopic technique for the treatment of early gastrointestinal neoplasms allowing direct dissection of the submucosal layer of the lesion with en bloc resection.

Peer-review
This is a large retrospective study on risk factor for local recurrence  after ESD of early gastric cancer. The topic is important and interesting.
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Table 1 Clinicopathologic feature of the 415 lesions treated with endoscopic submucosal dissection
	　
	Number of lesions
n = 415 

	Age, yr (mean ± SD)
	64.2 ± 9.8

	Sex, n (%)
	

	   Male
	291 (70.1)

	   Female
	124 (29.9)

	Gross type of tumor, n (%)
	

	   Protruded (I)
	29 (7.0)

	   Superficial elevated (IIa)
	146 (35.2)

	   Flat (IIb)
	76 (18.3)

	   Superficial depressed (IIc)
	134 (32.3)

	   Excavated (III)
	2 (0.5)

	   Mixed
	28 (6.7)

	En bloc resection, n (%)
	415 (100)

	Piecemeal resection, n (%)
	0 (0)

	Tumor location, n (%)
	

	   Upper
	15 (3.6)

	   Mid
	129 (30.9)

	   Lower
	271 (65.0)

	Tumor size, n (%)
	

	   ≤ 20 mm
	116 (28.0)

	   21-30 mm
	77 (18.8)

	   31-40 mm
	122 (29.4)

	   > 40 mm
	100 (24.1)

	Histology, n (%)
	

	   Well differentiated 
	195 (47.0)

	   Moderate differentiated 
	180 (43.4)

	   Poorly differentiated 
	30 (7.2)

	   Signet ring cell
	10 (2.4)

	Follow-up period, mo (mean ± SD)
	19.7 ± 17.5







Table 2 Risk factor associated with neoplasia recurrence
	　
	Recurrence
n = 36
	No recurrence
n = 379
	Univariate
P value
	Multivariate
P value

	Age, yr (mean ± SD)
	66.7 ± 9.0
	64.0 ± 9.9
	0.11
	

	Male /Female
	25/11
	266/113
	0.93
	

	Tumor margin, n (%)
	
	
	0.02
	0.03

	   Well-defined
	24 (66.7)
	313 (82.6)
	
	

	   Ill-defined
	12 (33.3)
	66 (17.4)
	
	

	Tumor size, n (%)
	
	
	0.62
	

	   ≤ 20 mm
	9 (25.0)
	107 (28.2)
	
	

	   21-30 mm
	6 (16.7)
	71 (18.7)
	
	

	   31-40 mm
	14 (38.9)
	108 (28.5)
	
	

	   > 40 mm
	7 (19.4)
	93 (24.5)
	
	

	Tumor location, n (%)
	
	
	0.05
	

	   Upper
	3 (8.3)
	12 (3.2)
	
	

	   Mid
	14 (38.9)
	115 (30.3)
	
	

	   Lower
	19 (52.8)
	252 (66.5)
	
	

	Histology, n (%)
	
	
	0.70
	

	   Well differentiated 
	17 (47.2)
	178 (47.0)
	
	

	   Moderate differentiated 
	13 (36.1)
	167 (44.1)
	
	

	   Poorly differentiated 
	6 (16.7)
	24 (6.3)
	
	

	   Signet ring cell
	0 (0.0)
	10 (2.6)
	
	

	Procedure time, min (mean ± SD)
	63.5 ± 56.9
	48.8 ± 34.3
	0.02
	0.06

	Safety margin, mm (mean ± SD)
	3.1 ± 2.1
	4.2 ± 2.9
	0.03
	0.05





Table 3 Factors associated with sufficient safety margin after endoscopic submucosal dissection (Univariate)
	　
	Safety margin 
≤ 1mm
n = 63
	Safety margin 
> 1mm
n = 352
	P value

	Age, yr (mean ± SD)
	65.9 ± 11.1
	63.9 ± 9.5
	0.14

	Male/Female
	38/25
	253/99
	0.12

	Tumor margin, n (%)
	
	
	0.52 

	   Well-defined
	53 (84.1)
	284 (80.7)
	

	   Ill-defined
	10 (15.9)
	68 (19.3)
	

	Tumor size, n (%)
	
	
	0.55

	   ≤ 20 mm
	21 (33.3)
	95 (27.0)
	

	   21-30 mm
	12 (19.0)
	65 (18.5)
	

	   31-40 mm
	14 (22.2)
	108 (30.7)
	

	   > 40 mm
	16 (25.4)
	84 (23.9)
	

	Tumor location, n (%)
	
	
	< 0.0001

	   Upper
	7 (11.1)
	8 (2.3)
	

	   Mid
	31 (49.2)
	98 (27.8)
	

	   Lower
	25 (39.7)
	246 (69.9)
	

	Histology, n (%)
	
	
	0.85

	   Well differentiated 
	32 (50.8)
	163 (46.3)
	

	   Moderate differentiated 
	24 (38.1)
	156 (44.3)
	

	   Poorly differentiated 
	3 (4.8)
	27 (7.7)
	

	   Signet ring cell
	4 (6.3)
	6 (1.7)
	

	Procedure time, min (mean ± SD)
	58.9 ± 43.8
	48.5 ± 35.4
	0.04






Table 4 Factors associated with sufficient safety margin after endoscopic submucosal dissection (Multivariate)
	　
	Multivariate Analysis

	
	Odds Ratio (95%CI)
	P value

	Location
	　
	

	   Upper
	2.90 (1.11-7.58)
	0.03 

	   Mid
	1.10 (0.48-2.55)
	0.82 

	   Lower
	1 (ref)
	

	Ill-defined margin
	2.32 (1.00-4.96)
	0.03 






















Table 5 Neoplasia recurrence and cancer recurrence by safety margin 1 mm n (%)
	　
	Safety margin ≤ 1mm
n = 63
	Safety margin > 1mm
n = 352
	P value

	Neoplasia recurrence
	9 (14.3)
	27 (7.7)
	0.09

	Cancer recurrence
	4 (6.3)
	2 (0.6)
	0.006
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Figure 1 Flow chart of the patients. EGC: Early gastric cancer.
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Figure 2 Cumulative neoplasia recurrence free rate according to period after endoscopic submucosal dissection. The probability of no recurrence up to 24 mo was 79.9% in those with the safety resection margin ≤ 1 mm and 89.5% in those exceeded 1 mm.
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