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Abstract
BACKGROUND
Endoscopic submucosal dissection (ESD) has shown to be effective in management of colorectal neoplasm in the Asian countries, while its implementation in Western countries where endoscopic mucosal resection (EMR) is preferred is still debatable.

AIM
To compare the surgical, histological, and oncological outcomes between ESD and EMR in the treatment of colorectal polyps, with subgroup analysis comparing the efficacy of ESD and EMR between Japan and the rest of the world.

METHODS
Embase and Medline databases were searched from inception to October 2020 in accordance with PRISMA guidelines for studies comparing en bloc, complete resection, margin involvement, resection time, need for additional surgery, complications, and recurrence rate of ESD with EMR. 

RESULTS
Of 281344 colorectal polyps from 21 studies were included. When compared to EMR, the pooled analysis revealed ESD was associated with higher en bloc and complete resection rate, and lower lateral margin involvement and recurrence. ESD led to increased procedural time, need for additional surgery, and perforation risk. No significant difference in bleeding risk was found between the two groups. Meta-regression analysis suggested only right colonic polyps correlated with an increased perforation risk in ESD. Confounders including polyp size and invasion depth did not significantly influence the en bloc and complete resection rate, bleeding risk and recurrence. In subgroup analysis, Japan performed better than the rest of the world in both ESD and EMR with perforation risk of 4% and 0.0002%, respectively, as compared to perforation risk of 8% and 1%, respectively, in reports coming from rest of the world.

CONCLUSION
ESD resulted in better resection outcomes and lower recurrence compared to EMR. With appropriate training, ESD is preferred over EMR as the first-line therapy for resection of colorectal polyps, without restricting to lesions greater than 20 mm and those with high suspicion of submucosal invasion. 
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Core Tip: The present study is the most extensive meta-analysis evaluating the surgical, histological, and oncological outcomes of endoscopic submucosal dissection (ESD) in comparison to endoscopic mucosal resection (EMR) in the treatment of colorectal polyps. Our analysis also showed the increased proficiency in performing ESD and EMR in Japan as compared to the rest of the world.


INTRODUCTION
In recent years, the incidence of colorectal polyps has increased drastically with the widespread implementation of national colorectal cancer (CRC) screening programs. CRC screening with colonoscopy provides the opportunity to identify and remove any precursor lesions[1] and polypectomy has been shown to reduce the incidence and mortality of CRC[1-3]. Currently, 2 major forms of polypectomy are performed, namely endoscopic submucosal dissection (ESD) and endoscopic mucosal resection (EMR) with the latter procedure favored by western countries. 
ESD was first proposed in 1999 as an endoscopic resection technique for safe en bloc removal of superficial lesions in the upper gastrointestinal tract[4]. Although colorectal ESD is widely practiced in the Asian countries, the implementation of ESD in Western countries where endoscopic mucosal resection is preferred is still debatable. According to the 2015 European Society of Gastrointestinal Endoscopy (ESGE), ESD is strongly recommended when there is high suspicion of submucosal invasion as determined by morphologic factors and advanced surface pattern, especially in lesions greater than 20 mm[5]. Despite the technical difficulties faced, ESD is designed for en bloc resection of lesions in an attempt to achieve complete resection, reliable histopathological analysis, and reduced recurrence rate. 
Previous meta-analyses and systematic reviews comparing ESD with EMR mainly focused on data reported from Asian countries with limited data coming from outside of Japan, without controlling for confounders or lesions < 20 mm[6,7]. Since then, numerous studies comparing between ESD and EMR have been reported from the West and other countries[8-16]. We sought to perform an expanded meta-analysis to include lesions ≤ 20 mm, and incorporate regression analysis to control for confounders.

MATERIALS AND METHODS
Search strategy and inclusion criteria 
A search was conducted with reference to the PRISMA methodology on October 4, 2020 in Medline and Embase[17]. Keywords and Mesh terms were employed in the search strategy relating to the ‘Colorectal’, ‘ESD’ and ‘EMR’, the full list of terms included in the search can be found in the Supplementary Material 1. References were managed with Endnote X9. Two authors (XCL, KRYN) were involved in the sieving of the abstracts. Articles that compared between EMR and ESD for colorectal polyps were included in the search. Study designs included both retrospective and prospective cohorts, and case-controlled studies. Editorials, conferences abstracts, and commentaries were excluded in the review. 

Data extraction
Based on the pre-determined inclusion criterion, article selection was performed by two authors with consensus from an independent third author should discrepancies arise. Information pertaining to the demographics (country, sample size, age, gender, polyp location, polyp size, polyp macroscopic type and depth of cancer invasion) and outcomes were extracted. Outcomes were limited to en bloc resection, complete resection, lateral and vertical margin involvement, lymphovascular invasion, mean operation time, additional surgery required, perforation, bleeding, and recurrence. En bloc resection was defined as the resection of the lesion in a single specimen, and complete resection was defined as the resection of the lesion with no marginal involvement of neoplastic tissue, as assessed by the pathologist. Additional surgical operations performed were considered in cases with intra-operative complications as a result of ESD or EMR or those with technical difficulties. Bleeding was considered both intra-operative and post-operative, and perforation was considered when diagnosed endoscopically during resection or radiologically by the presence of free air. Recurrence was defined as the detection of local or secondary primary tumors on interval colonoscopy. When estimates of mean and standard deviation (SD) were not available for continuous data, well established formulae were used to estimate mean and SD from median and range[18]. 

Statistical analysis and quality assessment 
Three type of analysis were performed in this review. Firstly, a meta-analysis of proportions was used to pool results from the individual arms (ESD and EMR) using a freeman turkey double arsine transformation[19]. The freeman turkey double arsine transformation is recommended for single arm meta-analysis and necessary to stabilize the variance[20]. Next, comparative meta-analysis after a 0.5 continuity correction was to compare the difference in ESD and EMR, using risk ratios (RR) as the outcome of interest for dichotomous variables and weighted mean differences for continuous variables[21]. A 0.5 continuity correction was considered appropriate to incorporate 0 events into the meta-analysis. Regardless of heterogeneity measures (I2, tau, Cochran Q test), all analysis was performed in random effects with the Dersimonian and Laird model[22,23]. Region (Japan vs rest of the world) was defined with refences to the manuscript country of origin. Publication bias was assessed with harbord test and egger regression for dichotomous and continuous variables respectively when > 10 studies were available. A univariate meta regression was also conducted with in random effects using the restricted maximum likelihood model with Kapp variance estimator to adjust for confounders in the outcomes[24]. A subgroup analysis was considered to compare between the articles originating from Japan and outside of Japan and a sensitivity analysis was performed to only include studies that have polyps size of ≥ 20 mm. All articles were graded with the Newcastle Ottawa scale for cohort studies, grading articles on the domains of study group selection, study group comparability, and ascertainment of outcomes of interest[25]. The statistical methods of this study were reviewed by Cheng Han Ng (ORCID ID: 0000-0002-8297-1569) from Yong Loo Lin School of Medicine, National University of Singapore. 

RESULTS
Study selection
A systematic search of the literature using our search strategy yielded 1180 articles. After removal of duplicates, 895 were excluded based on study title and abstract, and 212 underwent full text review, of which 21 articles comparing ESD with EMR in resection of colorectal polyps were subsequently included in the meta-analysis (Figure 1)[8-16,26-37]. In total, 12 originated from Japan[26-37], five from European[10-13,16], three from South Korea[8,9,14] and one from China[15]. Of the 21 studies, there were 17 retrospective cohort studies, two prospective cohort studies and two retrospective case-control studies. In total, 281344 colorectal polyps were resected, of which 19573 underwent ESD while 261771 underwent EMR. Quality assessment of those included studies mostly scored 6-7. A summary of the study characteristics of the included articles can be found in the Supplementary Table 1. 

Overall results
The summary of the results is found in Table 1. The pooled analysis showed a higher rate of en bloc resection (RR = 1.837; 95%CI: 1.464 to 2.305; P < 0.001), and a lower frequency of positive lateral margin involvement (RR = 0.292; 95%CI: 0.089 to 0.995; P = 0.042) in the ESD group than the EMR group. Publication bias was significant for en bloc resection rate (P = 0.0025). No significant difference in the rates of positive vertical margin involvement was observed between ESD and EMR groups (RR = 4.368; 95%CI: 0.409 to 46.710; P = 0.223). However, the rate of complete resection was higher in the ESD compared to EMR groups (RR = 1.504; 95%CI: 1.041 to 2.174; P < 0.03). Significantly, the time taken for ESD was longer than EMR (RR = 72.709; 95%CI: 54.487 to 90.931; P < 0.001). ESD group required more additional surgical operations relative to that of EMR group (RR = 3.139; 95%CI: 1.360 to 7.243; P = 0.007). 
Compared to EMR, ESD shows a significant increased risk of perforation (RR = 7.597; 95%CI: 4.281 to 13.479; P < 0.001) (Figure 2), but no significant difference in the bleeding risk was observed between the two groups (RR = 1.277; 95%CI: 0.896 to 1.820; P = 0.175) (Figure 3). The rate of recurrence in the ESD group was lower than that of the EMR group (RR = 0.269; 95%CI: 0.112 to 0.648; P = 0.003) (Figure 4). 

Meta regression 
The influence of the included covariates on en bloc resection, complete resection, risk of perforation and bleeding, and rate of recurrence evaluated by meta-regression are summarized in Table 2. Meta-regression analysis for risk of perforation suggested that right colonic polyps (β = 7.731; 95%CI: 4.965 to 10.497; P < 0.001) correlated with an increased risk in perforation in ESD (Figure 5). Other factors including polyp size and depth of invasion, did not influence the en bloc resection rate, complete resection rate, the risk of bleeding, and recurrence rate. 

Sensitivity analysis for articles ≥ 20 mm
The results of the sensitivity analysis are summarized in Supplementary Table 2 and results were largely unchanged after a sensitivity analysis. When a sensitivity analysis was performed to include ≥ 20 mm colorectal polyps only, the pooled analysis revealed higher rate of en bloc resection (RR = 1.932; 95%CI: 1.389 to 2.688; P < 0.001), longer operation time (RR = 3.247; 95%CI: 59.249 to 87.245; P < 0.001), higher risk of perforation (RR = 4.513; 95%CI: 2.531 to 8.046; P < 0.001) and lower recurrence rate (RR = 0.191; 95%CI: 0.085 to 0.431; P < 0.001) in ESD compared to EMR groups. Furthermore, in the two studies included, more additional surgical operations were required (RR = 3.139; 95%CI: 1.360 to 7.243; P = 0.007) in the ESD than in the EMR groups. 

Subgroup analysis by region 
The results of the subgroup analysis comparing outcomes of ESD with EMR in Japan vs the rest of the world are presented in Table 3. 
ESD in Japan had an en bloc resection rate of 89% (95%CI: 0.77 to 0.97), perforation risk of 4% (95%CI: 0.01 to 0.07), bleeding risk of 2.4% (95%CI: 0.01 to 0.04) and recurrence rate of 1% (95%CI: 0.01 to 0.02) while its EMR had an en bloc resection rate of 53% (95%CI: 0.38 to 0.67), perforation risk of 0.0002% (95%CI: 0.00 to 0.00081), bleeding risk of 2.1% (95%CI: 0.01 to 0.03) and recurrence rate of 7% (95%CI: 0.02 to 0.15). Comparing between the two techniques in Japan, ESD had higher en bloc resection rate (RR = 1.658, 95%CI: 1.270 to 2.165, P < 0.001), perforation risk (RR = 9.586, 95%CI: 4.425 to 20.768, P < 0.001) and bleeding risk (RR = 1.267, 95%CI: 1.174 to 1.367, P < 0.001) than EMR. Following sensitivity analysis, similar results were obtained, except ESD had lower recurrence rate than EMR (RR = 0.204, 95%CI: 0.097 to 0.429, P < 0.001), and there was no difference in bleeding risk (RR = 0.895, 95%CI: 0.438 to 1.829, P = 0.762) between the two techniques. 
With regards to studies from the rest of the world, ESD had an en bloc resection rate of 90% (95%CI: 0.85 to 0.94), perforation risk of 8% (95%CI: 0.05 to 0.12), bleeding risk of 5% (95%CI: 0.02 to 0.11) and recurrence rate of 3% (95%CI: 0.00 to 0.08) while EMR had an en bloc resection rate of 41% (95%CI: 0.22 to 0.61), perforation risk of 1% (95%CI: 0.00 to 0.02), bleeding risk of 3% (95%CI: 0.01 to 0.06) and recurrence rate of 16% (95%CI: 0.04 to 0.32). Comparing between the two techniques, ESD had higher en bloc resection rate (RR = 2.201, 95%CI: 1.411 to 3.433, P = 0.001), perforation rate (RR = 4.602, 95%CI: 2.729 to 7.759, P < 0.001) and lower recurrence rate (RR = 0.245, 95%CI: 0.073 to 0.819, P = 0.022) than EMR. Following sensitivity analysis, similar results were obtained.

DISCUSSION
The advancements in endoscopic resection techniques have resulted in the shift from radical surgery to minimally invasive and organ-sparing endoscopic resection techniques, such as ESD and EMR, for the treatment of colorectal lesions. With reference to 2015 ESGE guidelines, ESD should be considered for colorectal lesions larger than 20 mm, with high suspicion of submucosal invasion, or those where en bloc resection by EMR are not feasible[5]. Previous meta-analyses comparing ESD and EMR for colorectal polyps primarily reported data from Asian countries, with 72.7% of the published studies from Japan[6]. Since then, several retrospective and prospective studies comparing ESD and EMR for the treatment of colorectal polyps have been published outside of Japan. The present study is the most extensive meta-analysis evaluating the surgical, histological, and oncological outcomes of ESD in comparison to EMR in the treatment of colorectal polyps. Nine out of 21 studies (42.9%) on colorectal polyps included in this meta-analysis were conducted in countries outside of Japan. While ESD has been known to provide significantly better resection outcomes and lower recurrence rate, our analysis found that polyp size and depth of invasion did not significantly influence the en bloc and complete resection rate, bleeding and perforation risk, and recurrence rate in colorectal polyps that was not previously reported. Additionally, previous reviews were confined only to sessile lesions larger than 20 mm[6,7]. Our analysis also showed the increased proficiency in performing ESD and EMR in Japan as compared to the rest of the world. 
Consistent with previous studies, ESD showed benefits in the technical, histological, and oncological outcomes. Pooled analysis showed higher rates of en bloc resection and complete resection in ESD than in EMR albeit significant publication bias (P = 0.0025). En bloc resection offers the technical advantage of removing the entire pathologic specimen, thus allowing for detailed histologic evaluation. This results in an increase in the complete resection rate which in turn reduces the recurrence rate. Therefore, en bloc resection with ESD is favored as it provides curative treatment without the need for surgery for lesions with significant likelihood of submucosal invasion[38]. However, the advantages of ESD come at the expense of longer procedural time, additional surgical operations, and increased perforation risk compared to EMR[6]. The high rate of additional surgical operations for ESD is presumed to be due to the aggressive selection of ESD for T1 Lesions. Although the perforation risk was higher with ESD, most perforations in the studies included were treated conservatively or endoscopically using endoclips[9,12,31,33,34,37].
Meta-regression was performed to assess the risk factors that affect surgical, histological, and oncological outcomes. Our present analysis showed that polyp size did not affect the risk of perforation, which was reported otherwise in studies by Kim et al[39] and Hong et al[40] Polyp size and depth of invasion were also not associated with significant change in en bloc and complete resection rate, risk of bleeding, and recurrence between ESD and EMR. Furthermore, the en bloc resection rate (before RR = 1.837, 95%CI: 1.464 to 2.305, P < 0.001; after RR = 1.932, 95%CI: 1.389 to 2.688, P < 0.001) and recurrence rate (before RR = 0.269, 95%CI: 0.112 to 0.648, P = 0.003; after RR = 0.191, 95%CI: 0.085 to 0.431; P < 0.001) appeared comparable before and after the sensitivity analysis to ≥ 20 mm polyps. Instead, the risk of perforation was increased in patients with right colonic polyps and this was consistent with previous study which identified the technical difficulty and proficient endoscopic skills required to remove polyps from right colon safely[41]. As such, training should ensure endoscopists achieve procedural proficiency in left sided lesions before proceeding to attempt right sided lesions. Other factors including polyp size and depth of invasion are less important criteria when deciding between EMR and ESD in skilled tertiary centers.
Despite the advantages of ESD, the data regarding the efficacy of colorectal ESD have been inconsistent and vary between Japan and the rest of the world. One of the reasons is the limitations to the implementation of ESD in other countries, which are in part due to the lack of expertise and training centers. To date, no meta-analysis comparing ESD and EMR between Japan and the rest of the world have been performed. Our single arm meta-analysis found that Japan performed better than the rest of the world in ESD and EMR. Significantly, perforation is a major concern in ESD. The perforation risk of ESD and EMR was 4% and 0.0002%, respectively in Japan, and 8% and 1%, respectively in the rest of the world. While there is an observed increase risk of perforation from Japan only studies (RR = 9.586) compared to the rest of the world (RR = 4.602), even after sensitivity analysis, the risk of perforation for ESD was only statistically higher in Japan only studies due to the very low risk of perforation in EMR in Japan. In addition, the challenges of doing ESD in difficult could have resulted in the higher perforation rate in ESD compared with EMR in Japan. Another important factor to consider is the recurrence rate of ESD and EMR which was 1% and 7%, respectively in Japan and 3% and 27%, respectively in the rest of the world following sensitivity analysis. The observed increase in recurrence rate from Japan only studies (RR = 0.204) compared to the rest of the world (RR = 0.179) was due to the much lower recurrence rate of EMR in Japan as compared to the rest of the world. Overall, our results seem to favor studies from Japan and are in tandem with a single arm analysis of ESD only procedures with subgroup on region efficacy[42]. However, most of the studies originating from the rest of the world should be interpreted with the understanding that these studies are mainly from tertiary centers and the results may not be generalized to non-tertiary centers. 
The potential of ESD resection is limited by the difficulty in conducting the procedure as the length of procedure for ESD even when performed by experienced endoscopists can be three times longer than that for EMR[43]. However, the advancement in endoscopic resection equipment has been shown to shorten the procedure time despite a relatively short training duration[44]. Using the cumulative sum method, Miyakawa et al[44] recently reported the use of Stag-Beetle Knife Jr for ESD in a Japan single-center study generated good learning curve to achieve satisfactory resection speed (min/cm2), which allowed the acquisition of proficient and safe skills within 120 cases[44]. Other alternatives to ESD do exist, such as hybrid ESD and pre-cut EMR. This hybrid approach has been shown to have lower en bloc resection rate (68.4% vs 91.0%) and complete resection rate (60.6% vs 82.9%) than conventional ESD[42]. Currently, underwater EMR has been thought to be a safe and effective method with higher rate of en bloc resection and lower rate of recurrence[45], but no head-to-head comparisons have been done between UMER and ESD.
The inclusion of 21 studies with a total of 281344 polyps based on our search strategy and inclusion criteria represents the most extensive meta-analysis on this issue. However, as no randomized controlled trials comparing the performance between EMR and ESD have yet been conducted, this highlights the need for a randomized study to better understand the efficacy and safety of these techniques in the management of colorectal polyps. The evaluation of heterogeneity allowed us to compare the significant differences in the performance of ESD and EMR between Japan and the rest of the world. 
Our meta-analysis has some limitations. While we aimed to decrease heterogeneity, the included articles used a variety of EMR techniques including standard EMR, piecemeal EMR, EMR with small incision, EMR-precutting and EMR-circumferential incision. This, however, was an acceptable confounding factor in previous meta-analysis analysis. Also, a major factor that we were unable to regress for was the procedural skills of each centers. ESD and EMR are largely operator dependent and we were only able to account for it in a subgroup analysis comparing between studies conducted in Japan and the rest of the world. 

CONCLUSION
Evidence from this meta-analysis suggests that with appropriate training, ESD is preferred over EMR as the first-line therapy for resection of colorectal polyps, without restricting to lesions greater than 20 mm and those with high suspicion of submucosal invasion. Our overall findings are consistent with previous meta-analyses showing ESD is associated with higher rate of en bloc and complete resection, and lower recurrence compared to EMR, but at the cost of increased procedural time, need for additional surgical operations and perforation risk. This is coupled with the new finding that confounders including polyp size and invasion depth did not influence the rates of en bloc and complete resection, bleeding risk, and recurrence. 

ARTICLE HIGHLIGHTS
Research background
Endoscopic submucosal dissection (ESD) has shown to be effective in management of colorectal neoplasm in the Asian countries, while its implementation in Western countries where endoscopic mucosal resection (EMR) is preferred is still debatable.

Research motivation
Previous meta-analyses and systematic reviews comparing ESD with EMR included studies mainly conducted in Asia, with limited data coming from outside of Japan and did not control for confounders or lesions smaller than 20 mm. 

Research objectives
To compare the outcomes of ESD and EMR in the treatment of colorectal polyps, with subgroup analysis comparing the efficacy of these two techniques between Japan and the rest of the world. 

Research methods
Embase and Medline databases were searched in accordance with PRISMA guidelines for studies comparing en bloc, complete resection, margin involvement, resection time, need for additional surgery, complications, and recurrence rate of ESD with EMR in patients with colorectal lesions. 

Research results
ESD was associated with better resection outcomes and lower recurrence rate when compared to EMR. Meta-regression analysis suggested only right colonic polyps correlated with an increased perforation risk in ESD, while confounders including polyp size and invasion depth did not significantly influence the resection outcomes, bleeding risk and recurrence. Subgroup analysis showed that Japan performed better than the rest of the world in both ESD and EMR with lower perforation risk. 

Research conclusions
This meta-analysis suggests that with appropriate training, ESD is preferred over EMR as the first-line therapy for resection of colorectal polyps, without restricting to lesions greater than 20 mm and those with high suspicion of submucosal invasion. Increased proficiency in performing ESD and EMR was shown in Japan as compared with the rest of the world. 

Research perspectives
This highlights the need to establish adequate training programs for colorectal ESD to be performed effectively. A randomized controlled trial is necessary to better understand the efficacy and safety of these techniques in the management of colorectal polyps.
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Figure Legends
[image: ]
Figure 1 PRISMA flow diagram of included articles. ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.
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Figure 2 Forest plot for risk of perforation. RR: Relative risk; CI: Confidence interval.
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Figure 3 Forest plot for risk of bleeding. RR: Relative risk; CI: Confidence interval.
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Figure 4 Forest plot for recurrence rate. RR: Relative risk; CI: Confidence interval.
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Figure 5 Meta regression of perforation and proportion of right colon polyps. CI: Confidence interval.


Table 1 Pooled proportions and comparative meta-analysis of endoscopic submucosal dissection and endoscopic mucosal resection
	
	Total papers
	Sample size (ESD) 
	Pooled proportions
	Sample size (EMR)
	Pooled proportions
	RR (CI)
	P value
	Publication bias 

	En bloc resection
	11
	1641
	89% (0.83-0.94)
	1411
	47% (0.36-0.59)
	1.837 (1.464-2.305)
	< 0.001
	0.0025

	Positive lateral margin 
	2
	123
	3% (0.01-0.06)
	187
	14% (0.09-0.19)
	0.292 (0.089-0.995)
	0.042
	-

	Positive vertical margin 
	1
	38
	5% (0.00-0.17)
	83
	1% (0.00-0.07)
	4.368 (0.409-46.710)
	0.223
	-

	Complete resection
	8
	918
	82% (0.74-0.88)
	1012
	56% (0.34-0.77)
	1.504 (1.041-2.174)
	0.03
	-

	Lymphovsacular 
invasion
	1
	54
	6% (0.03-0.13)
	23
	0% (0.00-0.04)
	4.352 (0.248-76.483)
	0.315
	-

	Mean procedural time 
	8
	1087
	-
	838
	-
	72.709 (54.487-90.931)
	< 0.001
	-

	Additional surgery
	2
	99
	13% (0.07-0.21)
	153
	5% (0.02-0.09)
	3.139 (1.360-7.243)
	0.007
	-

	Perforation 
	18
	19470
	5% (0.03-0.09)
	260901
	0% (0.00-0.01)
	7.597 (4.281-13.479)
	< 0.001
	0.301

	Bleeding 
	14
	20048
	3% (0.02-0.05)
	257065
	3% (0.02-0.04)
	1.277 (0.896-1.820)
	0.175
	0.139

	Recurrences
	12
	1822
	2% (0.01-0.03)
	37721
	10% (0.04-0.17)
	0.269 (0.112-0.648)
	0.003
	0.725


ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; CI: Confidence interval.


Table 2 Meta-regression
	
	En bloc resection
	Complete resection
	Perforation
	Bleeding
	Recurrence

	
	n 
	Beta (CI)
	P value
	n 
	Beta (CI)
	P value
	n
	Beta (CI)
	P value
	n
	Beta (CI)
	P value
	n
	Beta (CI)
	P value

	Age
	8
	-0.017 (-0.168-0.133)
	0.785
	5
	-0.010 (-0.426-0.406)
	0.944
	9
	0.073 (-0.191-0.336)
	0.535
	8
	-0.201 (-0.540-0.138)
	0.197
	8
	0.254 (-0.039-0.547)
	0.078

	Gender
	6
	-6.023 (-23.152-11.106)
	0.384
	4
	-20.662 (-108.758-67.434)
	0.419
	8
	-7.868 (-22.078–6.342)
	0.224
	7
	-4.446 (-27.915-19.022)
	0.647
	6
	-9.096 (-62.174-43.982)
	0.659

	Polyp size 
	10
	0.242 (-0.037-0.086)
	0.390
	6
	-0.034 (-0.098-0.030)
	0.217
	10
	-0.034 (-0.117-0.049)
	0.378
	9
	-0.041 (-0.177-0.095)
	0.498
	8
	0.077 (-0.118-0.272)
	0.369

	Lateral spreading tumor
	10
	1.262 (-1.072-3.596)
	0.248
	7
	-0.481 (-4.655-3.693)
	0.779
	11
	-2.324 (-5.536-0.888)
	0.136
	9
	-0.680 (-5.586-4.226)
	0.753
	9
	3.827 (-2.323-9.977)
	0.185

	Right colon 
	8
	1.247 (-2.024-4.517)
	0.387
	5
	2.373 (-0.881-5.626)
	0.103
	8
	7.731 (4.965-10.497)
	< 0.001
	7
	1.688 (-12.442-15.817)
	0.771
	6
	-8.739 (-26.616-9.139)
	0.246

	Colon
	7
	-1.803 (-4.486-0.880)
	0.145
	4
	-1.914 (-7.213-3.385)
	0.26
	8
	0.759 (-3.184-4.701)
	0.654
	6
	6.649 (-5.182-18.480)
	0.194
	7
	-1.102 (-4.754-2.551)
	0.473

	Rectum 
	7
	1.803 (-0.880-4.486)
	0.145
	4
	1.914 (-3.385-7.213)
	0.26
	8
	-0.759 (-4.701-3.184)
	0.654
	6
	-6.649 (-18.480-5.182)
	0.194
	7
	1.102 (-2.551-4.754)
	0.473

	Submucosal invasion
	8
	-0.004 (-0.014-0.007)
	0.431
	5
	-0.006 (-0.020-0.008)
	0.253
	9
	0.001 (-0.049-0.051)
	0.956
	8
	-0.016 (-0.033-0.001)
	0.061
	7
	-6.508 (-27.976-14.960)
	0.471

	Muscularis propria invasion 
	8
	-5.870 (-17.738-5.998)
	0.272
	5
	-0.157 (-21.715-21.401)
	0.983
	9
	6.731 (-33.772-47.234)
	0.706
	8
	-109.836 (-1040.943-821.272)
	0.783
	-
	-
	-


CI: Confidence interval.


Table 3 Subgroup analysis (Japan and rest of the world) of pooled proportions and comparative meta-analysis of endoscopic submucosal dissection and endoscopic mucosal resection
	
	Japan papers
	Pooled proportions (ESD)
	Pooled proportions (EMR)
	RR (CI)
	P value
	Rest of the world papers
	Pooled proportions (ESD)
	Pooled proportions (EMR)
	RR (CI)
	P value

	Overall results
	
	
	
	
	

	En bloc resection
	6
	89% (0.77-0.97)
	53% (0.38-0.67) 
	1.658 (1.270-2.165)
	< 0.001
	5
	90% (0.85-0.94)
	41% (0.22-0.61)
	2.201 (1.411-3.433)
	0.001

	Positive lateral margin 
	2
	3% (0.00-0.06)
	14% (0.09-0.19)
	0.292 (0.089-0.955)
	0.042
	-
	-
	-
	-
	-

	Positive vertical margin 
	1
	5% (0.01-0.17)
	1% (0.00-0.05) 
	4.368 (0.409-46.710)
	0.223
	-
	-
	-
	-
	-

	Complete resection
	2
	79% (0.73-0.84) 
	53% (0.48-0.58) 
	1.452 (1.303-1.618)
	< 0.001
	6
	85% (0.78-0.91)
	59% (0.27-0.88)
	1.562 (0.921-2.650)
	0.098

	Lymphovsacular 
invasion
	1
	6% (0.03-0.13)
	0% (0.00-0.04)
	4.352 (0.248-76.483)
	0.315
	-
	-
	-
	-
	-

	Mean procedural time 
	4
	-
	-
	72.106 (48.831-95.382)
	< 0.001
	4
	-
	-
	73.916 (36.075-111.757)
	< 0.001

	Additional surgery
	2
	13% (0.07-0.21) 
	5% (0.02-0.09)
	3.139 (1.360-7.243)
	0.007
	-
	-
	-
	-
	-

	Perforation 
	11
	4% (0.01-0.07)
	0.0002% (0.00-0.00081)
	9.586 (4.425-20.768)
	< 0.001
	7
	8% (0.05-0.12)
	1% (0.00-0.02) 
	4.602 (2.729-7.759)
	< 0.001

	Bleeding 
	8
	2.4% (0.01-0.04)
	2.1% (0.01-0.03)
	1.267 (1.174-1.367)
	< 0.001
	6
	5% (0.02- 0.11) 
	3% (0.01-0.06) 
	1.986 (0.716-5.508)
	0.188

	Recurrences
	7
	1% (0.01-0.02)
	7% (0.02-0.15)
	0.274 (0.071-1.054)
	0.06
	5
	3% (0.00-0.08) 
	16% (0.04-0.32) 
	0.245 (0.073-0.819)
	0.022

	Sensitivity analysis (≥ 20 mm only)
	
	
	
	
	

	En bloc resection 
	4
	82% (0.72-0.91)
	50% (0.33-0.67) 
	1.645 (1.174-2.306)
	0.004
	2
	91% (0.88-0.93) 
	33% (0.28-0.37) 
	2.668 (1.752-4.063)
	< 0.001

	Positive lateral margin 
	2
	3% (0.00-0.06)
	14% (0.09-0.19)
	0.292 (0.089-0.955)
	0.042
	-
	-
	-
	-
	-

	Positive vertical margin 
	1
	5% (0.01-0.17)
	1% (0.00-0.07) 
	4.368 (0.409-46.710)
	0.223
	-
	-
	-
	-
	-

	Complete resection
	2
	79% (0.73-0.84)
	53% (0.48-0.58) 
	1.452 (1.303-1.618)
	< 0.001
	2
	90% (0.87-0.93)
	77% (0.73-0.82) 
	1.613 (0.209-12.452)
	0.647

	Lymphovsacular 
invasion
	2
	6% (0.03-0.13)
	0% (0.00-0.04)
	4.352 (0.248-76.483)
	0.315
	-
	-
	-
	-
	-

	Mean procedural time 
	2
	-
	-
	69.167 (48.446-89.888)
	< 0.001
	1
	-
	-
	82.700 (67.578-97.822)
	< 0.001

	Additional surgery
	2
	13% (0.07-0.21)
	5% (0.02-0.09)
	3.139 (1.360-7.243)
	0.007
	-
	-
	-
	-
	-

	Perforation 
	5
	4% (0.01-0.07)
	0% (0.00-0.01)
	5.235 (2.123-12.910)
	< 0.001
	3
	7% (0.05-0.10)
	1% (0.00-0.03)
	4.546 (1.674-12.346)
	0.003

	Bleeding 
	4
	3% (0.00-0.07)
	3% (0.01-0.05)
	0.895 (0.438-1.829)
	0.762
	3
	3% (0.00-0.08) 
	1% (0.00-0.04)
	2.233 (0.489-10.197)
	0.300

	Recurrences
	5
	1% (0.00-0.02)
	7% (0.02-0.15)
	0.204 (0.097-0.429)
	< 0.001
	3
	3% (0.00-0.10) 
	27% (0.10-0.20)
	0.179 (0.032-0.990)
	0.049


ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; RR: Relative risk; CI: Confidence interval.
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