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Abstract
Over the last few years, endoscopic submucosal dissection (ESD) has shown to be effective in the management of early colorectal neoplasms, particularly in Asian countries where the technique was born. In the Western world, its implementation has been slow and laborious. In this paper, the indications for ESD, its learning model, the available methods to predict the presence of deep submucosal invasion before the procedure and the published outcomes from Asia and Europe will be reviewed. Since ESD has several limitations in terms of learning achievement in the West, and completion of the procedure for the first cases is difficult in our part of the world, a short review on colorectal assisted ESD has been included. Finally, other endoscopic and surgical treatment modalities that are in competition with colorectal ESD will be summarized.
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Core tip: In the Western world, endoscopic submucosal dissection (ESD) implementation is slow and laborious. In this paper, the indications for ESD, its learning model, the available methods to predict the presence of deep submucosal invasion before the procedure and the published outcomes from Asia and Europe will be reviewed. Additionally, a short review on colorectal assisted ESD has been included. Finally, other endoscopic and surgical treatment modalities that are in competition with colorectal ESDwill be summarized.
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INTRODUCTION
Current colorectal cancer (CRC) screening population-based programs[1,2] will increase the detection of early neoplastic lesions suitable for endoscopic resection[3]. Although endoscopic mucosal resection (EMR) is appropriate to resect large flat or sessile colorectal lesions[4-8], recurrence after piecemeal resection is still a limitation[9,10]. In recent years, endoscopic submucosal dissection (ESD) has been endorsed as an ideal technique for en bloc resection of large colorectal neoplasms with high risk of focal adenocarcinoma or submucosal fibrosis[11]. Nevertheless, the optimal outcomes of colorectal ESD (CR-ESD) achieved in Japanese series[12,13] are constrained by the long learning curve and high complication rate when trying to introduce it in Western countries[14-16]. Thus, there is some controversy regarding the best approach to the management of large early neoplastic lesions in the colon[17]. Some authors advocate for the refinement of piecemeal EMR or a hybrid method of combined submucosal incision and EMR as a more realistic option for Western endoscopists[7,10,18], whereas others support progressive embracement of CR-ESD through a well-defined training strategy[19-21]. Different topics related to CR-ESD, including training, indications, outcomes, adjunctive devices to simplify the procedure and results when ESD is compared to alternative techniques, will be reviewed.

TRAINING: JAPANESE VS WESTERN MODEL
ESD is a complex procedure and the mastery of technical skills by new trainees has been based on a traditional mentor-pupil close teaching relationship in Japan since the introduction of the technique[22,23]. However, recent expansion of ESD in Western countries has been led by a small group of experienced endoscopists that have usually performed a self-learning process based on observation and animal model training[24-27]. Obvious reasons for this different approach are the lack of ESD experts in Western countries, the low detection rate of early gastric cancer and an ideal setting for beginners. 

Japanese training model for ESD
In Japan, the traditional model of teaching ESD has consisted of senior experts in large referral centers directly supervising new trainees in a step-by-step scheme[28-30]. Firstly, there is a selection of potential candidates based on prior achievement of good skills on endoscopic diagnosis of early gastrointestinal cancer and therapeutic maneuvers[28]. Secondly, the apprentice has to observe a certain number of ESD procedures performed by the mentor, occasionally participating as an assistant to become familiar with the special devices used. If possible, the trainee should complete this initial training period with some hands-on exposure to animal models[31]. The trainee is then invited to perform some partial phase of the ESD (marking, initial circumferential cutting, final dissection, preventive coagulation…) under close supervision by the mentor[32]. The ideal setting that has been suggested to begin with is performing ESD in selected lesions at an easily accessible gastric location[30]. When considered ready, the trainee is finally encouraged to perform a complete gastric ESD. Increasing number of cases completed eventually grant enough skills to move on to more difficult locations in the stomach. Several Japanese authors have suggested a number ranging from 20 to 80 cases to be considered proficient in gastric ESD[29,30,32]. Afterwards, the trainee may continue with other areas of the GI tract: esophagus, rectum and colon. Difficult colonic cases are generally restricted to experts with outstanding skills and extensive experience[33].

CR-ESD training in Japan
CR-ESD represents the last step in the natural evolution of ESD training. Colonic lesions are commonly located in difficult areas, where positioning of the endoscope may be extremely challenging, and there is general agreement that prior experience with gastric ESD is needed[34,35]. Several studies have investigated the appropriate number of CR-ESD to achieve proficiency. Some authors have proposed a minimum number of 20-30 cases under close supervision to achieve a certain level of competence[36], and it is advisable to begin with rectal and smaller lesions[37]. Nevertheless, the numbers needed to secure a high profile of successful R0 resection with few complications are closer to 80-100, according to some reports[38]. 

Western training model for ESD
Small groups of endoscopists with particular interest in the technique have commonly promoted initiation of ESD in Western countries. The typical profile is that of an experienced attending gastroenterologist with extensive background in interventional endoscopy (EUS, ERCP, EMR…)[39]. Preliminaries could be either self-study based on articles and videos of procedures, attending ESD courses with hands-on training in animal models, etc. It is of particular interest to complete a visit to Japanese centers, where the trainee can benefit from first-hand experience observing experts performing ESD cases[25,26]. This is a good opportunity to learn the basics of chromoendoscopy and magnification for lesion assessment, different knives and ancillary devices used, steps of the ESD procedure including management of early and late complications, as well as specimen fixation and pathological assessment[27]. Additional extensive hands-on training using animal models is essential for the next steps in skills acquirement, up to the point when main outcomes are good enough to encourage completion of the first human ESD cases[19,24,25]. The fulfillment of the first human ESD cases should be based on a careful selection with preference for small gastric or rectal lesions. All these steps have been recommended in a European Society of Gastrointestinal Endoscopy (ESGE) position statement[40], and a training algorithm comprising most of them has been recently proposed[19].
Unfortunately, in many centers this training pathway must be self-teaching and is limited by the unfeasibility to obtain access to animal laboratory resources. Frustration from technical struggle or frequent complications may lead the process to a premature dead end. In addition, the bulk of potential candidates for ESD according to current recommendations are colorectal lesions[11,39], which makes it ever more arduous and disheartening. There are some approaches to overcome these limitations: proposing a Japanese expert to come to your institution for direct supervision during the first ESD cases[24,27,41] or attending hands-on courses in animal models in Japan to practice ESD under expert supervision have been suggested[42].

Colorectal ESD training in Western countries
There are several studies in Europe focused on CR-ESD training. Initial reports showed suboptimal en bloc and R0 resection rates at the beginning[15,43], but rapid progression was observed within a relatively a short time[14,20,21,41]. The majority of endoscopists begin with selected small rectal lesions, to later move on to other colonic locations. 
Some authors have proposed that a minimal intensive training may be sufficient for expert Western endoscopists to complete a sequential learning curve in rectal and colonic ESD, with a minimum of 20 untutored cases each after a short initial animal hands-on period (< 10 cases)[41]. Nevertheless, such an approach should be carefully considered since reports from high volume Japanese centers recommend a minimum of 80 cases to obtain adequate skills, both in terms of speed (< 15 min/cm2), perforation (< 6%), en bloc (> 95%) and R0 (> 90%) resection rates[38]. These numbers must be considered in light of the well-established scenario of close expert supervision in Japanese centers, which is frequently not the case in Europe[16]. Some experts have recommended for inexperienced Western endoscopists to complete at least 40 cases before attempting large or fibrotic CR lesions[44], two characteristics commonly present in the eligible population for CR-ESD[11].
In summary, it has been shown that the ESD training process in Europe in a prevalence-based approach will be undoubtedly shaped by a significant number of colonic and rectal cases[39]. Untutored ESD training can achieve good outcomes in CR-ESD, but it is encouraged that initial cases are early neoplastic lesions with a low risk of invasion due to the fact that R1 resection is common in inexperienced endoscopists[39]. Western reports have generally considered a resection rate > 80% acceptable; however, if Western endoscopists wish to pursue excellence in ESD, target outcome standards should probably not be less than those established in Japan, i.e., en bloc and R0 resection rate > 90%.

HISTOLOGICAL PREDICTION AND INDICATIONS IN THE WEST
Intramucosal lesions and those well or moderately differentiated T1 adenocarcinomas with submucosal invasion less than 1000 µm and no lymphovascular infiltration, have little or no risk of metastasis[45] and therefore constitute a typical indication for endoscopic treatment and especially for ESD. In a retrospective series of patients treated at the National Cancer Center Hospital (NCCH) in Tokyo, it was noted that the mucosal morphological pattern accurately predicted the risk of submucosal invasion. In this study, the laterally spreading tumor non granular (LST-NG) type lesions showed a higher risk of submucosal invasion compared with granular (LST-G) type lesions with a statistically significant difference (14% vs 7%; P < 0.01)[46]. On the other hand, the presence of large nodules in LST-G type lesions, the finding of an invasive pit-pattern, “sclerotic” changes in the colorectal wall and a larger size in LST-NG type neoplasms, were also predictors of submucosal invasion. In this series, whereas submucosal invasion in LST-G most often occurs beneath the largest nodules and less frequently under depressed areas, 28% of LST-NG showed multifocal submucosal invasion in areas where there was no endoscopic warning signs. These findings were recognized as evidence of a different biological behaviour and drew attention to the need for an en bloc resection of these neoplasms.
The development of magnification chromoendoscopy (MCE) allowed Japanese endoscopists to describe different pit-patterns[47] as well as microvascular structures[48] in early CRC, increasing the accuracy of the histopathological prediction and improving the therapeutic decision-making process. When performed by Japanese expert endoscopists, MCE achieved a diagnostic accuracy of 98.8% in differentiating intramucosal or submucosal sm1 superficial invasion from sm2-sm3 deep submucosal invasion[49]. In another seminal study, the identification of a type IIIA microvascular pattern by Narrow Band Imaging was predictive of intramucosal or sm1 neoplasia in 94.5% of cases, while a type IIIB pattern was associated with sm2-3 carcinomas in 72% of cases[50].
We have fewer data from European or American centers, but a major Australian series of colorectal tumors treated by EMR[7] found that LST-NG type with a Paris 0-IIa + IIc morphology and a Kudo crypt pattern V had a risk of submucosal invasion of 55.5%. On the other hand, LST-G homogeneous type tumors presented submucosal invasion in only 1.5% of cases. These figures reflect that superficial colorectal neoplasms behave similarly to those described in Japanese series and therefore morphological pattern and epithelial crypt analysis can be used for histological prediction and treatment decision-making in Western patients. 
Many studies confirm the accuracy of Western endoscopists in differentiating between neoplastic and non-neoplastic polyps, but few reports have focused specifically on their ability to predict the presence of deep submucosal invasion prior to an endoscopic resection attempt. A study from the United Kingdom[51] showed that Western endoscopists achieved a diagnostic accuracy of 78% in predicting deep submucosal invasion in Paris 0-II lesions by analyzing epithelial crypts and vascular patterns with MCE. In this study, high frequency miniprobe ultrasound examination improved the accuracy up to 94%. 
Nevertheless, the limited data available from surgical series, including lesions deemed as endoscopically non-resectable, have demonstrated that between 10% and 20% of the specimens showed deep colonic wall invasion (stages T2-T4) or lymph node metastases that had not been suspected in the endoscopic assessment[52-55], indicating a lower than expected accuracy in real life conditions.
The role of endoscopic ultrasonography (EUS) in the diagnosis of submucosal invasion or nodal involvement has been controversial. In one small study from Western Europe, endoscopic ultrasound with a 20 MHz probe was better than MCE in determining the depth of invasion and nodal staging[56], but these results have not been consistently observed in other series of patients. In a study including more than 430 neoplasms treated in a single center in Japan, no significant differences were noted in the diagnostic accuracy between MCE and EUS[57].
In general terms, ESD is indicated for the treatment of colorectal neoplasms that show no suspicion of deep submucosal invasion assessed by MCE and that cannot be resected en bloc by EMR. Given the technical characteristics of ESD, the size of the lesion is not a limitation, although circumferential lesions are generally considered a contraindication given the high risk of stenosis. 
In the absence of local evidence, most Western endoscopists performing ESD have traditionally followed Japanese guidelines. Table 1 shows ESD indications of the Japan Gastroenterological Endoscopy Society[11]. In Europe, the Spanish Society of Digestive Endoscopy[58] and the European Association of Endoscopic Surgery[59] have adopted most of the Japanese indications for ESD as a standard treatment for superficial neoplasms larger than 20 mm in which en bloc EMR is difficult. These statements include mixed type LST-G, LST-NG, especially the pseudo-depressed type (Figure 1), large depressed lesions with a noninvasive pattern as assessed by MCE and neoplasia with fibrosis in the context of prior biopsy, attempts of resection or chronic inflammation. 
Despite the gradual incorporation of Japanese knowledge about diagnosis and prediction of histological findings into European and American practices, major differences exist between Eastern and Western viewpoints on the endoscopic treatment of colorectal neoplasms. While ESD is widely accepted in Japan, and Japanese National Health Insurance has been covering its cost since 2012, in most Western hospitals a significant number of patients with endoscopically treatable lesions are still referred for surgery. In our part of the world, EMR is the preferred technique for the treatment of superficial neoplasms. As an alternative modality, ESD is still in the early steps of development, with a lack of a clear definition of its place in the treatment algorithms and significant uncertainties about the coverage of its costs.
These differences are clearly due to the greater experience of Japanese endoscopists, but also and significantly, because in Japan there has been little controversy about the importance of en bloc resection of tumors in which a risk of submucosal invasion is foreseeable. On the contrary, many Western endoscopists would contend that since most T1 adenocarcinomas with deep submucosal invasion can be identified in the histopathological study of piecemeal EMR, the benefits of en bloc resections are limited to a relatively small number of lesions with sm1 infiltration which, in the case of R0 resections, could avoid surgery. Others would however argue that even intramucosal large LST-NG that can be difficult to resect by EMR because of partial non-lifting, could itself justify the implementation of the procedure.

OUTCOMES IN ASIAN AND IN EUROPEAN COUNTRIES
The tortuous morphology of the large intestine, a thinner wall when compared with the stomach, and the strong peristaltic motion of the colon, leads to a higher likelihood of complications during the procedure. It is very likely that the ESD learning curve is slower in the colon than in the stomach, and it has been overcome for many years in the experienced Asian centers.
As mentioned before, the experience with colorectal ESD out of the Asian countries is scarce. In European countries, our limited experience has shown less favourable results than those coming from the East, with lower en bloc and R0 resection rates and higher perforation rates. 
Tables 2 and 3 summarize the most relevant data of the published series. Many of them have methodological limitations and an intention-to-treat analysis is lacking. Although it is commonly reported that the cases are consecutively enrolled, other information is often not provided. In most cases, they are cross-sectional studies and when follow-up is included, this is usually for a period less than 3 years. More importantly, considering that we are talking about oncological outcomes, the 5-year survival rate has been assessed in only one study[60].
The percentage of non-curative resections oscillates between 3.6%[61] and 22.7%[62]. Furthermore, it is noteworthy that the percentage of aborted procedures is scarcely reported. This is particularly striking when a complex procedure, with a prolonged learning curve, comes into focus. Reviewing the published series, aborted ESD procedures of between 3.6% and 15.9% have been described[14,61,62].
Additionally, regarding complications, the perforation rate requiring surgery is seldom described, within a range of between 0%[61-67] and 2.8%[68]. Similarly, the need for transfusion or urgent endoscopic therapy due to severe gastrointestinal bleeding are, fortunately, rare, between 0%[12,64,65,69-71] and 2.2%[72].
Since ESD is accompanied by risk of delayed perforation and bleeding the postoperative course needs to be monitored carefully. However, no recommendations have been established for patient discharge after the procedure. Some Japanese authors have suggested a 5-d hospital stay for ESD[73]. In South Korea and some European countries, duration of the hospital stay is 2-3 d unless complications develop[16,72]. Recently, a Japanese group has published a clinical pathway to shorten hospital stays after the procedure. The authors concluded in the study that a three-day stay may be sufficient when no abnormalities occurred during ESD or on the first day after the endoscopic resection[74]. In our center, a stay that lasts 3 d is typically the case when no complications are observed. No delayed perforations have been identified after those 3 d in our experience; indeed, this complication is more likely to happen during the first 24 h after the procedure. 
 
COLORECTAL ASSISTED ESD
A good visualization of the submucosal layer is one of the key factors for performing an effective and safe CR-ESD, and this can only be achieved by proper traction of the tissue.
Benefits of applying traction during ESD are the following: (1) It can provide better submucosal exposure and consequently decreases the risk of perforation; and (2) Traction decreases the contact area between the tissue and the endoknife, enabling a more effective cut[75].
However, achieving good traction using only one knife through the scope is not easy. Unlike surgeons, who maintain tension and visibility by the hands of assistants, or by more than one device, the endoscopist who performs ESD can be considered as a one-armed person. In order to improve this disadvantage, a number of adjunctive devices have been designed.

Sinker-assisted ESD
A sinker-assisted ESD for colorectal neoplasms was reported by Saito et al[76]. A 1 g sinker is attached to a metallic clip by a nylon thread. After the initial dissection of the submucosa, the clip is deployed to the edge of the mucosa. The sinker will then pull down the partly resected tumor. Finally, changing the position of the patient, will allow gravity to expose the submucosal layer in order to enhance visibility for the remaining dissection.

The Sakamoto and Osada clip
The S-O clip (Sakamoto and Osada clip) consists of a metal clip attached to the end of a spring. A double nylon loop is connected at its other end. This system passes easily through the working channel of the endoscope. The device is attached to the mucosal flap and a second clip grasps the distal nylon loop to insert this end of the S-O clip to the wall opposite the lesion[77].

Thin endoscope-assisted ESD
A double-scope method for large LSTs in the distal sigmoid colon or rectum has been reported by Uraoka et al[78]. When partial dissection of the submucosa has been performed, a clip is attached to the edge of the mucosal flap. A thinner endoscope is then passed through the anus and the primary endoscope is removed. At that point, a snare grasps the clip and pulls the lesion away from the muscle layer. This maneuver allows retraction of the submucosa and improves visualization. The primary scope is inserted again to resume the dissection. A limitation of this method is that the thin endoscope is not stiff enough to achieve deep intubation and using it for proximal lesions is not possible.

“Clip-flap” method
Yamamoto et al[79] reported recently a simple procedure requiring only common clips. After the mucosal flap has been created and the submucosal layer partially dissected, the edge of the mucosa is grasped with an endoclip. The cap attached to the tip of the endoscope is slipped under the clip and the dissection can be resumed as normal. One endoclip can be used for one region and other endoclips can be deployed in additional regions as needed. It is also possible to use two clips crossing one another. However, this method has several limitations. When the colonic lumen narrows or the position of the endoscope becomes unstable, it may be difficult to grasp the mucosa with the clip and slip the cap under the device.

COLORECTAL ESD VERSUS OTHER THERAPEUTIC STRATEGIES
EMR
Currently, ESD is the only technique that allows en bloc resection of colorectal mucosal or submucosal neoplasms of any size except for the full-thickness resection procedures. In the Western world, however, most lesions larger than 20 mm are still treated by piecemeal EMR. 
In a prospective study of a large series of patients treated in 18 Japanese reference centers, it was observed that the rate of en bloc EMR was significantly reduced as the diameter of the lesion increased, reaching 66.5% in lesions of 20-29 mm, but was only 12.3% in lesions larger than 40 mm. Conversely, ESD en bloc resection rates remained above 90% regardless of the size of the lesion[80]. 
The first study comparing retrospectively the results of colorectal EMR and ESD included 373 (145 ESD/228 EMR) resected tumors between 2003 and 2006 by expert endoscopists at the NCCH in Tokyo[81]. As a result of differences in the indications of both procedures, the ESD group included larger lesions (37 ± 14 mm vs 28 ± 8 mm; P = 0.0006). However, the en bloc resection rate was significantly higher when performing ESD (84% vs 33%; P < 0.0001). An increased risk of tumor recurrence at follow-up colonoscopies was observed after EMR when compared with ESD (2% vs 14%; P < 0.0001). It is worth noting that, in this study, all recurrences detected in the ESD group occurred after treatment of lesions previously treated by piecemeal EMR. The mean procedure time was nevertheless more than three times longer in patients treated with ESD (108 min vs 29 min; P < 0.0001) and perforations were almost five times higher (6.2% vs 1.3%), although differences were not statistically significant.
Some Japanese and South Korean studies[73,82-85] have shown better outcomes for ESD in terms of en bloc and R0 resections and lower recurrence rates. In addition, higher perforation rates and an increased length of the procedure time have been also observed. Some of these studies, however, excluded patients who underwent surgery because of submucosal invasion, which could represent an overestimation of the clinical effectiveness of this procedure[73,82]. Furthermore, it has been shown in both Eastern and Western series of ESD that its benefits on a lower rate of local recurrence rely on the ability of the procedure to achieve en bloc resections and only become evident in those procedures performed by endoscopists with a high proportion of R0 resections[14]. 
The endoscopic resection of recurrent adenomas is another matter of concern. Although ESD may be used in endoscopic salvage procedures for recurrent lesions, performing this procedure is extremely difficult because of the presence of submucosal fibrosis attributable to previous resection. For this reason, in the Western world, the most commonly endoscopic procedure for treating recurrent adenomas after EMR is one additional EMR, although fibrosis after a previous resection often prevents lifting of the lesion after submucosal injection and causes the snare to slip off the tumor. There are very limited published data on the results for this strategy, with more than 10% of the patients needing surgery in this scenario[7].
In a retrospective case series that included 67 cases of a second endoscopic resection for recurrent neoplasias, ESD achieved a 56% en bloc resection rate compared with 39% in the EMR group. Both of these results are lower than expected for primary colorectal tumors [86]. In contrast, another study observed that 27 out of 28 patients were successfully treated using ESD for residual or recurrent colorectal of tumors[67]. 
More recently, underwater EMR (UEMR) has been evaluated for the treatment of these recurrences. When colon water distension is used instead of gas, the mucosa and submucosa involute, keeping the muscle layer in place, and there is no need for submucosal injection. Thus, the tumor can be snared easier than with conventional EMR. In a retrospective study, the en bloc resection and endoscopic complete removal rates were higher in the UEMR group when compared with the EMR group, and these differences were statistically significant. In addition, argon plasma coagulation ablation of residual tumor was lower in the UEMR group[87]. Although the study had several limitations, UEMR appears to be useful for salvage endoscopic management of recurrent lesions after a previous EMR.
Finally, some aspects remain to be clarified concerning the use of these endoscopic procedures for the treatment of defiant colorectal polyps. Thus, isolated cases of submucosal recurrences after piecemeal resection for intraepithelial or intramucosal neoplasms have been reported[73,81]. This complication has been attributed to staging errors derived from the histopathological study of a piecemeal resection. Additionally, there is no data concerning the impact of perforations that occur during ESD on oncological prognosis.

ESD vs surgical procedures
The two main surgical options at present are laparoscopic-assisted colorectal surgery (LACS) and transanal endoscopic microsurgery (TEM). Several non-randomized controlled studies have compared ESD and surgical modalities for management of colorectal lesions, but good quality evidence is lacking to allow substantial recommendations. ESD has been shown to be a good option for early colorectal neoplastic lesion with absent or shallow submucosal invasion[12,20,72], but diverse results have been reported when compared with alternative surgical modalities. Recent European guidelines for early rectal cancer do recommend either ESD or TEM, both with optimal curative resection rate, and discourage against conventional transanal excision unless both ESD and TEM are not feasible[59]. 

LACS
LACS has widely succeeded as a less invasive technique compared with conventional open surgery[88,89]. One retrospective study performed at the NCCH in Tokyo compared ESD with LACS for colorectal early carcinoma[90]. The study population comprised T1m/T1sm1 in the ESD group and T1sm2 in the LACS group. Lesions were located from cecum to rectum, with double the proportion of rectal lesions in the ESD group (38% vs 17%). Results showed that ESD was associated with a shorter procedure time (106 min vs 206 min), shorter hospital stay (5 d vs 13 d) and lower complication rates (6.4% vs 13.6%). Nevertheless, en bloc and curative resection rates were lower in the ESD group (87.2%, and 80.4%, respectively), compared to 100% for surgical patients. Similarly, a recent retrospective study comparing a series of 300 colorectal ESD to 190 LACS revealed high en bloc and curative resection rates for ESD (> 90%), with a shorter procedure time and hospital stay, and a lower complication rate compared with LACS (90 min vs 185 min; 5 d vs 10 d; 7% vs 15%, respectively)[91]. It should be noted, however, that this report might be shaped by selection bias since a significant proportion of cases in the LACS group (35%) were post-EMR “lesions/scars” vs no cases in the ESD group, and apparently different from what was defined as local recurrence on ESD. Additionally, the ESD group included more than 75% of the lesions as LSTs vs only 10% in the LAC group.
In terms of hospital stay, five days or longer in LACS groups are common in Japanese studies. However, other studies have reported shorter periods when an elective surgery has been performed, ranging from 3[52] to 6 d[92-94].

TEM
TEM is a technique for en bloc full-thickness rectal wall excision up to the level of the perirectal fat that can be applied for lesions located as far as 18-20 cm from the anal verge. The minimal distance from the anal verge is 5 cm due to the rigid structure of the rectoscope, making it troublesome to approach a lesion next to the anal verge[95]. Developed more than 25 years ago as an alternative to standard transanal surgery[96], TEM has become one of the gold standards for early rectal cancers, whenever available[59]. There is increasing evidence that TEM is superior to conventional transanal resection (TAR) in terms of en bloc and R0 resection rates, and thus, lower recurrence, together with lower complication rates[97-99]. Some of the limitations of TEM include the long learning curve[100], similar to ESD, and the need for quite expensive special equipment.
Contradictory results have been obtained when comparing TEM with ESD. Whereas a recent meta-analysis showed better outcomes for TEM[101], single center-based studies, either head-to-head between both techniques, or only limited to rectal location, showed better outcomes for ESD, with fewer complications or a shorter length of the hospital stay. In the aforementioned meta-analysis, TEM appeared more effective than ESD in terms of en bloc and R0 resection rates (98.7% vs 87.8% and 88.5% vs 74.6%, respectively), with a shorter procedure time (67 min vs 96 min) and with no significant differences in the complication rate or the need for additional surgery due to adverse events. Adenoma recurrence rate was, however, higher in the TEM group (5.2% vs 2.6%). Nevertheless, this study included small ESD series, most of them with less than 50 cases and published before 2010[101]. A report with a small study population in both groups of ESD and TEM (< 20) showed comparable en bloc (91%-84%) and R0 (81%-84%) resection rates, with no differences in complications or length of hospital stay[102]. A South Korean single center retrospective study included patients with flat lesions with suspected high grade dysplasia or submucosal invasive carcinoma who underwent ESD or TEM[103]. En bloc and R0 resection rates were similar in both groups (ESD vs TEM: 96.7% vs 100% and 96.7% vs 97.0%, respectively), with no statistically significant differences in complication rate (3.3% vs 6.1%, respectively). Hospital stay was significantly lower after ESD (3.6 d vs 6.6 d). It should be noted that over 20% of patients in both groups required additional treatment, mostly due to histological risk factors for lymph node metastasis.
Regarding hospital stay with TEM, this outcome may vary significantly across centers. Thus, some authors have reported a median hospital stay of 2-3 d[104-107], while other studies suggest even shorter stays and have reported a 24 h discharging policy[108]. To our knowledge, prospective direct comparisons between TEM and ESD that address the question of superiority in terms of length of hospital stay have yet to be published.
In summary, in an ideal scenario of a well-trained endoscopist, ESD might be the best option for early colorectal neoplasia as it combines a high rate of curative resection, similar to surgical procedures, while maintaining a low profile of invasiveness and less need for general anesthesia[109]. But frequently this is not the case in most institutions in Western countries, and standard surgical techniques are commonly more accessible to physicians. Favorable results for ESD compared to surgical procedures published recently were only based in retrospective analysis studies, with significant risk of selection bias. There is a lack of randomized controlled trials to establish good quality evidence regarding both techniques. Nevertheless, it seems that if colorectal ESD expansion backed with encouraging outcomes continues, it might be difficult to complete such ideal head-to-head randomized studies since less invasive procedures with good results frequently gain spontaneous acceptance by patients and physicians.

Endoscopic full thickness resection 
Since CR-ESD is a technically demanding procedure, with a long learning curve and requires more time for its completion when compared with other resection techniques, simpler and more standardized methods are required for the treatment of colorectal neoplasms. Furthermore, performing CR-ESD is challenging in the presence of technically difficult lesions with severe fibrosis, recurrent lesions, or difficult locations (at the bottom of the cecum, near the terminal ileum, and in the appendix). The advantage of the full thickness resection is the ability to easily and quickly resect the main lesion and quickly close the colon wall defect. However, large-sized lesions are difficult to resect when using only a device that depends on a snare to achieve the resection[110] To date, endoscopic treatment for this type of lesion requires additional devices to support closure and suturing. Unfortunately, most of them are not commercially available for widespread use.
Recently, a novel over-the-scope (OTSC) device has been developed for colorectal endoscopic full-thickness resection (eFTR). Although, colonic eFTR is not widely available in clinical practice, the initial results of this procedure have been published recently[111].
The full-thickness resection device (FTRD) consists of an OTSC System cap with a preloaded clip and a snare integrated into cap’s distal end. The lesion that has been previously marked with a marking probe included in the kit is then identified with the colonoscope. The tumor is then pulled into the cap using a grasping forceps. After ensuring that all the marked tissue is completely included into the cap, the OTSC is deployed. Finally, the lesion is resected after closing the snare, applying electrosurgical current, and retrieved from the colon with the endoscope.
In the study mentioned above the main indication for eFTR was the presence of residual or recurrent neoplasm after a previous endoscopic resection. The median time to complete the procedure was 50 min. The mean diameter of the resection specimen was 24 mm within a range of 12 to 40 mm. The en bloc resection rate, R0 resection rate and the percentage of histologically confirmed full-thickness resection were 83.3%, 75.0% and 87.5%, respectively. There were no perforations or severe bleeding episodes. A postpolypectomy electrocoagulation syndrome was observed in 8% of the patients that was successfully treated with antibiotics.
The FTRD has, however, several limitations. The diameter of the outer cap does not allow the system to pass through the oral route. Consequently, it cannot be used for resection in the upper gastrointestinal tract. In the colon, the main limiting factors are the size of the lesion and the presence of submucosal fibrosis. Tumors over 25 millimeters in diameter might not easily fit into the cap and lack of elasticity of the colonic wall because of severe fibrosis often makes the resection difficult. Additionally, in the rectum, the perirectal tissue that fixes it prevents the achievement of a full-thickness resection.

CONCLUSION
CR-ESD is a major advance for the treatment of colorectal neoplasms: it has well-established indications, achieves higher en bloc resection rates when compared with EMR and is less invasive and costly than surgery. 
Nevertheless, ESD also has several disadvantages: It has a long learning curve and the training process is not well established outside of Asian countries. These problems still have to be resolved in Europe. Additionally, complications in terms of bleeding and perforation rates are higher than those associated with EMR, a more established endoscopic procedure in Western countries. 
Despite the many devices commercially available to perform the technique, standardization of CR-ESD still needs to be defined. Indeed, to date, the skill of the endoscopist seems to be the determining factor to achieve excellent outcomes.
Finally, simpler and more time-efficient methods for the treatment of colorectal tumors are required and new developments in this area are very likely to appear in the next few years. Probably, in the near future, methods such as FTRD will be competing treatments for CR-ESD in selected patients. More importantly, innovative methods and new devices for eFTR and suturing are evolving and may change the way the colorectal neoplasms are managed, blurring the boundaries between advanced endoscopy and surgery.
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Table 1 Indications for colorectal endoscopic submucosal dissection (Japan Gastroenterological Endoscopy Society)

Lesions for which endoscopic en bloc resection is required
(1) Lesions for which en bloc resection with snare EMR is difficult to apply
	LST-NG, particularly LST-NG pseudo-depressed type
	Lesions showing a Vi-type pit pattern
	Carcinoma with shallow T1 submucosal invasion
	Large depressed-type tumors
	Large protruded-type lesions suspected to be carcinoma. Including LST- G, nodular mixed type
(2) Mucosal tumors with submucosal fibrosis as a result of a previous biopsy or prolapse caused by intestinal peristalsis
(3) Sporadic localized tumors in conditions of chronic inflammation such as ulcerative colitis
(4) Local residual or recurrent early carcinomas after endoscopic resection.

EMR: Endoscopic mucosal resection; LST-NG: Laterally spreading tumor non granular.
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Table 2 Colorectal endoscopic submucosal dissection outcomes for epithelial neoplasms in Asian studies
	Ref.
	Patients, n
(% rectal)
	Study design
	Enrollment
period
	Size
(mm)
	Time
(min)
	En bloc
(%)
	R0
(%)
	Perforation
rate
(%)
	Delayed
bleeding
(%)
	Hospital
stay
(d)
	Follow-up

	Fujishiro et al[63],
2006 
	35 
(100)
	NS
	Feb 2001
Feb 2005
	32.8
	NS
	88.6
	62.9
	5.7
	28.6
	_
	Missing rate: n = 0; 0%
Mean: 36 mo (12-60)
Recurrence rate at 2 mo: 2.8%.
31/32 (96.8%) recurrence-free at 3 yr

	Tamegai et al[64], 2007 
	71 
(23.9)
	NS
	Jan 2003
Dec 2005
	32.7
	61.1
	98.6
	95.6
	NS
	1.4
	_
	Missing rate: n = 7 (9.86%)
Mean: 12.2 mo (range 3-34)
Recurrences: 0%

	Hurlstone et al[70],
2007 
	42 
(33.3)
	Prospective
	Mar 2004
Aug 2006
	31
	48 
	78.6
	73.8
	2.4
	2.4
	22

	Missing rate: n = 6; 14.3%
Median: 6 mo (range: 3-18) 
Recurrences 4/36 (11%)
Curative resections at 6 mo: 34/42 (81%)

	Fujishiro et al[112],
2007 
	200
(26)
	NS
	Jul 2000
Mar 2006
	29.9
	_
	91.5
	70.5
	6
	0.5
	_
	Median: 18 mo (range 12-60) 
Recurrences: 1.8%

	Saito et al[65],
2007 
	200
(30.5)
	NS
	Oct 2003
Jul 2006
	35
	90
	84
	70
	5
	2
	5
	Median: 7 mo
Missing rate: 10%
Recurrences: 0.5%

	Tanaka et al[68], 
2007 
	70
(48.6)
	NS
	< Dec 2005
	28
	70.5
	80
	_
	10
	1.4
	_
	In curative resections, 0% recurrence rate
Other information not provided

	Zhou et al[113],
2009 
 
	74 
(56.7)
	NS
	Jul 2006
Dec 2007
	32.6
	110
	93.2
	89.2
	8.1
	1.4
	_
	Missing rate: n = 0; 0%
Median: 14.3 mon (range 3- 22)
Recurrences: 0%

	Isomoto et al[114],
2009 
	292
(26.7)
	NS
	May 2001
Dec 2008
	26.8
	_
	90.1
	79.8
	7.9
	0.7
	_
	Missing rate: 24.6%
Median: 33 mo in R0; 
36 mo in non-R0 resections
R0: 0% recurrences
1 recurrence in non-R0 resections

	Saito et al[115],
2009 
	405
(27.4)
	NS
	NS
	40
	90
	86.9
	-
	3.5
	1
	_
	Mean ± SD: 20 ± 13 mo
2% recurrences

	Iizuka et al[62],
2009 
	44
(59)
	Retrospective
	Jan 2000
Dec 2004
	39
	110
	61
	58
	8
	-
	_
	-

	Niimi et al[60],
2010 

	310
(26.1)
	Retrospective 
Monocentric
	Jul 2000
Dec 2008
	28.9
	_
	90.3
	74.5
	4.8
	1.3
	_
	Median: 38.7 mo (12.8–104.2)
2% recurrences
3-yr overall/disease-specific survivals: 97.1%/100%
5-yr overall/disease-specific survivals: 95.3%/100% 
8 died of other coexisting diseases
0 died of CRC

	Yoshida et al[116],
2010 
	250
(31.6)
	NS
	Apr 2005
Mar 2010
	29.6
	106
	86.8
	81.2
	6
	2.4
	_
	_

	Saito et al[81],
2010 
	145
(50.3)
	Retrospective
	Jan 2003
Dec 2006
	37
	108
	84
	_
	6.2
	1.4
	_
	Median: 20 mo
2.1% recurrences

	Hotta et al[38],
2010 
	120
(27.5)
	NS
	Jun 2003
Sep 2008
	> 30
	141
	93.3
	85
	7.5
	_
	_
	_

	Saito et al[12],
2010 
	1111
(30.3)
	Multicentric
Prospective
	Jun 1998
Feb 2008
	35
	116
	88
	89
	5.3
	1.5
	_
	_

	Toyonaga 
et al[117],
2010 
	268
(25.7)
	Retrospective
	May 2002
May 2007
	40.3
	64.5
	99.2
	98.1
	2.2
	0.37
	_
	Median: 32.2 mo (6.5-85.2)
Follow-up: 227 out of the 241 curative resections (94.2%)
Missing rate: 5.8%
Recurrences: 0%

	Matsumoto et al[118],
2010 
	203
(NS)
	NS
	Nov 2002
Jun 2009
	33
	_
	85.7
	_
	6.9
	_
	_
	_

	Uraoka et al[119],
2011 
 
	202
(32.7)
	NS
	Apr 2006
Mar 2010
	40
	_
	91.6
	87.1
	2.4
	0.5
	_
	Median: 11.4 mo
Missing rate: 14%
0% disease specific mortality
1.5% overall mortality

	Shono et al[61],
2011 
 
	137
(26.2)
	NS
	Apr 2007
Oct 2010
	29.2
	79.2
	89.1
	85.4
	3.6
	3.6
	_
	0% recurrences. 
No other information provided

	Kim et al[120],
2011 
	108
(44)
	Retrospective
	Mar 2007
Feb 2009
	27.6
	61.9
	_
	78.7
	20.4
	_
	_
	_

	Lee et al[84],
2012 
	314
(19.1)
	Retrospective
	Jan 2004
Nov 2009
	28.9
	54.7
	92.7
	87.6
	8
	0.64
	3.6
	_

	Lee et al,
2012 [121]
	499
(18.1)
	Retrospective
	Oct 2006
Nov 2010
	28.9
	61.3
	95
	_
	7.4
	_
	3.6
	_

	Hisabe et al[122],
2012 
	200
(30)
	NS
	Jun 2003
Jun 2011
	32.7
	108.9
	86
	_
	7
	1
	_
	_

	Saito et al[123],
2012 
	1321
(25.6)
	Multicentric
	_
	34.2
	90
	95.4
	87.2
	2.9
	2.5
	_
	_

	Okamoto et al[71],
2013 
	30
(50)
	NS
	Dec 2010
Aug 2012
	36
	61
	_
	100
	0
	0
	_
	_

	Lee et al[72],
2013 
	874
(20.7)
	Retrospective
	> Oct 2006
	26.5
	53.8
	97.1
	90.5
	6.1
	0.5
	3.5
	_

	Nakajima et al[80],
2013 
	816
(36.3)
	Prospective
Multicentric


	Oct 2007
Dec 2010
	39.4
	96
	94.5
	90.6
	2
	2.2
	_
	_

	Nawata et al[124],
2014 
	150
(20.6)
	Retrospective
2 groups: A < 50 mm/B ≥50 mm
	Apr 2010
Jul 2013
	26/59
	38/86
	98.7
	97.3
	0
	0
	_
	_

	Sakamoto et al[66],
2014 
	164
(38)
	Retrospective
	Apr 2005
Mar 2012
	30
	95
	95
	92
	4
	3
	_
	_

	Saito et al[109],
2014 
	900
(NS)
	NS
	NS
	40
	100
	91
	87
	2.7
	1.7
	_
	_

	Lee et al[125],
2015 
	173
(24.3)
	Retrospective
	Jan 2010
Dec 2013
	25.95
	_
	88.4
	81.5
	11
	3.4
	_
	_

	Rahmi et al[67],
2015 
	28
(25)
	Retrospective
100% recurrences
	Dec 2008
Jul 2013
	17.5
	63
	96.4
	92.9
	3.5
	0
	7
	Median: 22 mo
Missing rate: 35.7%
Recurrences: 0%



The given values for the size of the lesion and time spent on the procedure are shown as the measure of central tendency reported in the study (mean or median as appropriate). NS: Not specified.

Table 3 Colorectal endoscopic submucosal dissection outcomes for epithelial neoplasms in European studies
	Ref.
	Patients, n
(% rectal)
	Study design
	Enrollment
period
	Size
(mm)
	Time
(min)
	En bloc
(%)
	R0
(%)
	Perforation
rate
(%)
	Delayed
bleeding
(%)
	Hospital
stay
(d)
	Follow-up

	Farhat et al[16],
2011 
	85
(84.7)
	Prospective
	Jan 2008
Aug 2010
	_
	_
	67
	62.3
	_
	_
	_
	_

	Probst et al[14],
2012 
	76
(86.6)
	NS
	Oct 2004 
Sep 2011
	45.8
	176
	81.6
	69.7
	6.6
	10.5
	_
	Median: 23.6 mo (2-83)
Included in follow-up: n = 65
9.2% residual neoplasms 
(5 piecemeal and 1 en bloc R1 lateral) 

	Repici et al[20],
2013 
	40
(100)
	Prospective
	Apr 2010
Jan 2011
	46.8
	86.1
	90
	80
	5
	2.5
	_
	Recurrences: 2.5% 


	Thorlacius et al[126],
2013 
	29
(59)
	NS
	Jan 2012
Mar 2013
	28
	142
	72
	69
	6.9
	0
	_
	Recurrences: 0% at 3-6 mo
Missing rate: 82.7%

	Spychalski et al[127],
2015 
	70
(56)
	NS
	Jun 2013
Jun 2014
	30
	110
	66
	_
	8
	6
	_
	Missing rate: 14.6%
Recurrences: 4.9%
Follow-up < 12 mo

	Rahmi et al[128],
2014 
	45
(100)
	NS
	Feb 2010
Jun 2012
	35
	110
	64
	53
	18
	13
	3.4
	For curative resections at 12 mo: 88%

	Bialek et al[129],
2014 
	37
(67.6)
	Prospective

	2007
2013
	37
	70
	86.5
	81.1
	0
	5.7
	_
	At 1-yr follow-up: 1.7% recurrences



The given values for the size of the lesion and the time spent on the procedure are shown as the measure of central tendency reported in the study (mean or median as appropriate). NS: Not specified.
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[bookmark: _GoBack]Figure 1 Endoscopic assessment and endoscopic submucosal dissection for a laterally spreading tumor non granular pseudodepressed type in the transverse colon. A: High resolution white light endoscopy; B: Targeted chromoendoscopy with indigo carmine (0.4%) highlights the border and characteristics of the lesion; C: Magnification chromoendoscopy with crystal violet (0.05%) shows a Kudo’s Vi pit-pattern; D: Performing ESD with a 1.5 mm Flush-knife BT (Fujinon, Tokyo, Japan); E: Submucosal dissection of the lesion with an IT nano (Olympus, Tokyo, Japan); F: Residual scar after completion of the procedure; G: Resected specimen of CR-ESD stretched with pins on foam. Maximum diameter of the lesion was 32 mm; H: Specimen sectioned into pieces for histological assessment in the Department of Pathology. ESD: Endoscopic submucosal dissection; CR-ESD: Colorectal ESD.
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