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Efficacy and safety of endoscopic submucosal
dissection for colorectal neoplasia: a
systematic review

A. Repict, C. Hassah D. De Paula Pessbha\. Pagant A. Arezzd, A. Zullo', R. Lorenzett;, R.
Marmo’

. 'Department of Gastroenterology, IRCCS Istituto i€brHumanitas, Milan, Italy
. ?Digestive, Colorectal, and Minimal Invasive Surgddyiversity of Turin, Italy
- Division of Gastroenterology, “L. Curto” Hospitd&plla, Sant’Arsenio, Italy

Background and study aims: Endoscopic submucossédiion (ESD) has been proposed for large
colorectal lesions, due to the high risk of recacefollowing endoscopic mucosal resection.
However, data on the efficacy and safety of coli@eeSD are still controversial. The aim of the
current systematic review was to assess the effiaad safety of colorectal ESD.

Methods: A detailed Medline search of papers phblisduring the period 1992010 was
performed, using the search terms “Endoscopic sabeal dissection,” “Colorectal neoplasia,”
“Colon,” or “Rectum.” Published studies that evagehESD for colorectal lesions were assessed
using well-defined inclusion/exclusion criteriacinding histological confirmation and surgery for
complications. The process was independently peddrby two authors. Forest plots on primary
(i.e. histologically verified RO resection and surgenyESD complications) and secondary end-
points were produced based on random-effect modelgrogeneity was assessed usingthe |
statistic. Risk for within-study bias was also ataeed.

Results: A total of 22 studies (20 Asian, two Ewap) provided data on 2841 ESD-treated lesions.
The per-lesion summary estimate of RO resectianwais 886 (95%C| 8206—92%; > =91%). At
meta-regression, carcinoid vs. non-carcinoid s€R€s93% vs. 8®6; P=0.04) and Asian vs.
European series (RO 88vs. 6%0; P =0.03) appeared to explain the detected heterogeféie
per-lesion summary estimate of surgery for ESD daations was % (95%CI 0%—-1%) with a
moderate degree of heterogeneify=#9%). However, subgrouping of these results accortting
histological tumor types was not available in teeiewed studies.

Conclusions: ESD appeared to be an extremely eféetgchnique to achieve RO resection of large
colorectal lesions. The very low rate of surgenydomplications also shows the potential safety of
this approach.

I ntroduction

Colorectal cancer (CRC) represents a major causedfidity and mortality in Western countries
[1] [2]. The majority of CRCs arise from premalignigrecursors along the long-term adenema
carcinoma sequence. The identification and remofvalich precursors have been associated with
CRC incidence and mortality prevention [3].



Large colorectal lesions are usually treated byeadpic mucosal resection (EMR) or surgery, at
least in Western countries. Although EMR is a hygiffective and safe procedure for lesions
smaller than 2hm in diameter [4], it is quite ineffective in aeking an en bloc resection of
lesions>20mm, resulting into a high rate of local recurrencéhese lesions. Piecemeal resection
of submucosal cancer lesions also prevents th@logiist from reliably determining the status of
the resection margins. Surgical treatment for @utal lesions is associated with a substantial
increase in morbidity and mortality when comparethwndoscopy [5], and in patients with benign
lesions this additional risk is not clinically wanted.

To overcome these limitations, colorectal endoscepbmucosal dissection (ESD) has been
proposed. ESD was initially developed for earlytgagancer, where it has been shown to be a
highly effective and safe treatment [6]. The apdlien of ESD to colorectal lesions has been
partially limited by the greater technical diffitpinvolved and the higher risk of perforation.
Despite these limitations, an increasing numbeseoies have recently reported the application of
ESD to colorectal lesions [7] [8] [9] [10] [11] [1£L13] [14] [15] [16] [17] [18] [19] [20] [21] [22]

[23] [24] [25] [26] [27] [28]. However, most of tise series were retrospective and single-center
studies that included only a relatively small numbfecases. When considering the relatively low
frequency of post-ESD recurrences or post-ESD suifge complications, such small sample sizes
prevent reliable estimates of the efficacy andtgadécolorectal ESD.

The aim of this systematic review and meta-analysis to assess the efficacy and safety of ESD
for colorectal lesions.

M ethods

The methods used for the analysis and generatiorchision criteria were based on PRISMA
recommendations [29].

Eligibility criteria

All studies that were published during the periadulry 1999 (the year ESD was first described) to
December 2010, and in which patients underwent t68ihe removal of colorectal lesions were
reviewed. Exclusion criteria included case repfftE) cases), non-human studies, review articles,
position papers, editorials, commentaries, and lobalpters. If there was any suspicion of cohort
overlap between studies, only the most recent sivady/considered for inclusion.

| nfor mation sour ces

A literature search was performed in December Ré&l@vant publications were identified by
Medline for the period 1999-2010. The medical tetErsdoscopic submucosal dissection,”
“Colorectal neoplasia,” “Colon,” or “Rectum” weraed in the search, adopting “Human studies
as the only limit. The references of review arsoleere also hand-searched. The full paper of all
relevant studies was retrieved, and referenceftists identified papers were hand-searched to
identify any additional studies that may have beessed using the above-mentioned process.

”



Study selection

Potential studies were initially screened by tweesgchers (A.R., C.H.) based on the title and
abstract. The reviewers checked whether inclusnohexclusion criteria were met, and the full text
was retrieved and reviewed for all papers that gltbewen a remote potential for study inclusion.

Data collection process and list of items

Data extraction was independently performed bytwtereviewers using pre-defined data
extraction forms. A third investigator (R.M.) amraited in the event of any lack of agreement. From
each report, reviewers independently abstractetbtloaving information: (a) year of publication,
(b) country where the study was performed, (c) Waethe study was a single- or multicenter
study, (d) whether the study was prospective soseective, (e) enrollment period, (f) number of
patients included, (g) mean age, (h) sex distrdoyt{i) clinical indication for ESD, (j) number of
lesions selected for ESD, (k) lesion localizatioal¢n/rectum), (I) whether endoscopic ultrasound
(EUS) was performed, (m) mean tumor size, (n) nsoopic type (lateral spreading tumor [LST] or
non-LST), (n) type of ESD devices used, (0) typsadfition injected into the submucosa, (p) rate
of histologically verified en bloc complete reseati(R0), (q) histology (adenoma, carcinoma in
situ, submucosal cancer, invasive cancer, cargn@jdwhether post-ESD follow-up was available,
(s) mean follow-up period (months), (t) rate of pBSD surgery due to ESD failure, (u) rate of
bleeding, (u) rate of perforation, (v) rate of ssmgdue to complications, (x) mean ESD operation
time, and (w) post-ESD mortality.

Risk of biasin individual studies
To assess the methodological quality of the inalustedies and detect potential bias, the following
details were noted: (a) whether the reference atan(histological verification) was available, (b)

whether ESD could be replicated based on the irdton provided in the included studies, and (c)
whether data on ESD failure were provided.

Summary measur es
The primary end-points of this systematic revieweave
1. per-lesion rate of RO ESD resectiore(icomplete en bloc resection with vertical andrkilt
margins free of neoplasia at histology)

2. per-lesion rate of surgery for ESD complications.

Secondary end-points were:



=

per-lesion rate of endoscopically complete ESDatese (i.e. apparently complete en bloc
resection at endoscopy, regardless of histology)

per-lesion rate of bleeding or perforation, regasdlof complication-related surgery
per-lesion rate of post-ESD surgery for ESD fail{(eecluding surgery for complications)
per-lesion rate of post-ESD recurrence followingrB€ection

differences between the results of ESD for cardisa@ries compared with those of
unselected series

6. differences between results of Western series coedpaith those of Asian series.

abrwn

Attempts were made to contact authors if data ptatien was incomplete or if it was necessary to
resolve an apparent conflict or inconsistency adtticle. However, additional data were required
only when involving the primary end-points.

Planned methods of analysis

Per-lesion RO ESD resection rate was defined foin study as the ratio between the absolute
number of RO ESD resections and the overall nurablesions in which ESD was attemptedg(i.
within an intention-to-treat population). The samethodology was applied to all the other primary
and secondary end-points. Both primary and secgretai-points were summarized by a random-
effects model, except for cases where fewer thaaetstudies were available; in the latter case a
simple pooling with 9%6 confidence interval (Cl) was provided. True pgsg were defined as the
experimental group in which the monitored outconaes wresent. False negatives were the
experimental group in which the outcome was absteterogeneity was assessed usingthe |
statistic. The statistic provides an estimate of the amount ofwae due to heterogeneity rather
than chance and is based on the traditional measwariance, the Cochrane Q statistic [30].
Values of f below 28% and 506, and above T were assumed to represent low, moderate, and
high heterogeneity, respectively. When heteroggmedts present, meta-regression analysis was
used to determine the study characteristics tlilaeinced the heterogeneity. Egger’s test and funnel
plots were used to investigate whether publicatias or other small study effects may have
adversely affected the results for the primary paois [31].

Formal investigation of heterogeneity was perforrmganultiple univariable meta-regression
models. Covariates were used as mean-centerechigons or as dichotomous (yek no=0) fixed
effects. The effect of each covariate on the tastwe rate was estimated. This analysis was
performed on logit-transformed proportions by udimg meta-regression command of the statistical
software. All of the collected variables (see abwvihe section “Data collection process and Ifst o
items”) were used in the meta-regression. Pre-Bpda@ensitivity analyses were undertaken to
evaluate possible heterogeneity due to the diftesimical and technical characteristics of the
included studies. Data comparison between AsiarEamdpean sub-groups, as well as between
carcinoid and non-carcinoid series, was performsdguthe chi-squared test, as appropriate. A two-
sided P value of less than 0.05 was consideredtstatly significant. All of the calculations were
performed with STATA software integration (Statagiddouston, Texas, USA).



Results
Study selection

A flow diagram of this systematic review, with thember of papers retrieved, included, and
excluded, as well as the reasons for exclusioshasvn in [Figl]. In summary, 83 studies were
identified by the Medline search. After removingngertinent papers, 46 were considered for
inclusion after the search criteria were appliethtoelectronic abstract. Of these 46 potential
papers, 24 were excluded. The reasons for exclasm®given in [Figl] (see [Tablel], online
only, for excluded studies). The remaining 22 pal#id papers were included in the systematic
review [7] [8] [9] [10] [11] [12] [13] [14] [15] [¥] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26

[27] [28].

Tableel

Excluded studies and reasons for exclusion.

First author Journal Date  Exclusion
Saito Surg Endosc 2010 Duplication
Ono Gut Liver 2008 Case report
Nishiyama Surg Endosc 2010 Duplication
Saito Gastrointest Endosc 2007  Duplication
Sakamoto Gastrointest Endosc 200%10 cases
Saito Gastrointest Endosc Clin N Am 2010 Review
Yoshida Int J Colorectal Dis 2010 Duplication
Sung Eur J Gastroenterol Hepatol 2009 Focus not ESD
Fujishiro Gastrointest Endosc 2006 Duplication
Park Gastrointest Endosc 2010 Duplication
Kobayashi, J Gastroenterol Hepatol 2009 Duplication
Morimoto World J Gastroenterol 2010 Case report
Isomoto Endoscopy 2009 Duplication
Tamegai Endoscopy 2007  Duplication
Zhou Surg Endosc 2009 Duplication
Nimi Endoscopy 2010 Duplication
Matsumoto Scand J Gastroenterol 2010 Duplication
Hurlstone Colorectal Dis 2008 Duplication
Fujishiro Clin Gastroenterol Hepatol 2007  Duplioati
Yoshida Endoscopy 2009 Duplication
Tanaka Gastrointest Endosc 2007  Duplication
Matsushita Scand J Gastroenterol 2008 Focus not ESD
Onozato Endoscopy 2007  Duplication
Saito Gastrointest Endosc 2010 Duplication

ESD, endoscopic submucosal dissection.



Literature search: PubMed 1999 -2010

Search results combined (n=83)

Articles screened on basis of title
and abstract

Included Excluded (n=37)
(N=46) —Non-pertinent: 18
—Review: 8

—Case report: 11

\

Manuscript review and application of inclusion criteria

Included Excluded (n=24)
(n=22) —Case report: 2
- <10 patients: 1
—Focus not ESD: 2
—Duplication: 19



Characteristics of theincluded studies

A total of 20 studies were performed in Asian cowst(17 in Japan, two in China, and one in
Korea) and two were performed in Europe (one Geymane United Kingdom) ([Tabl&]). All of

the included studies were single-center studied adirbut three (two randomized trials, one
prospective series) were retrospective. The enavitrperiod ranged widely, from 1998 to
2010Five studies reported ESD up to 2006, and the maheaiincluded patients enrolled after 2006
(information not provided for one series).

#
Participants

A total of 2774 patients were enrolled in the s@dctudies ([Tabl@]). The number of patients
enrolled in each study ranged from 16 to 400, withedian of 47 he median of the mean ages
across the included studies was 66 years (rangéXgears). The median of the male sex rate was
56% (range 32%—71%). The clinical indication for ESD wa20mm lesions, post-EMR
recurrences, post-biopsy fibrosis or otherwise specified superficial lesions in 18 studies; the
indication was restricted to carcinoids in the renmay four studies ([Tabl&]).

Table 2 Characteristics of the included studies.
Table?2

Characteristics of theincluded studies.

. Enrollment Mono- Patients Age, Sex,
Reference Study design Country._ . . : 'mean, male,
r}/erlod /multicentric n

years %
Takeuchi et al. Randomized Asian 20082009 Monocentric
2010 [16] trial 48 68 52
Toyonaga et al. Randomized Asian 2008 Monocentric
2010 [23] trial 16 - -
Hurlstone et al. Prospective  Non- 2004-2006 Monocentric
2007 [28] Asian 42 68 64
Tamegai et al. Retrospective Asian 2062005 Monocentric
2007 [7] 70 63 54
Zhou et al. 200 Retrospective Asian 20862007 Monocentric
[8] 73 64 53
Niimi et al. Retrospective Asian 20862008 Monocentric
2010 [9] 290 65 32
Matsumoto et Retrospective Asian 2062009 Monocentric
al. 2010 [10] 203 66 65
Ohya et al. 200 Retrospective Asian 2062009 Monocentric
[11] 45 71 -
Yoshida et al. Retrospective Asian 20062010 Monocentric
2010 [12] 250 67 -

Yamaguchi et Retrospective Asian 20062008 Monocentric
al. 2010 [13] 20 60 55



Table?2

Characteristics of theincluded studies.

. Enroliment Mono- Patients Age, Sex,
Reference Study design Country._ . X . 'mean, male,
a/erlod /multicentric n

years %
Nishiyama et alRetrospective Asian 2082008 Monocentric
2010 [14] 286 69 57
Uraoka et al. Retrospective Asian 2082008 Monocentric
2010 [15] 21 67 71
Zhou et al. 201/ Retrospective Asian 2008006 Monocentric
[17] 20 48 60
Saito et al. 200 Retrospective Asian - Monocentric
[18] 400 - -
Kita et al. 2007 Retrospective Asian 1992005 Monocentric
[20] 166 - -
Toyonaga et al.Retrospective Asian 2062007 Monocentric
2010 [21] 268 68 53
Lee et al. 2010 Retrospective Asian 20862009 Monocentric
[22] 46 49 46
lizuka et al. Retrospective Asian 20862004 Monocentric
2009 [24] 44 69 55
Kuroki etal.  Retrospective Asian 2082009 Monocentric
2010 [25] 395 66 66
Ishii et al. 2010 Retrospective Asian 2062008 Monocentric
[26] 21 55 67
Ishii et al. 2010 Retrospective Asian 2062009 Monocentric
[27] 33 66 61
Probstetal. Retrospective Non- 2003-2007 Monocentric
2009 [19] Asian 17 - -

Table 3 Clinical characteristics of the lesions in wheridoscopic submucosal dissection (ESD)
was applied.
Table3

Clinical characteristics of the lesions in which endoscopic submucosal dissection
(ESD) was applied.
Tum Rate

EUS Rate of or of ESD

ReferenESD Stagl voctum size,LST Device for Solution for submucosal0|urat|
o ng L ESD, knife.” - " . on,
ce indication[1] rIocallzatlon,mea S, 4 e[4] injection minut
%][2] n, %3 P
ted es
mm |
Zhou et >20mm Yes 57 32.6 72 Needle/ - 110
al. [8] hook /
insulated-
tip

Yoshid >20mm



Table3

Clinical characteristics of the lesions in which endoscopic submucosal dissection
(ESD) was applied.

EUS Tum Rate ESD
stagi Rate of or of Device for . durati
ReferenESD ng rectum size,LST ESD knife Solution for submucosalorl
ce indication[1] repor localization,mea s, type[,4] injection miﬁut
%][2] n, %[3
ted mm | es
aetal.
[12]
Takeuc >20mm Yes 30 28 — Flush/ flexHyaluronate 74
hi et al.
[16]
Kitaet >20mm No - 33 93 Needle Hyaluronate/epinephrine 102
al. [20]
Ishii et >20mm No 27 35 0 Flex Hyaluronate/epinephrinel1
al. [27] ndigo carmine
Tamega>20mm/submNo 24 32.7 70 Hook Hyaluronate/glycerol 61.1
i etal. ucosal fibrosis
[7]
Niimi  Neoplasia Yes 26 28.979 Flex / hookHyaluronate/indigo -
et al. carmine
[9]
Uraoka >20mm LST No 67 43.6100 Needle/ Hyaluronate/indigo 96
et al. insulated- carmine/glycerol
[15] tip/Mucose
ctom
Saito et>20mm LST No 27 40 84 Needle/ Hyaluronate/glycerol 90
al. [18] insulated-
tip
Toyona >20mm LST No 26 33 100 Flush / flexHyaluronate 63
ga et al /
[21] hook/needl|
e
Matsum>20mm/submNo - 32.4 81 Flex/ dual Hyaluronate/indigo -
oto et ucosal fibrosis / hook carmine/epinephrine
al. [10]
Ohya et >20mm/submNo - 35 - Flex/dual Hyaluronate / indigo 60
al. [11] ucosal / hook carmine / epinephrine
fibrosis/post-
EMR
Nishiya >20mm/submYes 27 26.9 80 Flush /flexGlycerol / fructose -
ma et ucosal / hook
al. [14] fibrosis/post-
EMR

Yamag Carcinoid Yes 100 7.6 O[ Flush Glycerol / fructose 45



Table3

Clinical characteristics of the lesions in which endoscopic submucosal dissection
(ESD) was applied.
Tum Rate

EUS ESD
stagi Rate of or of Device for durati
ReferenESD 9" rectum size,LST - Solution for submucosal
o ng L ESD, knife.” - " . on,
ce indication[1] repor localization,mea s, type[4] injection minut
teg (2] n, %[3 P es
mm |
uchi et 5]
al. [13]
Zhou et Carcinoid Yes 100 7.2 O] Needle Indigo 28
al. [17] 5] carmine/epinephrine
Lee et Carcinoid Yes 100 6.2 O] Hook Saline 18.9
al. [22] 5]
Ishii et Carcinoid Yes 100 6.4 Of Flex Hyaluronate/epinephrinesi7
al. [26] 5] ndigo carmine
Kuroki Post-EMR No 21 30.4 78 Flex / dual Glycerol/hyaluronate/fru&3.88
et al. tose/indigo
[25] carmine/epinephrine
lizuka - No 59 36 — Flex Hyaluronate/glycerol/indiL10
et al. go carmine/epinephrine
[24]
Toyona Neoplasia No - — 100 Flush Hyaluronate -
ga et al.
[23]
Hurlsto Neoplasia Yes 67 30.5 67 Flex/ Hyaluronate/epinephrined8
ne et al insulated- ndigo carmine
[28] tip
Probst Rectal lesionsYes 100 39.4 - Needle/ Epinephrine/glycerol/indi—
et al. insulated- go carmine/hyaluronate
[19] tip/triangle
/ flex /
hook

ESD, endoscopic submucosal dissection; EUS, engasattrasound; LST, lateral spreading
tumor.

Only carcinoids were included.

1 >20mm,>20mm neoplasia; post-EMR, recurrence/residual aftdbscopic mucosal resection.

2 Remaining lesions were located in the colon.



® Remaining lesions were non-LST (either polypoichon-LST non-polypoid).

* Hook knife, needle knife, flex knife, flush knifdual knife, insulated-tip knife, triangle knife,
Mucosectom (Pentax Co., Tokyo, Japan).

® Only carcinoids were included.

| nterventions

EUS was systematically performed in all or seleci&sks in 10 studies; the other 12 studies did not
report its use ([Table 3]). Multiple cutting devicerere used in the majority of the studies, with
flush/flex knives being consistently adopted in thest recent publications. Similarly, a mixed
solution containing either glycerol or hyaluronaigs used to inject the submucosal layer in most
of the studies. The median of the mean operatioa bf the included studies was 74 minutes (range
18.9-121 minutes); operation time was statistically gigantly shorter in the four carcinoid series
than in the other studies (86 vs. 32 minutes)P01).

Outcomes

Overall, 2841 colorectal lesions were selectedE®D in the included studies. Nearly half of all
lesions were located in the rectum, with a medizsurence of 4% (range 2%—-100%); the
remaining lesions were located in the colon ([Tadjle In particular, all of the lesions included in
the four carcinoid series were located in the mactlihe median of mean tumor size was &
(range 6.243.6mm). Tumor size was statistically significantly dlmain the four carcinoid studies
than in the other studies (7 vs.r8; P<0.001).

Table 4 Endoscopic submucosal dissection (ESD) suceebsanplications rates. Post-ESD
histology is also reported.

Table4

Endoscopic submucosal dissection (ESD) success and complications rates. Post-
ESD histology isalso reported.



Endosco

Numb RO Post-ESD pic en Eg%t Canc SubmUuco
Referencer of ESD  surgery for bloc BleedinPerforati Adeno erin
, . o surger . sal
e lesion resectiocomplicatioESD 9,% on,% ma, % situ, 0
. ) cancer, %
s,n n,% ns, % resectiony %
o Y0[1]
, Y0
Kuroki 418 92 1 98 0 2 5
et al.
[25] 43 39 13
Saito et 405 86 0 87 - 1 3
al. [18] 25 63 11
Niimi et 310 69 0 90 3 2 5
al. [9] 47 35 17
Nishiya 300 78 1 88 3 1 8
ma et al.
[14] 41 48 10
Toyonag 268 98 0 99 10 0 2
a et al.
[21] 21 63 16
Yoshida 250 81 0 87 4 2 6
et al.
[12] 45 48 7
Matsum 203 86 1 86 - 0 7
oto et al.
[10] 48 27 23
Kitaet 166 77 1 100 0 2 4
al. [20] - - -
Zhouet 74 89 1 93 1 1 8
al. [8] 57 32 4
Tamegai 71 96 0 99 10 0 1
et al. [7] 17 66 15
Takeuch 50 80 0 94 6 6 2
et al.
[16] 60 28 12
Lee etal 46 83 0 100 2 4 2
[22] 0[2] 0O[2] 0[2]
Ohya et 45 93 0 96 2 2 0
al. [11] 44 47 9
lizuka et 44 59 5 64 16 0 7
al. [24] 0 0 0
Ishiiet 33 91 0 91 0 3 3
al. [27] 36 55 9
Ishiiet 22 95 0 100 0 9 0
al. [26] 0[2] 0[2] O0[2]
Uraoka 21 100 0 100 0 0 0
et al.

[15] 38 52 10



Table4

Endoscopic submucosal dissection (ESD) success and complications rates. Post-
ESD histology isalso reported.
Endosco

Numb RO Post-ESD pic en Eg%t Canc ¢ 1 muco

Referencer of ESD  surgery for bloc BleedinPerforati Adeno erin

, . o surger . sal
e lesion resectiocomplicatioESD g,% on,% ma, % situ, 0

: ) cancer, %
s,n n,% ns,% resectiony %
o %0[1]
, Y0

Yamagu 20 90 0 100 0 0 5
chi et al.
[13] 0[2]  0[2] 0[2]
Zhouet 20 100 0 100 0 0 5
al. [17] 0[2] 0[2] 0[2]
Toyonag 16 100 0 100 0 0 0
aetal
[23] 31 44 25
Hurlston 42 74 0 79 2 12 2
eetal
[28] 95 0 2
Probstet 17 53 0 65 12 0 12
al. [19] 76 0 18

! Only for ESD failure (ie. excluding surgery for complications).

2 Only carcinoids were included.

Regarding morphology, the majority of lesions wegd's, with a median occurrence of%3

(range ®—100%). At histology, the median of adenoma, carcinamsitu, and submucosal cancer
rates across the studies weréd#l@ange 060—95%), 44% (range 00—66%), and 126 (range 26—
25%), respectively, when excluding the four carcinegdies ([Table 4]).

Risk of biasin individual studies

Potential risk of bias in individual studies is ogfgd in [Table5] (online only). All but four studies
clearly reported the selection criteria. The refesestandard (histology) was likely to correctly
classify the target condition @. RO resection) in all of the studies, despitepéutologist being
aware of the results from the index test.(ESD resection). The time period between the BSD
post-ESD fixation of the specimen and histologasdessment was short enough in all studies to
exclude the possibility of disease progressioméinterim. As shown in [Tabéb] (online only)



the majority of the studies reported data on wilndils due to technical failures, as well as ample
information to enable replication of the procedoyeothers.

Table e5Assessment of the risk of bias in individual sasdi
Table e5

Assessment of therisk of biasin individual studies.
Included studies
12345678910111213141516171819202122

1.Was the spectrum of patients YYYYYYYYYY Y Y YYYYYYYYYY
representative of the patients who
will receive the test in practice?

2.Were selection criteriaclearly YYNYYYYYYY Y Y Y Y Y YNNY Y YN
described?

3.Is the reference standard likelytoY Y Y Y YYYYYY Y Y Y Y Y Y Y Y Y Y YY
correctly classify the target

condition?

4.Is the time period between YYYYYYYYYYYYYYYYYYYYYY
reference standard and index test

short enough to be reasonably sure

that the target condition did not

change between the two tests?

5.Did the whole sampleorarandoM Y YYYYYYYY Y Y Y Y Y Y Y Y Y Y YY
selection of the sample, receive

verification using a reference

standard of diagnosis?

6.Did patients receivethesame YYYYYYYYYY Y Y YYYYYYYYYY
reference standard regardless of the

index test result?

7.Was the reference standard YYYYYYYYYYYYYYYYYYYYYY
independent of the index test.ithe

index test did not form part of the

reference standard?

8.Was the execution of the indextestY Y Y YYYYYY Y Y Y Y Y Y Y Y Y Y Y Y
described in sufficient detail to

permit replication of the test?

9.Was the execution of the referendY Y YYYYYYY Y Y Y Y Y Y Y Y Y Y Y Y
standard described in sufficient de

to permit its replication?

10.Were the index test results YYYYYYYYYYYYYYYYYYYYYY
interpreted without knowledge of the

results of the reference standard?

11.Were the reference standard NNNNNNNNNN NN NNNNNNNNNN
results interpreted without

knowledge of the results of the index

test?

12 Were the sameclinicaldata YYYYYYYYYYYYYYYYYYYYYY
available when test results were

Potential bias



Table e5

Assessment of therisk of biasin individual studies.
Included studies
12345678910111213141516171819202122

interpreted as would be available

when the test is used in practice?

13.Were withdrawals fromthe stud¥ YYYYYYNYY Y Y Y Y Y Y Y Y NY Y Y
explained?

Potential bias

N, no; Y, yes.

Synthesis of results
The results of the included individual studies @an@vided in [Table4].
RO ESD resection rate

A histologically verified complete RO resection vaahieved in 2395 of 2841 lesions in which ESD
was attempted. The per-lesion summary estimatéatRection rate was 88 (95%CI| 82%—

92%), as shown in [Fi@a]. Inter-study heterogeneity’was 9246 ([Fig.2a]). At meta-regression,
carcinoid vs. non-carcinoid series (R(»9%s. 8®6; P=0.04) and Asian vs. European series (RO
88% vs. 69%0; P =0.03) appeared to explain the detected heterogerdie Egger’s test was not
significant (coefficiert0.09; 9946CI —0.1 to 40.3; P=0.4); the corresponding funnel plot is shown
in [Fig.e3a] (online only).
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(ESD) resection. b Surgery for ESD complications.

Surgery for ESD complications

A surgical intervention following an ESD-relatechgglication (either perforation or bleeding)
occured in 18 cases (perforation in all cases).prdesion summary estimate of surgery wés 1
(95%CI 0%—1%), as shown in [Fi@b]. Inter-study heterogeneity’(lwas 4®%. When excluding
the only study in which a relatively high rate afgery was reported [24], only a low degree of
heterogeneity remained’ (£14%). No variable at meta-regression was able toagxphe residual
degree of heterogeneity. The Egger’s test wasfagnt (coefficientE—3; 95%CI —4.8 to -1.6;
P=0.002); the corresponding funnel is shown in [ERlp] (online only).

Secondary end-points

An endoscopically complete ESD-resectioe.(epparently complete en bloc resection at
endoscopy, irrespective of histology) was achiene2b03 of 2841 lesions in which ESD was
attempted. The per-lesion summary estimate ofaf¢emdoscopically complete resection wag®©6
(95%CI 91%—98%), as shown in [Figia]. A high degree of heterogeneity was presént94%).



Post-ESD surgery due to therapeutic failure. @xcluding surgery for complications) occurred in
77 cases. The per-lesion summary estimate Wa$%%Cl 1%—-4%), as shown in [Figib]. A
high degree of heterogeneity was preseémt§0%).
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Fig.4 Forest plot of the included studies analyzingadary end-points of the systematic review.
a Rate of endoscopically complete endoscopic subsalclissection (ESD) resection. b Post-ESD
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surgery for therapeutic failure €. excluding surgery for ESD complication).

Bleeding and perforations were cumulatively repbrte47 and 135 cases, respectively,
corresponding to per-lesion summary estimate6{25%CI 1%—2%:; I’=69%:; [Fig.5a]) and
4% (95%CI 4%—6%; [=45%:; [Fig.5b]), respectively. Of note, no case of mortakigher directly
or indirectly related to ESD, was reported in ahthe included series.
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Fig.5 Forest plot of the secondary end-points of inetlistudies. a Rate of bleeding after
endoscopic submucosal dissection. b Perforaticegspectively of whether the subsequent therapy
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was surgical or conservativieost-ESD follow-up

Overall, 13 series including 1397 RO ESD resectmosided information on post-ESD follow-up
([Table6]). Median follow-up across the series was 22 meiitange 643 months). Only one case
of recurrence was reported, corresponding to agooagk of 0.0%6 (95%CI1 0%—-0.2%).

Table 6 Follow-up data after endoscopic submucosal digse(ESD). Post-ESD recurrence rate
limited to RO ESD-resected lesions is reported.

Tableb

Follow-up data after endoscopic submucosal dissection (ESD). Post-ESD
recurrencerate limited to RO ESD-resected lesionsisreported.

RO resection, Post-ESD follow-up Post-ESD recurrence in RO ESD
Reference n duration, months resection, %
Tamegai et al. [7] 68 12 0
Zhou et al. [8] 66 14 0
Niimi et al. [9] 213 31 0
Yamaguchi et al.
[13] 18 19 0
Nishiyama et al.
[14] 234 34 0
Zhou et al. [17] 20 43 0
Probstetal. [19] 9 16 0
Toyonaga et al.
[21] 263 30 0
Lee et al. [22] 38 13 0
Kuroki et al. [25] 386 13 0.3
Ishii et al. [26] 21 30 0
Ishii et al. [27] 30 20 0
Hurlstone et al.
[28] 31 6 0
Discussion

Our analysis showed that ESD is an extremely eWfeqrocedure for removing colorectal
neoplastic lesions, with an RO resection beingeaad in 8846 of the lesions. Our estimate was
based on nearly 3000 colorectal ESD resections;iwisimore than the previous analysis which
included approximately 1000 lesions [32] [33]. Désphe retrospective nature of most of the
included series, the strength and independendeeaddopted reference standaedhistologically
verified RO resectionmay be expected to minimize the potential riskeafatl bias. This was
indirectly confirmed by the virtually null risk gfost-RO-ESD recurrence in the included studies
that provided a post-ESD follow-ufphe high efficacy of ESD was notable considerirg th
demanding setting in which it was achieved: with éxception of a few series in which only small
rectal carcinoids were selected, most of the ES&® \performed for colorectal lesions of size
>20mm or post-EMR recurrences, in which no endoscalpgnative for en bloc resection is
available. EMR is unlikely to achieve an RO res@tin these cases, and a piecemeal EMR
resection results into a high rate of post-EMR remce and in some degree of uncertainty in the



histological assessment of the RO resection [88puld be argued that as submucosal cancer
occurred in only 1% of the collected cases, ESD was mainly applidzetugn lesions that are
potentially treatable by piecemeal resection. H@®venon-invasive cancer was already present in
44% of the ESD-resected lesions, raising concern teerelatively high risk of recurrence
following piecemeal removal. It could also be amjtigat RO-ESD removal of a submucosal cancer
does not necessarily represent a radical treatmwéhtadditional surgery being recommended in
cases of histological risk factors, such as pofemintiation, lymphovascular infiltration or
infiltration deeper than sm1 [4]. According to @malysis, however, additional surgery following
ESD occurred in only % of the cases, most of them presumably due toréadf RO resection

rather than to further surgery in RO-removed higk-tesions.

Nearly half of the ESDs were performed for reatsidns. This is probably justified by the higher
feasibility of ESD in the rectum due to rectal amay compared with the colon. A potential
competitor for ESD in this setting is transanal @swbpic microsurgery (TEM). In fact, the main
indication for TEM is sessile adenomas and — &sadr extent — T1 rectal cancer [34]. Despite the
lack of direct comparison between ESD and TEM,evipus systematic review of 1857 TEM
procedures showed ¥incomplete excision after TEM for sessile adengmesulting into a 4%
recurrence rate [34]. According to our data, ESBgares favorably with TEM in terms of both
complete excision and recurrence rate. Of notedata would represent a worst-case scenario for
rectal ESD, as it was impossible to separate dettaden rectal and colon ESD, with the latter
probably diluting the higher RO resection rate aghble by rectal ESD. On the other hand, TEM
series on T1 rectal cancer provide extensive datancological end-points, as well as on pre-
operative EUS and post-surgical staging [34], wlatthe present time are lacking in ESD series.
TEM has also been reported as a successful appfaasélected cases of T2 rectal lesions
following chemoradiotherapy, as this approach atlogsection of the whole rectal wall including
some peri-rectal fat [34]. In view of these dat&8[Eand TEM should be considered competitors or
alternatives in terms of indications and outcomly onthose lesions with malignant infiltration
limited to the smIFor this reason, cohorts of T1 rectal cancer pttigrated by ESD under a
rigorous surveillance protocol are needed, in otd@ompare the long-term oncological results of
this technique with those of TEM.

Our analysis also showed an adequate safety pfofilelorectal ESD. The risk of post-ESD
complication-related surgeryoecurring in P46 of the caseswas negligible when compared with
the high efficacy of this procedure. The outcom#&rdery for complications” rather than the overall
rate of complications was chosen as a primary aenadtm the present analysis for several reasons.
In the same way that histological verification sed for efficacy assessment, a robust and
independent reference standard was required tomzeithe potential risk of publication or recall
bias: a surgical intervention is unlikely to hawang unrecorded. Secondly, when passing from an
EMR to an ESD procedure, a higher risk of both tileg and perforation is unavoidable due to the
intrinsic aggressiveness of ESD on the bowel wdlwever, if such a risk is almost completely
compensated for by an improvement in the endosdogatment of the ESD-associated
complication, the safety profile may still be catesied adequate. According to our analysis, a
cumulative risk of 86 between bleeding and perforation was reducedlé aisk of complication-
related surgery due to the endoscopic efficachéntteatment of ESD-related complications.
Thirdly, nearly half of the lesions treated by E®Bre located in the rectum. Because of the extra-
peritoneal localization of two-thirds of the rectumost perforations are usually treated
conservatively, minimizing the clinical impact ¢fet complication. Fourthly, when considering that,
without the option of performing ESD, at least sdesons would have been immediately treated
by surgery, the use of ESD would allow surgeryeaaboided in the majority of cases even when
the low risk of post-complication surgery is taketo account.



There are limitations to the present analysis. Alenate/high degree of heterogeneity was present
in the estimates. This may be due to factors rélat¢he study design and the ESD feasibility.
Regarding study design, not only were most of thigipations retrospective, but they also
embraced very long enrollment periods, so thaffardnt mix of learning curve and post-training
experience was likely to occur in the differentegrRegarding ESD feasibility, there is poor
standardization of the colorectal ESD techniquahabwe cannot exclude the possibility that the
different technical approaches may have preventa@ imomogeneous study results. Moreover, we
included both Japanese and European series, ddspiteuch heavier contribution of Asian
endoscopists to the ESD literature (particulartydarly gastric cancer treatment), which
substantially contributed to the detected hetereigrnas shown by the meta-regression. Similarly,
the inclusion of both carcinoid and non-carcina@des was shown to reduce the sample
homogeneity, because of the higher ESD feasildditysmall rectal carcinoids compared with large
LST lesions in the remaining colon. Publicationsbizas also detected in the estimates of post-ESD
surgery for complications. This was not surprisijiden that most of the series were retrospective;
this underlines the need for new large prospe&®SP series. Most of the included studies reported
on the Japanese differentiation between high gigdplasia and intramucosal cancer, which is no
longer accepted by Western pathologists. HoweVieof ¢he studies also reported the distinction
between intra- and submucosal cancer, providinfpumity of interpretation between the two
different cultural approaches. The individual sasdilid not separately report data on efficacy
according to the histological subtype (low and hgghde adenoma, submucosal cancer). Therefore,
we cannot exclude lower rates of RO resection inenadvanced histological lesions that are
potentially more difficult to treat. Finally, theSb technique has not yet been standardized, with a
wide variety of different cutting devices, accessgrtraining periods, and learning curves, so that
appropriate technical guidelines may be needed.

In conclusion, this systematic review providedakele estimates of the efficacy and safety of
colorectal ESD in nearly 3000 lesions using rolaunst independent reference standards. Colorectal
ESD appeared to be a very effective and safe puvegdt least in expert hands, for lesions
otherwise difficult to be radically treated withase-based endoscopic resection techniques. Better
ESD standardization and a more widespread andmsgiiteimplementation in Western countries
are required.
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