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vestigating the efficacy of endoscopic treatments for the management of 6-20 mm nonpedunculated col-
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Resection Results: Fourteen RCTs (5219 polypectomies) were included. Endoscopic mucosal resection(EMR) signif-
Polyp icantly outperformed cold snare polypectomy(CSP) in terms of complete [(RR 95%Cl): 1.04(1.00-1.07)]
Meta-analysis and en bloc resection rate [RR:1.12(1.04-1.21)]. EMR was superior to hot snare polypectomy (HSP)
gs;;;‘:sg’;i” [RR:1.04(1.00-1.08)] regarding complete resection, while underwater EMR (U-EMR) achieved significantly

higher rate of en bloc resection compared to CSP [RR:1.15(1.01-1.30)]. EMR yielded the highest ranking
for complete resection(SUCRA-score 0.81), followed by cold-snare EMR(CS-EMR,SUCRA-score 0.76). None
of the modalities was different regarding adverse event rate compared to CSP, however EMR and CS-EMR
resulted in fewer adverse events compared to HSP [RR:0.44(0.26-0.77) and 0.43(0.21-0.87),respectively].
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Conclusion:
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EMR achieved the highest performance in resecting 6-20 mm nonpedunculated colorectal

polyps, with this effect being consistent for polyps 6-9 and >10 mm,; findings supported by very low

quality of evidence.

© 2022 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Endoscopic resection of colorectal adenomas during
colonoscopy reduces both incidence and colorectal cancer-related
mortality [1]. Beyond any doubt, cold snare polypectomy (CSP)
is the optimal technique for removing diminutive polyps (size
< 5 mm), as endorsed in the current European Society of Gas-
trointestinal Endoscopy (ESGE) guidelines. Nonetheless, evidence
on the efficacy of various endoscopic techniques available for the
resection of lesions >5 mm remain scant [2]. Cold snaring achieves
comparable efficacy to hot snaring for lesions < 10 mm [3]; still,
data evaluating its efficacy also for lesions 10-20 mm in size are
limited [4]. On the other hand, hot snare polypectomy (HSP) may
be considered alternatively to CSP, given its comparable efficacy in
terms of complete resection and polyp retrieval rates [5], however
both techniques are far from being perfect, namely due to the
various incomplete polyp resection rates reported (10-61%) [6].
To make things even more conflicting, it remains unclear whether
submucosal space expansion - the fundamental step in endoscopic
mucosal resection (EMR) - indeed improves complete resection
and at which cut-off polyp size it should be conducted [7,8].
To the best of our knowledge, there is only a single traditional
pairwise meta-analysis on this issue showing similar complete
resection rate between HSP and CSP, however the presence of
heterogeneity and lack of evaluation of this specific setting for
larger polyps are points that attract criticism [5]. In this context,
we conducted a network meta-analysis that can address the
comparative effectiveness of multiple interventions and synthesize
data from individual randomized-controlled trials (RCTs), aiming to
compare the efficacy and safety of different endoscopic techniques
for the management of patients with 6-20 mm nonpedunculated
colorectal polyps.

2. Materials and methods
2.1. Protocol registration

This systematic review and network meta-analysis was per-
formed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses for Network Meta-Analyses (PRISMA-
NMA) recommendations [9] (available at Supplementary Table 1)
and an a priori established protocol available at the International
Prospective Register of Systematic Reviews (PROSPERO; registration
number (CRD42022307165).

2.2. Selection criteria

The PICO statement was applied to define selection criteria;
Patients: adults (age >18 years) undergoing colonoscopy for re-
moval of 6-20 mm nonpedunculated colorectal polyp(s); Interven-
tion: endoscopic techniques for non-pedunculated colorectal polyp
removal including endoscopic mucosal resection (EMR), cold (CSP)
or hot snare polypectomy (HSP), cold (C-EMR) or underwater EMR
(U-EMR); Comparator: any of the aforementioned methods; Out-
comes: primary outcomes was complete and en bloc resection
rate, while the incidence of adverse events (i.e. bleeding, perfora-
tion) comprised the secondary outcome. Only prospective, parallel-
group, randomized controlled trials, published in the English lan-
guage were considered eligible for inclusion, while all other types
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of publications i.e. observational, feasibility or pilot studies, meta-
analysis, editorials, narrative reviews, case reports/series were ex-
cluded.

2.3. Search strategy

A comprehensive computerized literature search was per-
formed in PubMed/Medline database to identify eligible articles
published from each database inception to March 2022. The search
strategy (available at Supplementary Table 2) was performed
including the free text terms “colorectal”, “polyp”, “endoscopic
resection”, “random*” both as medical subject headings (MeSH)
and free-text terms combined with the Boolean set operator
‘AND’. Two investigators (GT and AP) independently performed
the search. Duplicates were removed followed by title and abstract
evaluation of all search results for eligibility by three reviewers
(GT, AP and PG). Predesigned electronic forms were used to
assess eligibility for each selected article, while any disagree-
ment was settled by discussion and consensus. Reference lists
of all eligible studies and previous publications reporting on
this issue were hand-searched as well, to identify potentially
eligible studies missed during the first search. When multiple
articles for a single population was available, we used the latest
and more complete version. When data were not available, the
corresponding author was reached via email to provide further
information.

2.4. Data extraction and quality assessment

Data of interest from the individual studies were extracted
within a Microsoft Excel spreadsheet (XP professional edition; Mi-
crosoft, Redmond, WA) by three authors independently (GT, AP,
PG). These included: first author‘s name, year of publication, coun-
try, number of centers, number of participants, age/sex of patients,
characteristics of polyps (size and location), type of endoscopic
technique used, number of polyps resected with each technique re-
spectively, adenoma definition (i.e. conventional or sessile serrated
adenoma - SSA/P), and adverse events including bleeding and per-
foration. Cochrane collaboration’s assessment tool was used to as-
sess risk of bias within individual studies [10].

2.5. Data synthesis and statistical analysis

All outcomes were assessed by direct meta-analyses to estimate
risk ratio (RR) and 95% confidence intervals (CI). Random-effects
model (DerSimonian and Laird method) was used for analysis of
outcomes to allow a more conservative estimate of the measured
effect [11]. Heterogeneity was assessed using the I? statistic, with
values exceeding 50% showing presence of significant heterogene-
ity, while small study effects were assessed by examining funnel
plot asymmetry [12]. All direct analyses were carried out at Review
Manager 5.3 (The Nordic Cochrane centre, The Cochrane Collabora-
tion, Copenhagen, Denmark). Subsequently, network meta-analyses
was undertaken both for primary and secondary outcomes, us-
ing a multivariate random-effects meta-regression [13]. A frequen-
tist approach was implemented based on a random-effects con-
sistency model to allow a point estimate from the network along
with 95% CI from the frequency distribution of the estimate. One
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predefined sensitivity analyses was conducted to assess the ro-
bustness of findings for the primary outcome of the study, by re-
peating the network analysis dividing polyps into two different
sizes (6-9 mm vs. >10 mm). In all analyses we undertook, the
denominator was based on an intention-to-treat analysis as pre-
sented in each study. The surface under the cumulative ranking
(SUCRA) curve method was used to estimate the relative ranking
of the interventions for achieving the primary and secondary out-
comes. SUCRA values range between 0, when a treatment is cer-
tainly the worst, and 1, when a treatment is certainly the optimal
[14]. Consequently, higher scores result in higher ranking for suc-
cessful polyp removal or AE prevention. R package netmeta (Foun-
dation for Statistical Computing, Vienna, Austria) was used for all
network meta-analysis. Data for single adverse events were esti-
mated by included trials and pooled rates (95% CI) were reported.

2.6. Quality of evidence assessment

Grading of Recommendations Assessment, Development and
Evaluation (GRADE) framework was used to evaluate the quality of
evidence both from pairwise and network meta-analysis [15]. In-
consistency, risk of bias, indirectness, imprecision and risk of bias
was judged by two researchers (GT and PG), independently for an
overall quality as very low, low or moderate using the GRADEpro
tool (GRADE Working Group) [16].

3. Results
3.1. Study selection

After initial identification of 744 relevant citations by the elec-
tronic literature search, 14 RCTs [17-30] finally met inclusion crite-
ria and were enrolled in the systematic review and network meta-
analysis. Overall, five different treatment strategies were evaluated
(endoscopic mucosal resection — EMR, cold snare polypectomy -
CSP, cold snare EMR - CS-EMR, hot snare polypectomy - HSP and
underwater EMR - U-EMR, with a detailed overview of endoscopic
resection techniques according to each study available at Supple-
mentary Table 3). Studies’ selection flowchart and available direct
comparisons and network graph of trials are illustrated in Figs. 1
and 2, respectively.

3.2. Characteristics of included studies

Table 1 summarizes the basic characteristics of studies in-
cluded in the analysis. Overall, the fourteen studies enrolled
3881 participants and analyzed outcomes from 5219 colorectal
polyps’ resections. Eleven RCTs were two-arm controlled trials,
and five of them compared hot snare polypectomy vs. cold snare
polypectomy [18,25,27-29], three hot snare polypectomy vs. en-
doscopic mucosal resection [17,19,26], one cold snare endoscopic
mucosal resection vs. endoscopic mucosal resection [20], one cold
snare polypectomy vs. endoscopic mucosal resection [21] and one
underwater endoscopic mucosal resection vs. endoscopic mucosal
resection [22]. There were also two 3-arm trials comparing cold
snare polypectomy vs. cold snare endoscopic mucosal resection
vs. endoscopic mucosal resection [23] and another comparing
cold snare polypectomy vs. endoscopic mucosal resection vs.
underwater endoscopic mucosal resection [24]. Finally, there was
also a 4-arm trial that compared cold snare polypectomy vs. cold
snare endoscopic mucosal resection vs. hot snare polypectomy vs.
endoscopic mucosal resection [30]. Of note, 9 RCTs [18-21,25-29]
provided data for polyps <10 mm. Complete resection rate and
adverse events rate were reported in all studies, while en bloc
resection (outcome definitions as provided in each study are
summarized in Supplementary Table 3) could not be retrieved for
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three studies [20,26,27]. Patients’ baseline characteristics (sex/age)
and treatment-related features were evenly distributed between
the active and comparator groups and across different trials
(Table 1). Recruitment period ranged from 2013 to 2021 and the
mean patient age was between 51.6 and 70 years.

3.3. Methodological quality and risk of bias

Overall risk of bias and quality at study-level assessments are
presented in Supplementary Fig. 1A and B, respectively. Endo-
scopists were not blinded to intervention - implementation of a
different resection technique - in none of the studies, rendering all
of them susceptible to high risk of both performance and detection
bias.

3.4. Primary outcomes

3.4.1. Complete resection rate

3.4.1.1. Pairwise meta-analysis. Regarding head-to-head compar-
isons between interventions under investigation, no statistically
significant difference was found (Supplementary Fig. 2).

3.4.1.2. Network meta-analysis. Table 2 summarizes findings on the
comparative efficacy of different methods and the comparative
rates of adverse events. Among all available modalities, only EMR
significantly outperformed CSP in terms of complete resection rate
[RR 1.04 (1.00-1.07), Fig. 3A]. EMR was also found to be signif-
icantly superior to HSP [RR 1.04 (1.00-1.08), Table 2], when re-
maining methods were compared. Consequently, EMR achieved the
highest ranking for complete resection (SUCRA-score 0.81), fol-
lowed by CS-EMR (SUCRA-score 0.76, Table 3).

3.4.2. En bloc resection rate

3.4.2.3. Pairwise meta-analysis. Based on data from 2 RCTs [22,24]
(476 polypectomies), U-EMR was significantly superior to EMR in
terms of en bloc resection [RR 1.22; 1.09-1.36, p = 0.0005; Supple-
mentary Fig. 3]. Regarding head-to-head comparisons between all
the other interventions under investigation, no statistically signifi-
cant difference was found (Supplementary Fig. 3).

3.4.2.4. Network meta-analysis. Regarding en bloc resection rate,
EMR as well as U-EMR significantly outperformed CSP [RR
112 (1.04-1.21) and 1.15 (1.01-1.30), respectively, Fig. 3B]. How-
ever, comparisons among distinct adjunctive modalities, failed to
demonstrate superiority of one method over the others (Table 2).
Contrary to previous results, U-EMR was now the highest ranking
modality for en bloc resection (SUCRA-score 0.86), followed by EMR
(SUCRA-score 0.83, Table 3).

3.4.3. Analysis per polyp size

3.4.3.5. Polyps sized 6-9 mm. During the sensitivity analysis for
polyps sized 6-9 mm, EMR outperformed both CSP and HSP [RR
1.08 (1.02-1.14), but not CS-EMR [RR 0.96 (0.8-1.05), Supplemen-
tary Table 4]. Treatment ranking was confirmed with EMR (SUCRA-
score 0.93) having the higher probability to be the optimal treat-
ment in this setting (Supplementary Table 5). As far as en bloc re-
section rate is concerned, none of the aforementioned treatments
was found superior to others (Supplementary Table 4). Treatment
ranking was the highest for EMR (SUCRA-score 0.96, Supplemen-
tary Table 5) for this subset of lesions.

3.4.4. Polyps sized >10 mm

When data from polyps >10 mm were analyzed, only HSP sig-
nificantly outperformed CSP in terms of complete resection rate
[RR 0.52 (0.41-0.66), Supplementary Table 6]. Of note, all other
treatments significantly outperformed HSP, with RRs ranging from
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Potentially relevant studies identified by

database searches (n=744)

Identification

Excluded because title and abstract not
appropriate / duplicates removed (n=719)

Screening

Full text studies assessed for eligibility (n = 25)

ility

]

Full text articles excluded with reasons (n=11) :
. Not available data (n=11)

El

RCTs included in the meta-analysis (n = 14)

Fig. 1. Study flowchart.

B

CS-EMR .CSEMR
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‘HSP HSP

CSP,

EMR EMR

Fig. 2. Network graph of included trials for a) complete resection rate and (b) en bloc resection rate. Size of nodes and thickness of the edges are weighted according to the
number of studies evaluating each treatment and direct comparison, respectively.

H

Comparison: othervs ‘CSP" Comparison: othervs 'CSP* Comparison: other vs ‘CSP*

Treatment  (Random Effects Model) RR 95%-CI Treatment  (Random Effects Model) RR 95%-C1 Treatment  (Random Effects Model) RR 95%-ClI
CS-EMR 1.04 [1.00;1.08) CS-EMR — 1.04 [0.83; 1.18] CS-EMR - 082 [033; 1.19]
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EMR ———  1.04 [1.01:108] EMR ——  112[1.04121] EMR —_—1 085 [039; 1.08)
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U-EMR —'—.— 1.03 [0.98:1.10] [ ] —a [f ]

1 08 125 05 2

Fig. 3. Forest plots with estimates from network meta-analysis assessing (a) complete resection rate; (b) en bloc resection rate; (c) adverse event rate. Cold snare polypectomy
was used as reference.
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Table 1
Characteristics of included studies.
N  Author, year Country Study design  Recruitment Pts Max polyp Resection Polyps Age [mean +  Sex, female; Lesion Size Adverse
period diameter  techniques resected SD, median n (%) [mean + SD, Events
(mm) (range)] median (range)]
1  Horiuchi Japan Single center 2013-2014 104 25 EMR 51 68.3 +£ 9.8 41 (39.4) 14.8 + 4.1 0
et al,, 2016 parallel
[17]
HSP 51 659 + 1.1 14.7 + 4.5 0
2 Kawamura Japan Multicentre, 2015-2016 476 9 HSP 129 66 155 (32.6) 7 (6-9) 29
et al., 2017 parallel
[18]
CSp 127 65.3 7 (6-9) 16
3 Kimetal, Korea Single center 2014-2015 269 9 HSP 172 64+10 104 (38.7) 6.2 (1.3) 9
2018 [19] parallel
EMR 181 64.3 + 10.1 6.3 (1.4) 1
4  Papastergiou Greece Multicentre, 2016 155 10 CS-EMR 83 63.6 £ 10.6 64 (41.3) 8.2 (1.6) 3
et al, 2017 parallel
[20]
EMR 81 8.3 (1.4) 1
5 Zhang et al,, China Single center 2014-2016 358 9 CSP 267 64.9 + 8.7 161 (45.0) 7.4 (£ 1.4) 5
2017 [21] parallel
EMR 258 7.7 (£ 1.5) 3
6 Yamashina Japan Multicentre, 2016-2017 210 20 EMR 102 68 (42-95) 71 (33.8) 13.5 (7-25) 2
et al, 2019 parallel
[22]
U-EMR 108 70 (43-86) 14 (7-25) 3
7 Lietal, 2020 China Single center 2017-2019 404 20 CSP 244 63 + 144 168 (41.6) 11.95 + 3.35 27
[23] parallel
CS-EMR 252 51.77 + 145 12.03 + 3.36 13
EMR 267 51.59 + 144 12.22+ 3.77 14
8 Yen et al, USA Single center 2016-2018 255 19 CSP 164 n/a n/a 6-9 1
2019 [24] parallel
EMR 34 10-19 1
U-EMR 232 6-19
9 Ito et al, Japan Single center 2015-2018 119 9 CSp 175 66.8 + 12.4 41 (34.5) 7 (6-9) 3
2021 [25] cross-over
HSP 157 66.9 + 9.8 6 (6-9)
10 Kim et al,, Korea Single center 2014-2017 272 10 HSP 167 62.8 + 10.7 144 (40.4) 7.1 (1.5) 18
2020 [26] parallel
EMR 155 63+10.8 7.2 (1.6) 12
11 Varytimiadis Greece Single center 2015-2018 111 9 CSP 39 61.2 £ 10 41 (36.9) 6.4 + 0.7 n/a
et al., 2021 parallel
[27]
HSP 45 7.3 +£09
12 De Benito Spain Multicenter 2019 488 7 CSp 394 64.6 169 (34.6) 6 (5-7) 58
Sanz et al., cross-over (56.7-70.7)
2019 [28]
HSP 397 6 (5-7) 75
13 Pedersen Norway, Multicentre, 2015-2020 425 9 CSp 318 n/a n/a n/a n/a
et al, 2022 Denmark, parallel
[29] Poland
HSP 283
14 Rexet al, USA Multicentre, 2018-2021 235 15 CSP 68 66.2(9.9) 89 (37.9) 94 + 3.1 0
2022 [30] parallel
CS-EMR 82 65(8) 95+ 28 1
HSP 71 66.3(8) 10.1 £ 29 2
EMR 65 67(8.4) 10.0 + 3.1 4

CSP, cold snare polypectomy; CS-EMR, cold snare EMR; EMR, endoscopic mucosal resection; HSP, hot snare polypectomy; SD, standard deviation; U-EMR, underwater EMR.

1.33 to 2.75 (Supplementary Table 6). Finally, the treatment rank-
ing confirmed that EMR along with CS-EMR were the most effec-
tive and safest modalities for this size of polyps (SUCRA-score 0.67
and 0.66, respectively; Supplementary Table 7). A similar analysis
regarding en bloc resection was not feasible due to absence of data.

3.5. Secondary outcomes - Adverse event rate

All studies but one [29], provided data regarding adverse events
with their definitions being homogenous and including intra-
procedural/delayed bleeding, perforation and post-polypectomy
syndrome. Supplementary Table 8 presents in detail the main ad-
verse events reported in the included RCTs, while the pooled rates

of adverse events (overall, bleeding and perforation) per therapeu-
tic modality are summarized in Supplementary Table 9.

3.6. Pairwise meta-analysis

According to data from 4 RCTs [18,25,28,30] (1301 polypec-
tomies), CSP resulted in significantly fewer overall adverse events
compared to HSP (RR 0.78; 0.60-1.01, Supplementary Fig. 4), with
absence of heterogeneity (I?=0%). No difference between HSP and
EMR was found based on 4 RCTs [17,19,26,30] (847 polypectomies)
(RR 1.87, 0.62-5.57), while all remaining direct comparisons did
not detect statistically significant differences (Supplementary
Fig. 4).
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GRADE Summary of Findings reporting the comparative efficacy of different methods for removal of colorectal polyps and the comparative rates of adverse events*.

Complete resection

En bloc resection

Adverse events rate

Risk Ratio (95% CI)

Quality of Evidence

Risk Ratio (95% CI)

Quality of Evidence

Risk Ratio (95% CI)

Quality of Evidence

All treatments vs. CSP

HSP

EMR

CS-EMR

U-EMR

vs. HSP
EMR

CS-EMR

U-EMR

vs. EMR
CS-EMR

U-EMR

vs. CS-EMR
U-EMR

0.99 (0.96-1.03)

1.04 (1.00-1.07)

1.03 (0.99-1.08)

1.03 (0.97-1.09)

1.04 (1.00-1.08)

1.04 (0.99-1.09)

1.03 (0.97-1.04)

0.99 (0.95-1.03)

0.99 (0.93-1.04)

0.99 (0.93 —1.06)

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

1.04 (0.97-1.12)

1.12 (1.04-1.21)

1.03 (0.92-1.16)

1.15 (1.01-1.30)

1.07 (0.98-1.16)

0.99 (0.87-1.11)

1.09 (0.95-1.26)

0.92 (0.82-1.03)

1.02 (0.90-1.15)

1.11 (0.94-1.30)

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Low

due to indirectness
and risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

1.44 (0.91-2.26)

0.64 (0.38-1.07)

0.62 (0.32-1.18)

0.83 (0.22-3.03)

0.44 (0.26-0.77)

0.43 (0.21-0.87)

0.57 (0.15-2.17)

0.96 (0.50-1.81)

1.28 (0.36-4.48)

1.33 (0.33 —5.29)

Low

due to indirectness
and risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Low

due to indirectness
and risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

Low

due to indirectness
and risk of bias in
literature

Low

due to indirectness
and risk of bias in
literature

Very Low

due to
indirectness,
inconsistency and
risk of bias in
literature

* Quality of the evidence was rated based on GRADE methodology. RCTs of direct comparison were rated down for presence of any of the following factors - risk of bias
in literature, inconsistency, indirectness, imprecision, and publication bias. Quality of indirect estimates was initially derived from the lowest quality of first-order loops for
direct estimates contributing to the indirect estimates. Quality of the network meta-analysis was derived from quality of combination of direct and indirect estimates and
transitivity of trials. Risk ratios reaching the significance threshold are reported in bold. CSP, cold snare polypectomy; CS-EMR, cold snare EMR; EMR, endoscopic mucosal
resection; HSP, hot snare polypectomy; SD, standard deviation; U-EMR, underwater EMR.
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Table 3
SUCRA score ranking for complete, en bloc and adverse event rate.

Complete resection En bloc resection  Adverse event rate

EMR 0.81 U-EMR 0.86 CS-EMR  0.77
CS-EMR  0.76 EMR 0.83 EMR 0.77
U-EMR 0.51 CS-EMR  0.50 U-EMR 0.53
CSP 0.23 HSP 0.31 CSP 0.26
HSP 0.17 CSP 0.11 HSP 0.15

CSP, cold snare polypectomy; CS-EMR, cold snare EMR; EMR, endo-
scopic mucosal resection; HSP, hot snare polypectomy; SD, standard
deviation; U-EMR, underwater EMR.

3.7. Network meta-analysis and quality of evidence

On network meta-analysis, none of the tested therapeutic
modalities was found to significantly differ in terms of adverse
events compared to CSP (Fig. 3C). However, both EMR and CS-EMR
were associated to significantly fewer adverse event rates com-
pared to HSP [RR 0.44 (0.26-0.77) and 0.43 (0.21-0.87), respec-
tively, Table 2]. Notably, EMR and CS-EMR were deemed equiva-
lent as both reached the highest ranking (SUCRA-score 0.77), with
HSP not only showing the poorest value overall (SUCRA-score 0.15,
Table 3), but with this effect being consistent for polyps 6-9 mm
[RR 1.37 (1.02-1.84), Supplementary Table 3]. The quality of evi-
dence was judged as very low due to indirectness, inconsistency
and risk of bias in literature.

3.8. Small study effects, network coherence, and sensitivity analysis

No evidence of small study effects according to funnel plot
asymmetry (data not shown) was found, while there was no sig-
nificant difference between direct and indirect estimates in closed
loops that allowed assessment of network coherence.

4. Discussion

Several endoscopic methods are currently available in clinical
practice for the treatment of nonpedunculated colorectal polyps
sized 6-20 mm, but there are limited data on their overall and
comparative efficacy. Although current guidelines advocate the po-
tential of these methods for improving polypectomy outcomes in
this subgroup of lesions, they caution that definite recommenda-
tions on the superiority of one method over another cannot be
made [2]. In this context, our network meta-analysis and critical
evidence synthesis - implementing GRADE criteria to appraise the
quality of evidence - provides a handful of valuable insights for the
treatment of patients with lesions of this size, aiming to optimize
polypectomy outcomes along with a favorable patient safety profile
in everyday clinical practice.

The main result was that EMR involving the traditional “in-
ject and cut” method was associated with significant improvement,
compared to cold snare polypectomy in terms of complete as well
as en bloc resection rates and is also safer to perform compared to
hot snare polypectomy; however, despite the presence of a clear-
cut benefit, the overall quality of evidence supporting this notion
was deemed very low. Hence, EMR ranked highest in increasing
the success rate of complete resection (SUCRA-score 0.81) and sec-
ond to U-EMR for en bloc resection (SUCRA-score 0.83). The advent
of EMR almost three decades ago revolutionized colorectal polyps’
removal, establishing its pivotal role as the first line modality for
removing large, flat or laterally spreading adenomas [2,7]. Still, its
inverse proportional efficacy in terms of complete resection to the
size of the polyp, ranging from 2 to 30% for polyps larger than
10 mm and the high rate of recurrence, reaching as high as 20%
especially after piecemeal EMR, represent the method’s principal
caveats [31-33]. The higher complete resection rate, achieved using
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EMR compared to CSP noted in our analysis, might be attributed
to a number of potential reasons: first, submucosal injection be-
neath the lesions optimizes visualization of the lesion’s delineation
margin before resection, feature that is, perhaps, of paramount im-
portance for complete resection; second, successful elevation pre-
vents lesion slippage from the snare, and third, in the case of resid-
ual lesion escaping snare entrapment, the electrical energy applied
can improve the rate of complete resection [7,8]. Finally, the role
of a dedicated snare could be also speculated. Traditional snares
are more likely to fail cutting through captured tissue when used
for cold resection, with each attempt for re-snaring leading to in-
complete resection [34,35]. The finding that underwater EMR out-
performs the conventional method in terms of en bloc resection
rate is not novel and it is in line with that reported in a recent
pairwise meta-analysis, where underwater EMR was advantageous
compared to EMR, particularly for resection of large (=20 mm)
polyps [36]. When water fills the colon, it maintains both the mu-
cosa and sub mucosa layers contracted, preventing large lesions
to further extend but also allowing standard sized snares to grasp
large lesions. Contrariwise, submucosal injection may undermine
the resection outcome due to uneven submucosal fluid accumu-
lation beneath the lesion impeding snare capture, while excessive
submucosal expansion can lead to lesion concealment, difficulty in
scope maneuverability or lesion slippage from snare [36]. U-EMR
showed on the other hand, equivalent efficacy in terms of complete
resection compared to the other methods evaluated, perhaps due
to the fact that all studies were conducted in high-volume, refer-
ral centers by expert endoscopists that already achieve high com-
plete resection rates with conventional resection methods. Still,
this finding may regarded significant as it supports the method’s
feasibility in any given setting.

Second, on comparative evaluation among different approaches
for nonpedunculated polyps sized 6-9 mm, EMR was demon-
strated to be the only therapeutic option that consistently im-
proved polypectomy outcomes for polyps 6-9 mm, being probably
superior to other interventions. These polyps represent the pre-
dominant type of colorectal adenomas and are generally consid-
ered easy to remove during colonoscopy by means of cold snare
polypectomy, given its well-known advantages including cost-
neutrality, availability and “operator-friendly” character [37,38].
Still, performance of CSP remains somewhat suboptimal as data
suggest that incomplete resection of these lesions is relatively
common (8.5%) in daily clinical practice [21]. More ominous is per-
haps the fact that these lesions may harbor a considerably high
the rate of advanced adenoma (6.6% - 35.2%), finding that could
eventually lead to interval cancers [39]. In this regard, EMR could
form a handy alternative for endoscopists for this particular sub-
set of polyps. Still, before one could claim EMR as the resection
method of choice, there are several issues to be addressed. EMR
may be still not available in every clinical practice setting world-
wide, while its efficacy might vary according to each endoscopist's
technical proficiency. Moreover, the additional financial burden for
the healthcare system posed by the method, along with its envi-
ronmentally unfriendly character - due to the self-evident produc-
tion of more plastic waste - and inefficiency associated versus cold
snaring, are also factors that cannot be neglected [7]. Hence, fur-
ther research is warranted to delineate the relationship between
the baseline adenoma size and improvement in polypectomy out-
comes with each resection approach.

Another point that deserves attention is the fact that the tested
interventions resulted in similar risk of overall adverse events
with this finding being consistent in direct or in indirect com-
parisons, and only HSP showing the poorest value (SUCRA-score
0.15) in the ranking concerning this particular outcome. Among
the reported adverse events, bleeding was the most common,
which in most cases was self-limited or occasionally could be con-
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trolled by endoscopic means (snare tip soft coagulation and/or
by haemostatic clip placement). However, this finding should be
interpreted cautiously as adverse events were grouped and an-
alyzed as a total; thus, no separate estimates for each one is
available.

The superiority of EMR over CSP - with very low quality of
evidence - for polyps 6 to 9 mm polyps as well as for larger
lesions is the most clinical implication of our study for every-
day clinical practice. Despite that, one should be prudent before
considering extrapolating this finding uniformly in each case, as
differences between the two groups may have a different practical
aspect. Cold snaring has already become the most widely used
method for lesions 6-9 mm, that represent the most common
group of polyps, with decreasing prevalence for each increasing
size category. On the other hand, practice is probably much more
mixed for polyps >10 mm, where EMR - the optimal method
according to our analysis - may still be a technically demanding
procedure when resecting a lesion. Moreover, we should also
be cautious when interpreting the superiority of any method,
as the quality of the resection itself cannot be controlled. Some
endoscopists might perform better at one technique than another
and some might be better at performing a specific technique than
the endoscopists in a different study performing the same tech-
nique. Taking these observations into account, one might conclude
that the principal clinical implication of our analysis suggests a
greater tendency of EMR use in the >10 mm group but not in
the 6-9 mm group, where observed differences may actually fall
short to change everyday practice. “Gray” areas deserving more
data are the efficacy of each method in the resection of sessile
serrated polyps and lesions with difficultly in access i.e. ileo- cecal
valve, appendiceal orifice, or resected previously incompletely.
Hence, future adequately powered, head-to-head randomized
studies should investigate factors (histology, location, endoscopist’s
expertise level) that will allow identification of the heterogeneity
source of treatment effect and guide the optimal approach.

Several limitations related to both the network design of our
study and the design of the individual studies that merit further
discussion are to be noted. First, network meta-analyses data are
subject to misinterpretation due to the limited available head-
to-head comparisons for certain outcomes. In view of this, the
rigorous methodology applied for the analysis permits us to draw
reliable conclusions. Second, all included studies were unblinded
RCTs, a bias commonly encountered when endoscopic devices
and techniques are investigated, where blinding of the operator
is not possible, constituting them susceptible to performance and
detection biases. Thus, a decision not to include studies published
as abstracts - with additional risk of bias - along with a strict
critical appraisal of the overall quality of evidence using the stan-
dardized GRADE methodology was made to harmonize this. Third,
network meta-analyses may also lead to misinterpretation due
to conceptual heterogeneity, derived from existing differences in
participants, interventions, co-interventions/background treatment
application, and outcome assessment i.e. complete resection defi-
nition was neither uniform nor conducted according to a common
established biopsy protocol among the studies included, limiting
the comparability of trials. Fourth, it was not possible to adjust
our analysis for center-, endoscopist- (i.e. as endoscopist's level of
expertise, resection time) or lesion-related data (a per histology
analysis for serrated lesions), as we did not have access to the
individual data sets. Finally, one might consider that some tech-
niques as the U-EMR have not been incorporated as mainstream
technique in daily practice, yet.

In conclusion, this is the first systematic review and network
meta-analysis to assess efficacy of available methods for resect-
ing non-pedunculated colorectal polyps sized 6-20 mm. Based on
a very low level of evidence according to the GRADE methodol-
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ogy, EMR seems to have an advantage over other endoscopy re-
section techniques, such as CSP or HSP, for improving the principal
polypectomy outcomes. Larger pragmatic trials comparing different
techniques and estimating their impact on reducing risk of interval
colorectal cancer are warranted.
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