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Abstract

BACKGROUND

Complete polyp resection is the main goal of endoscopic removal of large colonic
polyps. Resection techniques have evolved in recent years and endoscopic submucosal
dissection (ESD), endoscopic mucosal resection (EMR) with margin ablation, cold snare
polypectomy (CSP), cold EMR, and underwater EMR have been introduced. Yet,
efficacy of these techniques with regard to local recurrence rates (LRRs) vs traditional

hot snare polypectomy and standard EMR remains unclear.

AIM

To analyze LRR of large colonic polyps in a systematic review and meta-analysis.

METHODS

MEDLINE, EMBASE, EBM Reviews, and CINAHL were searched for prospective
studies reporting LRR or incomplete resection rate (IRR) after colonic polypectomy of
polyps 210 mm, published between January 2011 and July 2021. Primary outcome was
LRR for polyps 210 mm.

RESULTS




6928 publications were identified, of which 34 prospective studies were included. LRR
for polyps 210 mm at up to 12 mo’ follow-up was 11.0% (95%CI, 7.1%-14.8%; 15 studies;
4904 polyps). ESD (1.7%; 95%CI, 0%-3.4%; 3 studies, 221 polyps) and EMR with margin
ablation (3.3%; 95%ClI, 2.2%-4.5%; 2 studies, 947 polyps) significantly reduced LRR vs
standard EMR without (15.2%; 95%CI, 12.5%-18.0%; 4 studies, 650 polyps) or with
unsystematic margin ablation (16.5%; 95%CI, 15.2%-17.8%; 6 studies, 3031 polyps).

CONCLUSION

LRR is significantly lower after ESD or EMR with routine margin ablation; thus, these
techniques should be considered standard for endoscopic removal of large colorectal
polyps. Other techniques, such as CSP, cold EMR, and underwater EMR require further
evaluation in prospective studies before their routine implementation in clinical practice

can be recommended.
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Core Tip: Complete polyp resection is the main goal of endoscopic removal of large
colonic polyps. Resection techniques have evolved in recent years and endoscopic
submucosal dissection (ESD), endoscopic mucosal resection (EMR) with margin
ablation, cold snare polypectomy (CSP), cold EMR, and underwater EMR have been
introduced. Yet, efficacy of these techniques with regard to local recurrence rates (LRRs)
vs traditional hot snare polypectomy and standard EMR remains unclear. We aimed to

analyze LRR of large colonic polyps in a systematic review and meta- analysis.




INTRODUCTION

Complete endoscopic polyp removal is especially important for large colorectal polyps
in order to prevent local polyp recurrence and progression to colorectal cancer.l']
Evidence is growing that polyp removal is frequently incomplete, putting patients at
risk of developing post-colonoscopy cancer.?-l A meta-analysis published in 2020
found that after snare resection, 15.9% of diminutive and small polyps and 20.8% of
polyps 10-19 mm are removed incompletely.l5! For polyps 20 mm or larger, a meta-
analysis published in 2014 demonstrated a recurrence rate of 15% after endoscopic
mucosal resection (EMR). 6]

In recent years, different techniques for endoscopic resection of large colorectal
polyps have evolved or been developed. Cold snare polypectomy (CSP) has been
introduced and its use expanded to include the removal of large colorectal polyps.l!
Endoscopic submucosal dissection (ESD) has gained traction in Western countries and
EMR has undergone technical modifications by introducing margin ablation or
underwater EMR.[89]

These developments have sparked our interest in providing an up-to-date meta-
analysis of local recurrence rates (LRRs) and incomplete resection rates (IRRs) for large
(210 mm) colorectal polyps, and to evaluate the impact of the novel or modified

endoscopic resection techniques on LRRs.

MATERIALS AND METHODS

The analysis was conducted adhering to the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) statement.[10]
Literature search
A systematic literature search was performed within MEDLINE, EMBASE, EBM
Reviews, and CINAHL databases. All articles published between January 2011 and July
2021 reporting on IRR and/or LRR for colorectal polyps 10 mm or larger removed by

endoscopic resection techniques were included in the search. For specific search terms,




see Supplementary Table 1. Additionally, a secondary search was performed to identify
further records using article reference crosscheck, manual searching, and expert contact.
Article selection

Articles retrieved by the systematic search were collected and duplicates
removed. Two researchers (C.R. and M.T.) assessed all articles iﬁependenﬂy and
decided upon inclusion and exclusion. In cases of disagreement, a third researcher
(D.vR.) was consulted.

Inclusion criteria were full-text articles of prospectively performed clinical
studies reporting on either LRR or IRR evaluated by margin assessment or margin
biopsy of endoscopically removed polyps 210 mm. Even though often of larger sample
size, publications with retrospective study design were excluded from the analysis, as
risk for selection bias and risk for missed data is usually higher.

Exclusion criteria were retrospective study design, polyps <10 mm, IRR
evaluated by visual margin assessment, data from first follow-up that exceeded 12 mo,
publications solely evaluating difficult polypectomies, publication languages other than
English, articles reporting on training of a certain technique, and articles in which

results from different polypectomy techniques were not clearly distinguishable.

Data extraction

Relevant data retrieved from the evaluated study included author, year of
publication, country, study type, study quality, polyp size, polyp morphology, polyp
histology, polyp resection method and adjunct therapy, LRR, IRR, IRR assessment
method, submucosal injection rate and solution, en bloc resection rate, and endoscopist
number and experience level. For analyses, polyps were subdivided according to size:
10-19 mm, 220 mm (not including polyps <20 mm), and all polyps =10 mm (including
polyps =20 mm). Data were retrieved by one author (C.R.) and correct retrieval

confirmed by a second author (R.D.).




Outcomes

Primary outcome was LRR for polyps 210 mm. Local recurrence was defined as
the presence of recurrent polyp at the resection site, detected during follow-up
examination. Publications, in which the appointments for follow-up examinations
exceeded 12 mo between the different patients, were excluded from the analysis.
Secondary outcomes were IRR evaluated by either margin assessment or margin biopsy
for polyps 210 mm, as well as factors influencing LRR and IRR, including polyp
resection technique (hot snare polypectomy [HSP], CSP, hot and cold EMR, underwater
EMR, ESD), adjunct therapy, margin assessment method, submucosal injection status,
polyp size, polyp morphology and histology, endoscopist experience and number of
endoscopists involved. IRR assessment method was defined as (1) biopsy from the
resection margin (=“margin biopsy”), (2) histologic assessment of polyp margin (=
“margin assessment”), (3) en bloc resection and histologic assessment of polyp margin
(= “en bloc and margin assessment”). Endoscopist experience was defined as (1) less
experienced for EMR, when a fellow was included in the study or <2000 colonoscopies
had been performed by the endoscopist; (2) experienced for EMR, when only expert
endoscopists (>2000 colonoscopies) were involved; (3) less experienced for ESD, when
fellows for ESD (<200 cases) were included in the study; and (4) experts for ESD (>200

cases).

Quality assessment and publication bias

Study quality was assessed independently by two researchers (M.T. and C.R.). In
cases of disagreement, a third researcher (D.vR.) was consulted. For evaluation,
National Institutes of Health quality assessment forms for case series and randomized
controlled trials (RCTs) were used.['!] For RCTs (maximum score: 14), a score of 11-14
was rated as good, a score of 8-10 as fair,énd a score below 8 as poor quality. For
prospective case series (maximum score: 9), a score of 7-9 was rated as ggod, a score of
4-6 as fair, and a score below 4 as poor quality. Detailed information on criteria for low

and high quality are given in Supplementary Tables 2 and 3.




A sensitivity analysis was performed to determine the effects of excluding poor-
quality studies and publication bias was assessed using funnel plots (Supplementary
Figure 1). The graph was plotted as proportion vs. sample size instead of log odds vs.
1/standard error, as this method has been shown to be more accurate in predicting risk
of publication bias for meta-analyses of proportions.!['2!

Data analysis

Proportions were meta-analyzed using the metaprop command of Stata version
16 (StataCorp, College Station, TX, USA), and tests of heterogeneity were performed
using the I? statistic. Either a random-effects model or a fixed-effect model was used for
the analyses. Proportions were reported with their associated 95% confidence intervals

(Cls) with an alpha level of <0.05 used for statistical significance.

RESULTS

Literature search and study characteristics

Systematic literature search yielded 6922 hits and 6 additional records were identified
through reference crosscheck, manual search, and expert contact (Figure 1,
Supplementary Table 1). After removal of duplicates, 5010 publications remained. Of
these, 4070 were excluded based on title and 672 based on abstract, so that 268 full-text
records were evaluated for eligibility. Ultimately, 34 publications were included in the
analysis, with 19 reporting on IRR, 13 on LRR, and 2 on both (Figure 1). All studies were
prospective and 14 were RCTs.

Quality assessment and publication bias

Included studies showed symmetrical distribution for both assessments of LRR and
IRR, with no publication bias detected (Supplementary Figure 1). Quality assessment
revealed 23 studies of good quality, 10 studies of fair quality, and 1 study of poor
quality (Supplementary Tables 2 and 3). Sensitivity analyses did not show statistically




different results or decreased heterogeneity when excluding poor- or fair-quality

studies (Supplementary Figs. 2 and 3)

Local recurrence rate

A total of 15 studies reported on LRR after removal of large colonic polyps 210 mm. Of
these, 15 studies stated LRR obtained during follow-up examinations up to 12 mo, 7
during follow-up up to 24 mo, and 3 from follow-up after more than 24 mo
(Supplementary Table 4). Definitions of LRR given in the original studies are presented
in Supplementary Table 5. Mean overall LRR at up to 12 mo’ follow-up was 11.0%
(95%CI, 7.1%-14.8%; 4904 polyps) (Figure 2). Overall LRR for follow-up up to 24 mo
was 14.6% (95%CI, 8.4%-20.8%; 7 studies) (Supplementary Figure 4).

Local recurrence rate up to 12 mo” follow-up: influence of resection method.

Resection method was found to exhibit major influence on LRR of polyps 210
mm (Figure 3, Table 1). ESD (1.7%; 95%CI, 0-3.4%; 3 studies) and EMR with margin
ablation (3.3%; 95%Cl, 2.2%-4.5%; 2 studies) significantly reduced LRR compared with
EMR in which margin ablation was not performed (15.2%; 95%CI, 12.5%-18.0%; 4
studies) or only used in some cases (16.5%; 95%CI, 15.2%-17.8%; 6 studies). No
prospective studies were found evaluating LRR after HSP, CSP, or cold EMR within the
search period. Two studies evaluated LRR after underwater EMR; however,
heterogeneity between studies was high, so that a wvalid analysis could not be
performed.

Similarly, when only results for polyps 220 mm were evaluated, ESD and EMR
with margin ablation yielded lower LRRs compared with EMR without margin ablation

(Table 1). No prospective studies were found evaluating HSP, CSP, or cold EMR.

Local recurrence rate up to 12 mo” follow-up: further influencing factors.
Polyp size did not influence LRR (210 mm: 11.0%; 95%CI, 7.1%-14.8%; 15 studies
vs. 220 mm: 11.2%; 95%Cl, 6.8%-15.6%; 12 studies) (Table 1). Similarly, expert status of




the endoscopist was not found to influence LRR (Table 1); however, as only two expert
studies were found, the data set was small. The data set was also insufficient for
analysis of the influence of polyp morphology or histology on LRR. Only one study
included pedunculated polyps (12.1% of all resected polyps); however, the reported
LRR was comparable to the rate observed in other studies.['3l Most studies included
sessile serrated adenoma/polyps (SSA/Ps). One study compared LRR after EMR
removal of SSA/Ps vs conventional adenomas and reported significantly reduced LRR

for SSA /Ps.[14]

Incomplete resection rate

A total of 21 studies reported on IRR after removal of large colonic polyps =10
mm, using either margin assessment or margin biopsy for evaluation (Supplementary
Table 6). Mean overall IRR for all polyps 210 mm was 14.9% (95%CI, 11.4%-18.4%; 21
studies; 3563 polyps) (Figure 4). Twelve studies indicated IRR for polyps 10-19 mm,
resulting in a mean IRR of 16.0% (95%CI, 104 - 21.7%) (Supplementary Figure 5), and
14 studies reported IRR for polyps =20 mm, yielding a mean IRR of 11.7% (95%CI,
7.5%-15.8%; 1739 polyps) (Supplementary Figure 6).

Incomplete resection rate: influence of resection method.

Resection method was not found to significantly influence IRR of polyps 10-19
mm, comparing hot EMR (18.5%; 95%CI, 8.9%-28.1%; 8 studies), HSP (16.2%; 95%CI,
10.6%-21.7%; 2 studies), underwater EMR (25.5%; 95%ClI, 18.9%-32.2%; 2 studies), and
cold EMR (14.0%; 95%CI, 1.8%-26.3%; 3 studies), with studies on cold EMR exhibiting
high variability (Table 2). Only two studies evaluated CSP, showing high heterogeneity,
so that a valid analysis could not be performed.

Comparison of ESD and EMR for polyps 220 mm showed a lower IRR for ESD
(12.5%; 95%CI, 6.2%-18.8%; 9 studies) than for EMR (29.3%; 95%CI, 19.3%-39.2%; 3
studies) (Table 2). Only two studies evaluated IRR for polyps =20 mm with HSP,




yielding high heterogeneity, so that a valid analysis could not be performed. No data

were found reporting IRR after CSP or cold EMR for polyps 220 mm.

Incomplete resection rate: further influencing factors.

For polyps sized 10-19 mm, submucosal injection status did not influence IRR. Mean
IRR after resection with submucosal injection was 20.0% (95%CI, 11.9%-28.0%; 10
studies) compared with 14.4% (95%Cl, 5.4%-23.3%; 6 studies) after resection without
submucosal injection (Table 2). For polyps 220 mm, IRR was lower after resection with
prior submucosal injection (Table 2). Mean IRR after submucosal injection was 12.6%
(95%CI 7.7-17.6; 13 studies), compared to 32.4% (95%CI 0-76.3; 3 studies) after resection
without injection.

The solution used for submucosal injection was not found to influence IRR, yielding
comparable results for saline solution (15.8%, 95%CI, 7.1%-24.8%; 6 studies) and
hyaluronic acid (16.3%, 95%CI, 8.5%-24.1%; 8 studies) (Table 2).

There was a strong trend toward lower IRR when considering endoscopist experience
(Table 2, Supplementary Figure 7). The mean IRR was 7.0% (95% Cl, 3.5%-10.4%; 8
studies) when only expert endoscopists were involved in the study, and 20.3% (95% Cl,
13.5%-27.1%; 13 studies) when non-experts were included.

Insufficient data were available for analysis of the influence of polyp morphology
or histology on IRR. Three studies included around 50% or more pedunculated polyps;
two analyzed hot EMR, [1516] and the third analyzed hot and cold EMR and CSP.['7]
Three further studies included smaller numbers of pedunculated polyps, using cold
EMR, 18] ESD, [l and underwater EMR.[20l Most studies included 10% or less SSA/Ps,
while two studies investigating CSP and cold EMR evaluated results from SSA/Ps

only.[2L22] The latter two studies reported exceptionally low IRR of less than 1.5%.

DISCUSSION
This meta-analysis confirms the high risk for recurrence after standard EMR

resection of large colonic polyps. When standard EMR without routine margin ablation




is used, we found a 12-month recurrence rate of 15.2%. This is comparable to the results
found in the two available meta-analyses published in 2014 and 2021, which reported
recurrence rates of 15%¢ and 10%,12] respectively. However, since then, many new or
modified endoscopic removal techniques have been developed. These novel
developments include cold EMR, hot snare with margin ablation, and an increasing
body of literature on ESD for colorectal polyps coming from Asian, European and
North American centers. We found that two of these modalities resulted in significantly
lower LRRs compared with standard EMR. ESD was associated with an LRR of only
1.7%, and the LRR after EMR with routine ablation of the complete margin was 3.3%.
However, ESD requires advanced endoscopy skills, adequate training, and the
technique is associated with an increased risk for complications.[?*-2¢l Furthermore,
significant differences in safety and efficacy of ESD have been shown between Asian
and non-Asian countries,?’l so that EMR has remained the standard for large polyp
resection in Western countries to date.

The other modality that shows significantly reduced recurrence rates is the
combination of hot EMR with routine margin ablation.’?! Thus, ESD or EMR with
routine margin ablation currently seem to be the best approaches for endoscopic
removal of large colorectal polyps in order to avoid recurrence. We found that
systematic margin ablation after EMR can reduce the LRR to rates similar to those of
ESD. These results originate from two recent Australian prospective studies, in which
snare tip soft coagulation (STSC) was routinely performed after EMR.%%] As these
studies included only polyps 220 mm further studies evaluating the effect of margin
ablation on polyps sized 10-19 mm may be of additional value. The positive effect of
margin ablation has also been shown in a retrospective US study, evaluating systematic
application of argon plasma coagulation (APC) after EMR in 246 patients.?] The
authors found an LRR of 5% at <12 mo FU, which is comparable to the rates found by
Klein (5%) [l and Sidhu (3%)[23l. However, the results for using APC margin ablation
still need to be confirmed by prospective studies. A recently completed prospective,

multicenter study evaluating resection of large colonic lesions 220 mm in 76 patients




using EMR and hybrid APC for margin and base ablation found a LRR of 2.2%[3. This
indicates that APC ablation can reduce local recurrence comparable to ESD and EMR
with STSC.

Importantly, margin ablation should be performed systematically and
completely, as visual margin assessment may underestimate incomplete resection.[!
This is confirmed by our analysis, which showed that studies using unsystematic or
incomplete margin ablation were not able to reduce the LRR.[91431]

Notably, even though use of cold snare resection techniques for large colonic
polyps is increasingly reported, at present no prospective studies have been published
reporting LRR for CSP or cold EMR for large colorectal polyps. Furthermore, recent
retrospective studies have indicated that these techniques might potentially increase the
risk for local recurrence. In the largest retrospective series published to date, Suresh ef al
reported an LRR of 34.8% after cold EMR.J Therefore, caution is warranted for routine
use of cold EMR outside of clinical studies until data from ongoing RCTs comparing hot
with cold EMR become available.

For polyps 10-19 mm, follow-up examination is often performed years after the
index colonoscopy. Therefore, data on LRR for 10-19 mm colorectal polyps are sparse,
and we used IRR to estimate the risk of local recurrence for this subgroup. In our
analysis, overall IRR for polyps sized 10-19 mm was 16.0%. This rate was similar to the
IRR found in a previous meta-analysis (20.8%) 5] and in one of the landmark studies on
IRR (CARE study). [/ The CARE study reported that even though endoscopists rated
resection as complete by visual assessment, 10.1% of cases showed residual tissue on
margin biopsy. Compared with the previous meta-analysis, our analysis included more
data, especially regarding cold snare resection techniques.’l However, adding the
recently published data on cold snare resection did not significantly alter overall IRR of
polyps 10-19 mm. Furthermore, IRR of EMR, cold EMR, HSP, and underwater EMR
were similar.[17.1821] Only two prospective studies evaluated IRR for large colonic polyps
after CSP resection.[17.2!l These studies showed high variability in IRR, and while one

study found rates comparable to those obtained with other techniques,'7! rates reported




in the second were extremely low.[2!l This is likely based on the fact that in this study
only expert endoscopists were involved and only SSA /Ps were removed by wide-field
style cold snare resection. A previous meta-analysis has already demonstrated that
expert endoscopists achieve lower IRRs,°l and this was confirmed in our analysis, with
an IRR of 7.0% for expert endoscopists and 20.3% for those studies in which less
experienced endoscopists were included. Furthermore, the exclusive inclusion of
SSA/Ps introduced a further bias into the study, as removal of SSA/Ps generally yields
better results.¥] This renders the generalizability of CSP to general clinical practice
difficult, and more prospective studies are needed to establish IRR, and especially LRR
risk, after CPS and cold EMR removal of large colorectal polyps including all pathology
types.

For polyps 220 mm, the mean IRR was 11.7% in this analysis. Interestingly, this
rate is lower than the results obtained for polyps sized 10-19 mm (16.0%). This effect
was based on the good results obtained with ESD, and is most likely also associated
with the fact that 10-19 mm polyps are usually resected in general endoscopic practice,
whereas polyps 220 mm are often referred for expert resection.

Recent guidelines recommend HSP, EMR (European Society of Gastrointestinal
Endoscopy, American Gastroenterological Association [AGA])3334 and CSP (AGA)P3
for resection of 10-19 mm polyps. Our data show that EMR with margin ablation is an
important new development that warrants further study. For lesions =20 mm,
guidelines recommend ESD in specific cases, and the need for a skilled endoscopist to
perform the procedure is highlighted.[252635] The importance of endoscopist skill level is
also supported by our data. Furthermore, our data suggest that EMR with systematic
and complete margin ablation may be an appropriate alternative to ESD, especially
considering the low complication rates reported in the available studies.[%2529

However, safety profiles should also be taken into account when evaluating
different polypectomy techniques. Known complications occurring during and after
polypectomy are immediate and delayed bleeding as well as perforation and post-

coagulation syndrome 3431, A meta-analysis from 2016 evaluating endoscopic resection




of polyps 220 mm found perforation occurring in 1.5% and bleeding in 6.5% of polyps.
Mortality was indicated as 0.08%.1%l. Yet, an up-to-date analysis comparing safety
profiles of CSP, HSP, EMR with and without margin ablation, underwater EMR, and
ESD still has to be performed.

Our analysis has several strengths, including the robustness of the literature
search with a large number of publications screened (6928 publications). Of these, 34
prospective studies with a total of 10,268 polyp resections were included. As only
prospective data were evaluated, we were able to perform a high-quality analysis, as
retrospective studies reporting on LRR and IRR are unsystematic in the ascertainment
of the main outcomes, thus having a high likelihood of bias. Furthermore, the retrieval
of granular data allowed us to perform multiple analyses.

The main limitation of the study is that by exclusion of retrospective studies, the data
set was reduced. Furthermore, publications were excluded in which IRR was
determined by visual assessment or in which appointments for follow-up examinations
for LRR assessment exceeded 12 mo. While this reduced the amount of studies included
into the analysis, it ensured a better overview of the high-quality data available in the
literature. Additionally, it shows that for some techniques data of sufficient quality is
sparse and that there is a need for further studies. Second, expert endoscopist status
was difficult to determine, as there is no published consensus definition, and some
studies do not clarify the expertise of the involved endoscopists. However, expert and
non-expert status were systematically assessed and discussed for this meta-analysis.
Third, as assessment for IRR is not standardized, different methods, including margin
assessment and margin biopsy, are used for its estimation. However, margin
assessment is likely to overestimate IRR, as lesions resected in piecemeal fashion may
be resected completely, but will appear with positive resection margins. Margin biopsy,
on the other hand, is likely to underestimate IRR, as only sample parts of the margins
are examined.37] Therefore, true IRR will be located somewhere in between the values
found with margin biopsy and margin assessment. Another limitation is the elevated

heterogeneity in some reported outcomes. For LRR, most of the observed heterogeneity




was due to combining different resection techniques into the same analysis. When
stratifying for resection technique and use of margin ablation, we found very low
heterogeneity in the reported outcomes. For IRR, the differing use of wide field
resection before biopsies and the number of margin biopsies taken could explain some

of the heterogeneity reported.

CONCLUSION

In conclusion, we found that local recurrence after resection of large colonic polyps
occurs frequently when standard EMR is used. Local polyp recurrence can be reduced
by performing ESD or EMR with routine and complete margin ablation. Other
techniques, such as CSP, cold EMR, and underwater EMR require further evaluation in
prospective studies before their routine implementation in clinical practice can be

recommended.
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