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BACKGROUND: Endoscopic mucosal resection (EMR) and endoscop-
ic submucosal dissection (ESD) are surgical methods used for rectal
neuroendocrine tumors (NETs) with diameters of < 10 mm. However,
which method has a higher performance remains uncertain.
OBJECTIVES: Evaluate which of the two methods shows a higher per-
formance.

DESIGN: Systematic review and meta-analysis

METHODS: Data from PubMed, Embase, Cochrane Library, and Web
of Science were searched from inception to 12 April 2022. Outcomes,
including complete resection, en bloc resection, recurrence, perfora-
tion, bleeding, and procedure time, were pooled by 95% confidence
intervals (95% Cl) using a fixed- or random-effects model.

MAIN OUTCOME MEASURES: Complete resection, en bloc resec-
tion, and recurrence.

SAMPLE SIZE: 18 studies, including 1168 patients were included in
the study.

RESULTS: Eighteen retrospective cohort studies were included in this
meta-analysis. There were no statistical differences in the rates of com-
plete resection, en bloc resection, recurrence, perforation, and bleed-
ing rates between EMR and ESD. However, a statistical difference was
detected in the procedure time; EMR had a significantly shorter time
(MD=-17.47, 95% Cl=-22.31--12.62, P<.00001).

CONCLUSIONS: EMR and ESD had similar efficacies and safety pro-
files in resectioning rectal NETs < 10 mm. Even so, the advantages of
EMR included a shorter operation time and expenditure. Thus, with
respect to health economics, EMR outperformed ESD.

LIMITATION: Most of these studies are retrospective cohort studies
instead of RCTs.

CONFLICT OF INTEREST: None.

ven though early detection and treatment of gastrointestinal tu-
mors is advocated, gastrointestinal cancers remain a major public
health concern worldwide." Timely, effective, and safe treatment
of gastrointestinal tumors reduces the incidence of cancer, national pub-
lic health expenditures, and individual health care costs. With the popu-
larization of endoscopic examinations, the detection of neuroendocrine
tumors (NETs) has been increasing. NETs begin in neuroendocrine cells
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in the endocrine system. They include a broad family
of tumors.2 NETs commonly occur in the gastrointesti-
nal tract, lungs, bronchi, thymus, and pancreas.® NETs
in the G1 and G2 stages were previously called car-
cinoids. The incidence of NETs increases by 3%-10%
yearly. This yearly increase is based on different sub-
types. For example, rectal NETs account for approxi-
mately 27% of all cases.*® In the United States, NETs
have an incidence rate of 6.98 cases per 100000 peo-
ple; and are increasing.’

Rectal NETs are manifested as smooth, round
polypoid lesions which are covered by normal mucosa.
They are mostly asymptomatic and seldom complexed
with carcinoid syndrome.® Rectal NETs are usually found
inadvertently during physical examinations or surgeries.
There is a higher incidence of NETs in men than in
women. The age of onset is predominantly 50-60 years.
The optimal choice for rectal NETs treatment currently
includes endoscopic resection and surgical excision.
These surgical methods are selected based on the size
and surface characteristics of the tumors.?

According to the clinical practice guidelines for
managing colorectal polyps released by the Japanese
Society of Gastroenterology in 2020, surgical resection
with lymph node dissection is recommended for NETs
>10 mm in diameter.' NETs smaller than 10 mm in di-
ameter rarely metastasize; therefore, they are managed
with endoscopic treatment. This endoscopic treatment
includes endoscopic mucosal resection (EMR). EMR
includes a ligation band device (EMR-L), EMR using a
fitted cap (EMR-C), and an endoscopic submucosal dis-
section (ESD)."" In clinical practice, EMR outperforms
ESD in terms of surgeon requirements, procedural
time, technical complexity, and expenditure (day sur-
gery for EMR and inpatient surgery for ESD). ESD is an
emerging technique with advantages such as higher
en bloc rates, complete resections (R0), and lower lo-
cal recurrence rates.’>'3 From the perspective of evi-
dence-based medicine, the question of whether EMR
outperforms ESD in procedural time, completeness of
resections, en bloc resections, bleeding, perforation,
and recurrence remains unanswered. The answer to this
question is important for clinicians, patients, and the
nation’s public health insurance.

Rectal NETs are rare and only account for 1.1%-—
1.3% of all rectal tumors.’'® Moreover, they are more
common in African Americans and Asian populations
than in Caucasians.® For this reason, studies on rectal
NETs are usually reported by Asian researchers. Most of
these studies are retrospective cohort studies instead
of randomized controlled trials (RCTs). Our study aimed
to evaluate the efficacy and safety of EMR and ESD for
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rectal NETs <10 mm by conducting a systematic review
and meta-analysis of observational studies.

METHODS

This systematic review and meta-analysis conformed
to the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) checklist.” The study protocol
was previously submitted to the Prospective Register of
Systematic Reviews (PROSPERO) under the registered
number CRD42021266414. Since this study was a sec-
ondary literature review, approval and informed con-
sent were not required from the IRB committee.

The initial search was conducted without restrictions
on the language or publication year. The inclusion
criteria were: (1) patients diagnosed with rectal NETs
<10 mm; (2) endoscopic mucosal resections, including
conventional endoscopic mucosal resection (cEMR),
EMR using a fitted cap (EMR-C), EMR with a ligation
band device (EMR-L), and pre-cutting EMR (EMR-P), with
at least one of these applied; (3) EMR with endoscopic
submucosal dissection (ESD); (4) complete resections,
en bloc resections, recurrences, procedure times,
perforations, bleeding, hospital stays, and treatment
costs; and (5) observational design. The exclusion
criteria were as follows: (1) essential data could not
be extracted from published articles; (2) studies that
included only one type of endoscopic resection;
(3) reviews, editorials, case reports, commentaries,
position papers, and book chapters; and (4) studies
with less than ten cases. In addition, only studies with
larger sample sizes were considered for cohort studies
published in duplicate.

Electronic databases (PubMed, Web of Science,
Embase, and Cochrane Library) were searched from
their inception to 12 April 2022. The search strategy
was (((rectum [Title/Abstract])) OR (rectal [Title/
Abstract])) AND ((((carcinoid tumor*[Title/Abstract])
OR (carcinoid*[Title/Abstract])) OR (neuroendocrine
tumor*[Title/Abstract])) OR (neuroendocrine [Title/
Abstract]))) AND ((endoscopic [Title/Abstract]) OR
(endoscopic submucosal dissection [Title/Abstract])
OR (endoscopic mucosal resection [Title/Abstract]) OR
(excision [Title/Abstract])). For studies with incomplete
data, the authors were contacted by email for detailed
data. Citations were retrieved and managed using
EndNote X9. After removing duplicates, two reviewers
separately screened the studies by their titles and
abstracts. Any disagreements were discussed with the
third reviewer.

After study selection, complete manuscripts for the
eligible articles were acquired. Two reviewers extracted
the required information using a predesigned table in
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Excel. The latest version was preferentially included for
repeated publications. The primary outcomes included
complete resections (R0), en bloc resections, and lo-
cal recurrences. Secondary outcomes were bleeding,
perforation, procedure time, length of hospital stay,
and treatment costs. Data were collected on the study
country, patient age, sex ratio, follow-up time, appli-
cation of endoscopic ultrasonography, CT, MRI, quality
assessment and risk of bias.The methodological quality
of included studies was evaluated with the Newcastle—
Ottawa quality scale (NOS)."” This scale assigned each
single study with a maximum of nine points; a study
with a score higher than 6 was considered "high qual-
ity.” In addition, the quality of the included studies was
evaluated by patient selection, comparability, and out-
come assessments.

The Review Manager software (version 5.3; RevMan
5.3; Cochrane Collaboration, Oxford, UK) was used for
the statistical analysis. The odds ratios (OR) and the
95% confidence intervals (95% CI) of binary variables
were calculated for each study. For studies that failed
to report the mean and variance values, we converted
the medians and ranges of continuous variables con-
forming to a normal distribution to means and standard
deviations. A 95% Cl and a P value <.05 was consid-
eredstatistically significant.

We conducted a heterogeneity level (%) analysis to
identify the variation percentage across studies.'® Based
on the Cochrane Handbook for Systematic Reviews of
Interventions, I? values <30%, >50% and >75% were
considered with low, substantial and considerable
heterogeneity, respectively. A fixed-effects model was
performed for studies with low heterogeneity (12<50%
statistics or Cochran’s Q-test, P>.05); otherwise, a
random-effects model was performed. In addition, we
conducted a subgroup analysis to identify potential
heterogeneities. Data from each modified EMR
(m-EMR) subgroup were merged into an EMR group
to enable a comparison with ESD. In addition, we
conducted a subgroup analysis based on the study
country and aimed to identify the characteristics of
endoscopic resection in different countries. Sensitivity
analysis enables an assessment of the robustness of the
meta-analysis findings. We made a sensitivity analysis
on procedure time, and used funnel plots, Begg's and
Egger’s tests to determine the publication bias.

RESULTS

A total of 1026 citations were retrieved. After duplicate
removal, we screened the titles and abstracts of the re-
maining 681 articles (Figure 1). Sixty-five articles were
included for full-text screening; 18 articles were includ-
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ed in the qualitative analysis.'”** Among the 18 studies
included in the study, 17 were retrospective observa-
tional studies, and 1 was a prospective study conduct-
ed by Bang et al (2016).2% This review included 1168
patients in the 18 studies, with 734 patients (62.84%)
who underwent EMR, while 434 (37.16%) underwent
ESD (Table 1). Table 2 shows the clinical characteristics
of patients in each study. Only 17 retrospective studies
were included in the meta-analysis to minimize hetero-
geneity due to different study types.

Complete resection

The meta-analysis of RO included 17 studies!'??7:27-3¢6
containing 1091 patients, with 681 (62.42%) and 410
(37.58%) in the EMR and ESD group, respectively. No
difference with statistical significance was detected
between the groups (P=.45) (Figure 2A). Country/re-
gion-based subgroup analysis showed no statistically
significant differences in the complete removal rate be-
tween Japan (P=.10), Korea (P=.15), and China (P=.20)
(Figure 2B). In addition, analysis and comparison of
the EMR subgroups showed statistically significant
differences between cEMR and ESD (P=.01) (Figure
3A), as well as between EMR-C and EMR-L (P=.02)
(Figure 3B). However, there were no statistically sig-
nificant differences between EMR-C and ESD (P=.12),
EMR-L and ESD (P=.12) , and EMR-P and ESD (P=.17)
(Supplementary Figure S1).

En bloc resection

En bloc resection was reported in 12 studies that re-
ported a total of 768 cases (including 491 EMR and
277 ESD). There was no statistically significant differ-
ence between the two groups (P=.11). Furthermore,
subgroup analysis showed that there was no statistically
significant difference between cEMR and ESD (P=.42)
(Supplementary Figure S2). In addition, EMR-L and
ESD showed 100% en bloc rates.

Recurrence

Seventeen  studies reported local  recurrence
rates.'?27273 Of the 1091 observers, only 4 in the EMR
group showed local recurrences. No statistical differ-
ence was detected between EMR and ESD (P=.27)
(Figure 4).

Perforation and bleeding

Seventeen studies evaluated the perforation and
bleeding rates. Perforation was reported in 12 par-
ticipants, with 6 in the EMR and 6 in the ESD group.
Bleeding was reported in only 16 patients, including
7 in the EMR group and 9 in the ESD group. No sta-
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Figure 1. Flow chart of search results for EMR versus ESD for treatment of rectal neuroendocrine tumors <10 mm.

Table 1. Baseline characteristics of included studies (n=1168; total number of patients).

Study Country Treatment Patients (n) ( ;;gfs) (:}:’:l;:::t)ar
Baek, 2010 Korea c-EMR 9 44.00 (16.97) 7/2
ESD 2 48.33 (9.94) 11
Onozato et al, 2010 Japan c-EMR 26 NA 18/6
ESD 9 NA 7/2
Zhou et al, 2010 China c-EMR 23 50.30 (13.60) 14/9
ESD 20 47.60 (18.50) 12/8
Niimi et al, 2012 Japan EMR-L 11 45.50 (10.60) 8/3
ESD 13 55.30 (8.60) 9/4
Zhao et al, 2012 China c-EMR 10 54.04 (11.58) 21/9
EMR-C 10
ESD 10
Choi et al, 2013 Korea EMR-L 29 47.75(11.73) 15/14
ESD 31 48.29 (14.44) 20/11
Kim et al, 2013 Korea c-EMR 31 47.74 (11.52) 20/11
EMR-L 40 48.15 (8.87) 23/17
ESD 44 47.18 (10.22) 32/12
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tistically significant differences were found in perfora-
tion (P=.45) (Figure 5A) and bleeding (P=.20) between
these groups (Figure 5B).

Procedure time
Fifteen studies reported the procedure time, with a to-
tal of 1020 cases, with 643 (63.04%) in the EMR group
and 377 (36.96%) in the ESD group. In a preliminary
analysis, statistically significant differences were found
between groups, confirming the existence of high het-
erogeneity (P<.001) (Figure 6A). Subgroup analysis
by country showed that the comparison of procedure
time was statistically significant, with significant het-
erogeneity: Japan (P<.00001), Korea (P<.00001), and
China (P=.00001) (Figure 6B). Furthermore, the analy-
sis and comparison of EMR subgroups, showed statis-
tically significant differences between cEMR and ESD
(P<.00001), as well as between EMR-C and ESD (P<.02)
(Supplementary Figure $3), EMR-L and ESD (P<.0001),
EMR-P and ESD (P=.001), and cEMR and EMR-L (P<.07)
(Supplementary Figure S4). Significant differences in
procedure time suggest that EMR is the superior surgi-
cal method; however, the combined results are highly
heterogeneous.

Studies determined to be of a "high-quality”

review

(score z6) on the Newcastle-Ottawa quality scale
results accounted for 83.3% of all studies included
(Supplementary Figure S5). The distributions on the
funnel plots for complete resection (P=.587, Figure 7A)
and procedure time (P=.839, Figure 7B) were roughly
symmetrical, indicating publication bias which may hin-
der the reliability of the results.

DISCUSSION

Several systematic reviews and meta-analyses compar-
ing EMR and ESD for rectal NETs have been published,
but conclusions have been inconsistent. For instance,
the meta-analyses by Zhong et al and He et al con-
cluded that ESD was superior to EMR for rectal NETs*:2
while Pan et al found that EMR was superior to ESD.*
Furthermore, researchers found that the results for these
comparative analyses varied with tumor size. Yong et al
found that ESD was more effective for rectal carcinoid
tumors larger than 10 mm, had a higher complete re-
section rate, and shared a similar efficacy with EMR for
rectal carcinoid tumors smaller than 10 mm.*® Therefore,
we hypothesized that tumor size affects the selection of
the surgical procedure. The consensus among surgeons
is to perform surgical resection with lymph node dissec-
tion as the treatment for rectal NETs larger than 10 mm.

Table 1 (cont). Baseline characteristics of included studies (n=1168; total number of patients).

Endoscopic .
Study Follow-up (months) Ultrasonography RCeTloh:lttld Treca::tnznt s:':s'()ét:l) NOS Score
Reported P y {day
Baek, 2010 28 (15-45) Yes Yes NA NA
Onozato et al, 2010 70.1 (30.7) Yes Yes NA NA
Zhou et al, 2010 42.6 (26.1) Yes Yes NA NA
18.7 (10.6)
Niimi et al, 2012 24.0 (32.5) Yes Yes NA 1.8 (3.1)
65.1 (57.0) 6.2 (2.1)
Zhao et al, 2012 18.43 (9.76) Yes No NANb NA
Choi et al, 2013 6 Yes Yes NAP NA
Kim et al, 2013 13.1 (6-59) No Yes NA NA
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Table 1 (cont). Baseline characteristics of included studies (n=1168; total number of patients).
Study Country Treatment Patients (n) ( ;:gss) G(;\ﬁ;r
Cheung et al, 2015 Korea EMR-P 16 51.50 (8.76) 15/1
ESD 17 46.29 (8.62) 11/6
Lee et al, 2015 Korea EMR-L 68 NA 38/30
ESD 16 NA 8/8
Bang et al, 2016° Korea EMR-L 53 53.60 (12.70) 32/21
ESD 24 50.80 (12.40) 18/6
Choi et al, 2017 Korea EMR-C 65 50.80 (11.30) 44/21
EMR-L 16 11/5
ESD 53 32/21
Ebi et al, 2018 Japan c-EMR 14 59.83 (34.96) 12/2
EMR-L 19 63.25 (5.75) 10/9
ESD 19 55.50 (5.00) 8/11
Lim et al, 2019 Korea EMR-L 66 51.61(9.81) 37/29
ESD 16 52.69 (9.83) 8/8
Zhang et al, 2019 China EMR-L 22 48.18 (12.31) 17/5
ESD 12 46.17 (12.57) 7/5
Park et al, 2020 Korea c-EMR 36 45.70 (12.20) 22/14
ESD 79 47.00 (10.30) 50/29
Inada et al, 2021 Japan c-EMR 12 60.10 (13.80) 75/57
EMR-L 58
EMR-P 29
ESD 33
Pattarajierapan etal,  Thaand CEMR 13 57.00 (8.00) 617
EMR-P 21 60.00 (9.00) 13/8
ESD 12 61.00 (12.00) 10/2
Toriyama et al, 2021 Japan c-EMR 10 63.50 (37.48) 7/3
EMR-C 27 56.00 (13.25) 22/5
ESD 24 57.75(12.25) 15/9
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Table 1 (cont). Baseline characteristics of included studies (n=1168; total number of patients).

Endoscopic .
Study Follow-up (months) Ultrasonography RCeT/ohll'Itlzld Treca::tlsent s?:s?é:al) NOS Score
Reported P y {day

Cheung et al, 2015 12 (3-37) Yes Yes 300 USD NA 6

17 (3-35) 1,500 USD
Lee et al, 2015 12 (1-39) Yes Yes NA NA
Bang et al, 2016° 7.8(11.2) Yes Yes NA NA

22.3(16.8)
Choi et al, 2017 835 (501) days Yes Yes NA NA
Ebi et al, 2018 75.0 (27-133) Yes No NA NA

17.0 (1-58)

13.5 (1-99)
Lim et al, 2019 41.9 (18-66) Yes Yes NA NA
Zhang et al, 2019 6-30 Yes Yes NA NA
Park et al, 2020 19 (0-53) No Yes NA NA
Inada et al, 2021 57 (39-82.3) Yes Yes NAP NA
Pattarajierapan et al, 55 (42-84) No Yes NA NA 8
2021

27 (18-42)

39 (21-50)
Toriyama et al, 2021 34.8 (14.2-113.2) Yes Yes NA NA 7

24.9 (0.07-195.0)
31.3(0.4-177.9)

2Only prospective study. °ESD incurred higher costs than EMR, but specific costs not available.
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EMR ESD Risk Ratio Risk Ratio — - . o
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Cheung et al. 2015 13 16 15 17 42% 0.920.69, 1.23) e welao ® % = s ammske
Choi et al. 2013 24 29 25 31 54% 1.03[0.81, 1.30) N Onomoatal200 2 2% 7 9 3 109074160)
Choi et al. 2017 72 81 43 53 83% 1.10(0.94, 1.27) ™= Ineswan)i w2 5 2 o4 ey (Smaam
Ebi etal. 2018 24 33 18 19 55% 0.77 [0.61,0.97) = Total avents 160 o
Inada et al. 2021 80 99 32 33 9.9% 0.83[0.74, 0.93] == G SRl
Kim et al. 2013 64 71 39 44 92% 1.02[0.89, 1.16] = Eiion
Lee etal. 2015 64 68 116 34% 1.37[0.98, 1.92] Fabichy i 3 2% ioomse el
Lim et al. 2019 63 66 12 16 43% 1.27 [0.95, 1.70) T Crang il 2015 B G o coudem
Niimi et al. 2012 11 12 13 6.0% 1.07 [0.86, 1.33] i Croietal 2017 7 s & swh  1w0pss 1z
Onozato et al. 2010 22 26 7 9  28% 1.09 [0.74, 1.60] — i el oo o M jgﬂg: :;g}
Park et al. 2020 31 3 68 79  80% 1.00 [0.85, 1.17) =r= Umota 2019 ® % 2 6 4w 1270%s.170]
Pattarajierapan et al. 2021 33 34 12 12 92% 1.00 [0.87, 1.13] - e, W2 8T SN
Toriyama et al. 2021 32 37 22 24 74% 0.94[0.79, 1.12] G Tota vents au 215
Zhang et al. 2019 19 22 1 12 54% 0.94 [0.74, 1.20) = it et L
Zhao et al. 2012 18 20 10 10 6.4% 0.92[0.75,1.13] == i
Zhou et al. 2010 12 23 20 20 27% 053[0.36,079) Znang etal 2018 9 o2z o ow e 0sipmz) —
Znhao etal. 2012 18 20 10 10 71% 092(0.75. 1.13] T
Total (95% CI) 681 410 100.0% 0.97 [0.90, 1.05) * SmomEne) @ " & tees  osolsnim P
Total events 591 359 gy, To 00T o =096, 2 [P 00TE R 5 00%
Heterogeneity: Tau? = 0.01; Chi? = 32.81, df = 16 (P = 0.008); I = 51% 05 07 1 15 2 Tost for overall eect: 2= 1.28 (P = 0.20)
for over: :2=0.76 (P = 0. : :
Test for overall effect: Z = 0.76 (P = 0.45) EMR ESD 1;:|$:Bcly s 647 ) 398 100.0% 0,97 (0.90,1.05] *
Tostfor suborouo Gffrences: Che = 629, 1 =2 P = 0.04). P = 682%
A B

Figure 2. Complete resection (R0) rate comparison. A: EMR group versus ESD group; B: Subgroup analysis by country (Japan, Korea, and

China).
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Figure 4. Recurrence rate comparison of EMR versus ESD.
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Figure 7. Funnel plot for publication bias assessment. A: Funnel plot of complete resection (Egger’s test P=.587);
B: Funnel plot of procedure time (Egger’s test P=.839). RR: relative risk; MD: mean difference.

This consensus for combining these procedures is based
on the fact that there is an 18.7%-30.4% increased rate
of lymphatic metastasis with rectal NETs."® For rectal
NETs <10 mm, endoscopic approaches are suggested
by guidelines. Endoscopic approaches include several
procedures, such as EMR and ESD; although they share
a similar efficacy, other factors, such as safety and ex-
penditure, should be considered while making a clinical
decision. Therefore, we conducted this meta-analysis
that focused on observational studies on individual tu-
mor sizes <10 mm in diameter rather than those with
average-sized tumors; in this respect, our study dif-
fered from the abovementioned previous studies.?4
Observational studies are less conclusive than RCTs.
However, few RCTs have been reported on this topic;
the sparsity of RCTs is mainly because performing high-
quality RCTs are demanding and involve higher medical
costs.*” Owing to the limited number of previous studies
focusing on this area, we conducted this study using 18
observational studies.

Based on the results of our study, both EMR and ESD
showed good efficacy and safety profiles for treating
rectal NETs no larger than mm 10 in diameter. EMR-L
and EMR-C showed comparable efficacies to ESD as
for complete and en bloc resections. In addition, both
EMR and ESD showed lower incidences of perforation
and gastrointestinal bleeding. Nevertheless, EMR had a
shorter procedure time and a similarly lower recurrence
rate than ESD. Additionally, owing to the advantages of
operation convenience, fewer skill requirements for sur-
geons, lower medical costs, and availability in day sur-
gery,*** EMR is superior to ESD in treating rectal NETs
no larger than 10 mm from the perspective of health
economics.

Rectal NETs are tumors growing slowly with malig-
nant potential, whose prognosis is often determined
by the RO. There should be differences between ESD
and EMR in terms of complete resection and rate of
recurrence,®®* yet we failed to differentiate between
them in this study, partly because we focused on tu-
mors less than 10 mm in diameter. According to clini-
cal experience, the difference between the two surgical
methods will gradually emerge as the tumor diameter
increases. In previous studies, the complete resection
rate of the less than 5 mm subgroup was significantly
higher than that of the 5-10 mm subgroup,?2>27% g
finding that concurs with that of clinical practice. Two
previous meta-analyses found that m-EMR has a better
complete resection rate than cEMR, with an equivalent
safety profile. More specifically, the studies found that
the complete resection rates of EMR-L and ESD were
higher than those of EMR, whereas the EMR-C, EMR-L,
EMR-P, and ESD had similar complete resection rates,
with which the above-mentioned meta-analyses con-
cluded similarly. Our subgroup analysis found that the
heterogeneity I> of the RO rates in China, Japan, and
Korea decreased; these results were not statistically sig-
nificant. However, we noted a trend suggesting that the
effect of endoscopic treatment varied between coun-
tries. Although previous studies reported incomplete
resections, the final recurrence rate was low because re-
medial surgeries were performed.?02>30.2234 Additionally,
a low incidence of adverse events was also observed in
this study, and no statistical differences were found for
bleeding and perforation. This study also found that the
recurrence rates of both EMR and ESD were low.

Rectal NETs <10 mm are less likely to develop into
lymphatic metastasis or invade the muscular layer.
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Endoscopic ultrasonography improves the complete
resection rate.*’*8 Rectal NETs are indolent, slow-grow-
ing tumors. Thus, short follow-up periods may fail to
detect the differences between the procedures. In ad-
dition, the National Comprehensive Cancer Network
(NCCN) guidelines state that rectal NETs <10 mm do
not require follow-up,* while the Japanese Society of
Gastroenterology guidelines suggest that postopera-
tive surveillance should be used for colorectal cancer.”
The disparity in follow-up may lie in the different inci-
dence rates between the East and West and different
levels of available medical resources. At present, NETs
still lack biomarkers of high sensitivity and specificity;
therefore the diagnosis, pathology, and prognosis are
greatly limited.®® A NETs recurrence rate of only 3.1%
and a disease-specific survival rate of 96.9% were re-
ported in a 5-year follow-up study.®' However, there is
a significant difference in the 5-year survival rate be-
tween NETs in the rectum and those at the rectosig-
moid junction, suggesting that differential treatment
and management should be applied.®? In all cases,
however, long-term systematic follow-ups of patients
with rectal NETs are recommended based on different
risk factors. The duration of follow-up time should be
further investigated.

In terms of procedure time, there was a statisti-
cal difference between EMR and ESD, with a large I?
value (97%), which indicates great heterogeneity. The
results showed that EMR had a shorter procedure
time than ESD. Subgroup analysis demonstrated that
cEMR, EMR-C, EMR-L, and EMR-P had reduced pro-
cedure times compared to ESD. The largest difference
between EMR and ESD is the submucosal dissection,
which is difficult to operate, highly demanding, and
time-consuming for surgeons.® The heterogeneity in
this study may be due to factors such as different tim-
ing standards, the skill level of the surgeon, differences
in device manufacturers, and tumor location. The anal-
ysis of the Japan-Korea-China group showed high het-
erogeneity. In addition, ESD incurs higher costs than
EMR. In Korea, EMR costs approximately $300, while
transanal endoscopic microsurgery (TEM) and ESD cost
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more than $1500.2° Medical expenditure is related to
the charge for treatment and the length of hospital
stay. In Asia, ESD often requires hospitalization, where-
as EMR does not. According to Niimi et al, the duration
of the hospital stay of patients with ESD (6.2 [2.1]) days
was significantly longer than that for EMR-L (1.8 [3.1])
days.?? Thus, EMR is more cost-effective than ESD for
the removal of rectal NETSs.

Sensitivity analysis was conducted using the leave-
one-out approach. The results for this approach were
similar and indicated the accuracy of our findings.
However, there are several limitations in this study.
First, only one prospective study was included, while
the other studies were retrospective ones where doc-
tors or patients decided on the surgical procedures
instead of random allocation. Second, most of the in-
cluded studies were conducted in China, Japan, and
Korea, which limited their external validity. Third,the
operation of endoscopic rectal NETs resection varies
between regions and countries. Therefore, the occur-
rence of adverse events and the length of the opera-
tion may be subjectively influenced by the choices of
the surgeon. In addition, publication bias was detected
in this study, which may limit its reliability. Therefore,
further well-designed, large-scale, multi-centered RCTs
with long-term follow-ups are needed to facilitate
high-quality verification of the efficacy, safety profile,
and cost-effectiveness of using EMR and ESD for rectal
NETs <10 mm.

In summary, the clinical efficacy and safety of EMR
and ESD for resecting rectal NETs <10 mm are com-
parable. Combined with current clinical practice and
article reports, it can be concluded, with some cau-
tion, that EMR is superior in terms of operation time
and cost. In addition, the complete resection rates of
EMR-L and ESD were higher than those of cEMR, and
the complete resection rates of EMR-C, EMR-L, and
EMR-P were comparable to those of ESD. The authors
hope these findings will inform future research, espe-
cially prospective studies focused on evaluating the
cost-effectiveness and clinical decision-making for en-
doscopists.
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Supplementary Figure S1. EMR subgroup analysis on complete resection (R0) rate comparison. A: EMR-C versus ESD,
B: EMR-L versus ESD, C: EMR-P versus ESD.
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Supplementary Figure $S3. EMR subgroup analysis on procedure time: A. ¢ EMR versus ESD, B: EMR-C versus ESD.
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Supplementary Figure S5. Newcastle-Ottawa quality scale of studies included.
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