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Background/Aims: Few studies have compared modified endoscopic mucosal resection (EMR) techniques for small rectal
neuroendocrine tumors (NETs). This study evaluated the clinical outcomes of ligation-assisted EMR (EMR-L) and precutting
EMR (EMR-P) for the treatment of small rectal NETs.

Methods: We retrospectively reviewed patients who underwent EMR-L or EMR-P for rectal NETs < 10 mm at four universi-
ty hospitals between January 2018 and December 2022. Primary outcomes were en bloc resection and complete resection
rates; secondary outcomes included procedural time and complications.
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Results: Among a total of 195 rectal NETs, 143 were resected using EMR-L and 52 using EMR-P. Although the histopatho-
logically measured lesion size (4.0 £ 1.7 mmvs. 5.2 £ 2.4 mm, p = 0.002) was larger in the EMR-P group, the presence of
ulcer or depression and lesion location did not significantly differ between the two groups. The en bloc resection rate (100.0%
vs. 96.2%, p = 0.070) and complete resection rate (95.8% vs. 90.4%, p = 0.140) also were not significantly different. How-
ever, EMR-L had a significantly shorter procedure time (3.9 £ 2.3 min vs. 9.8 £ 5.6 min, p < 0.001). No significant differences
were observed in procedure-related bleeding, perforation, recurrence, or hospital stay between the groups.

Conclusions: Both EMR-L and EMR-P achieved high en bloc and complete resection rates with favorable safety profiles.
However, EMR-L was significantly faster, suggesting that it is a more time-efficient approach for small rectal NET resection.

Keywords: Neuroendocrine tumors; Endoscopic mucosal resection; Recurrence

INTRODUCTION

The increased prevalence of colon cancer screening proce-
dures, such as colonoscopy, has led to a rise in the incidental
detection of rectal neuroendocrine tumors (NETS). A rectal
NET, also known as a rectal carcinoid tumor, is a relative-
ly rare type of tumor that originates in the neuroendocrine
cells of the rectum [1]. Most rectal NETSs are less than 10 mm
in size and grow slowly, exhibiting a more favorable progno-
sis compared with adenocarcinomas. However, some may
progress invasively and metastasize to other organs [2].
Approximately 50% of rectal NETs are incidentally detect-
ed during colonoscopy in asymptomatic individuals at an ear-
ly stage. In cases of disease progression, symptoms such as
lower abdominal discomfort, constipation, rectal bleeding,
and diarrhea may manifest [3]. The most critical prognostic
factor is tumor size. The risk of metastasis increases with le-
sion size, ranging from 0-10% for tumors < 10 mm, 4-30%
for those 10-19 mm, and 57-80% for those > 20 mm
[3-5]. Additionally, metastatic risk is heightened in lesions
with morphological ulceration, erythema, depression, deep
muscular invasion, lymphatic or perineural invasion, a high
mitotic rate, an elevated Ki-67 index, or age > 60 years [6-8].
The treatment approach for rectal NETs is determined by
several factors, including lesion size, morphological features,
grade of differentiation, depth of vertical invasion, presence
of lymphatic vessel invasion, and risk of metastasis [9]. Al-
though the prognosis is generally favorable, locoregional or
distant metastasis can occur. Therefore, complete resection
is necessary for rectal NETs [10]. Several endoscopic treat-
ment modalities are available, including conventional polyp-
ectomy, endoscopic mucosal resection (EMR), cap-assisted
EMR (EMR-C), band ligation-assisted EMR (EMR-L), precut-
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ting EMR (EMR-P), and endoscopic submucosal dissection
(ESD). EMR-C, EMR-L, and EMR-P are collectively classified
as modified EMR techniques [1,11]. However, because most
rectal NETs originate in the submucosal layer, the rate of
complete resection by conventional polypectomy or EMR is
relatively low, at less than 60% [12-14].

Modified EMR techniques are more effective than con-
ventional EMR for treating small rectal NETs [15,16]. Howev-
er, few studies have specifically compared the effectiveness
of modified EMR techniques, particularly between EMR-P
and EMR-L. Therefore, we evaluated the clinical outcomes
of EMR-L and EMR-P for the treatment of small rectal NETSs.

METHODS

Study population and design

This study retrospectively reviewed patients who underwent
EMR-L or EMR-P for rectal NETs smaller than 10 mm at four
university hospitals in the Daejeon-Chungcheong region of
Korea from January 2018 to December 2022. Cases were
excluded if there were suspicions of metastasis based on ab-
dominopelvic computed tomography or deep invasion into
the proper muscle layer as indicated by endoscopic ultraso-
nography prior to endoscopic resection of rectal NETs. Ad-
ditionally, cases were excluded if rectal NETs were removed
using methods other than EMR-L or EMR-P, such as ESD,
conventional EMR, or EMR-C.

Data collection and outcome measurements

All patients underwent abdominopelvic computed tomogra-
phy to detect lymph node metastasis (LNM) and distant me-
tastasis. Additionally, based on the clinical judgment of in-
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Figure 1. EMR-L procedure. (A) Inject a mixed solution and aspirate the lesion into the ligation device. (B) Deploy the elastic band and
resect the snare below the elastic band using electrosurgical current. (C) Resect the rectal neuroendocrine tumor. EMR-L, ligation-assisted

endoscopic mucosal resection.

dividual endoscopists, some patients underwent endoscopic
ultrasonography to evaluate possible proper muscle layer in-
vasion or LNM. The size, color, and shape characteristics of
the tumors were determined by experienced endoscopists
who reviewed endoscopic findings and images documented
in the medical records at each participating hospital. Histo-
pathological analyses of tumor size, en bloc resection, and
complete resection were conducted by board-certified gas-
trointestinal pathologists at each hospital. The histological
grade of each rectal NET was determined based on the Ki-
67 index and mitotic activity, following the World Health
Organization classification [17].

Endoscopic procedure

All procedures were performed using single-channel colo-
noscopes (Series 260 and 290; Olympus America, Center
Valley, PA, USA). The selection of transparent caps and oval
snares, ranging in diameter from 10 to 15 mm, was based
on the individual preferences of the endoscopists, as was
the decision to use either EMR-L or EMR-P as the resection
method.

EMR-L utilizes band ligation, and the procedure was per-
formed as follows. After a mixed solution of 0.9% saline,
a small amount of indigo carmine, and epinephrine had
been injected into the submucosa, EMR-L was performed
by aspirating the lesion into the ligation device (a pneumatic
esophageal varix ligation device from Sumitomo Bakelite,
Tokyo, Japan; Shooter Saeed Multi-Band Ligator from Cook
Medical, Bloomington, IN, USA), deploying the elastic band,
and resecting the snare below the elastic band using an
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electrosurgical current (Endo Cut Q, effect 3, cut duration
1, cut interval 3, VIO 300D; ERBE Elektromedizin, Tubingen,
Germany) (Fig. 1).

EMR-P was performed as follows. A mixed solution of
0.9% saline was injected into the submucosa to elevate the
lesion. A circumferential incision, approximately 1-2 mm
from the lesion’s edge, was then made using an endoscopic
knife (DualKnife; Olympus Co., Tokyo, Japan) or the tip of
a snare. Following the incision, a snare was placed within
the groove, tightened, and used to resect the lesion with
electrosurgical current (Endo Cut Q, effect 3, cut duration 1,
cut interval 3; VIO 300D) (Fig. 2). After completion of both
procedures, endoscopists carefully inspected the resection
site for any residual lesion and potential complications, such
as perforation.

All patients underwent abdominal computed tomography
(CT) at the time of initial diagnosis to rule out metastasis.
After the index endoscopic resection, most patients under-
went follow-up colonoscopy within 6-12 months. Subse-
quent surveillance was performed at intervals of 1-2 years,
according to the discretion of the treating physician. Addi-
tional abdominal CT scans were also performed selectively,
depending on each physician’s clinical judgment.

Definitions of factors

The location of rectal NETs was categorized as lower (0-6
cm from the anal verge), middle (7-11 cm), and upper (12—
15 c¢m). En bloc resection was defined as the removal of the
entire tumor as a single piece, whereas complete resection
entailed en bloc removal with negative margins histological-
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Figure 2. EMR-P procedure. (A) Make a circumferential incision around the lesion’s edge using an endoscopic knife or the tip of a snare.
(B) Following the incision, place a snare within the groove, tighten it, and use it to resect the lesion with electrosurgical current. (C) Resect
the rectal neuroendocrine tumor. EMR-P, precutting endoscopic mucosal resection.

ly (tumor-free laterally and vertically). Total procedure time
was measured from the initiation of submucosal injection to
the completion of tumor resection, including any required
hemostatic interventions. Perforation was defined as either
direct penetration of the intestinal wall during the proce-
dure or the presence of extraluminal air detected on a post-
operative X-ray or computed tomography scan. Recurrence
was defined as the reappearance of a rectal NET at the orig-
inal resection site during the follow-up period.

Ethics approval and statistical analyses

This study was conducted in accordance with the Decla-
ration of Helsinki, and was approved by the Institutional
Review Boards (IRBs) of all participating institutions (Soon-
chunhyang University IRB No. SCHCA 2022-11-025; Dan-
kook University IRB No. DKUH 2022-10-028-001). Due to
the retrospective study, the need for informed consent was
waived.

Statistical analyses were performed using SPSS software
(version 21.0; IBM Corp., Armonk, NY, USA). For continu-
ous variables, we used an independent samples t-test; the
Mann-Whitney U test was used if the data did not follow a
normal distribution. For categorical variables, we used either
the chi-square test or Fisher's exact test. Values of p < 0.05
were considered statistically significant.

RESULTS

In total, 195 rectal NETs were successfully removed by ei-
ther EMR-L (n = 143) or EMR-P (n = 52). Mean ages were
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48.7 + 12.3 years in the EMR-L group and 50.2 + 11.5 years
in the EMR-P group, with no statistically significant differ-
ence between the two groups. A history of previous biopsy
before the procedure and the estimated lesion size signifi-
cantly differed between the two groups; no other factors
did (Table 1).

There were no significant differences in en bloc resec-
tion rate or complete resection rate (CRR) between the two
groups. However, the histologically measured lesion size
was significantly larger in the EMR-P group. The rates of posi-
tive lateral or vertical margins, depth of invasion, lymphovas-
cular invasion, and tumor grade did not significantly differ
between the groups. The mean total procedure time was
significantly longer in the EMR-P group. However, hospital
length of stay and the occurrence of complications, includ-
ing post-procedural bleeding, did not show statistically sig-
nificant differences between the groups. There were no cas-
es of perforation in either group, and no recurrences were
observed during the follow-up period (Table 2).

We analyzed potential factors influencing complete resec-
tion and found no significant associations with patient-relat-
ed factors such as age, sex, or underlying comorbidities. Ad-
ditionally, CRRs did not differ between endoscopic resection
methods. £n bloc resection was the only factor significantly
associated with a higher CRR (p = 0.003) (Table 3).

In the multivariate logistic regression analysis, previous
biopsy was identified as an independent predictor of incom-
plete resection (odds ratio, 6.30; 95% confidence interval,
1.07-37.08; p = 0.042). Other variables, including age, sex,
comorbidities, and resection method, were not significantly
associated with incomplete resection (Table 4).
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Table 1. Baseline characteristics of the EMR-L and EMR-P groups

Variable EMR-L (n = 143) EMR-P (n = 52) p value
Patients
Age (yr) 487 +12.3 50.2 £ 11.5 0.440
Sex (male) 97 (67.8) 33(63.5) 0.567
Hypertension 27 (18.9) 16 (30.8) 0.077
Diabetes mellitus 18 (12.6) 5(9.6) 0.569
Cardiovascular disease 2 (1.5) 0(0.0) >0.999
Cerebrovascular disease 2 (1.5) 0(0.0) >0.999
Antiplatelet/anticoagulant 5(3.5) 3(5.8) 0.479
Endoscopic findings
Endoscopic estimated lesion size (mm) 46+19 70+19 < 0.001
Lesion location (cm) 6.8+2.8 75+27 0.173
Lower (0—6 cm) 79 (55.2) 20 (38.5)
Mid (7-11 cm) 59 (41.3) 30(57.7) 0.112
Upper (12-15 cm) 5(3.5) 2 (3.8)
Central ulcer, flattening, or depression 3(2.1) 0(0.0) 0.566
Previous biopsy 75 (52.4) 14 (26.9) 0.002
Values are presented as mean + standard deviation or number (%).
EMR-L, ligation-assisted endoscopic mucosal resection; EMR-P, precutting endoscopic mucosal resection.
Table 2. Clinical outcomes
Variable EMR-L (n = 143) EMR-P (n = 52) p value
Histologic lesion size (mm) 4017 52+24 0.002
En bloc resection 143 (100.0) 50 (96.2) 0.070
Complete resection 137 (95.8) 47 (90.4) 0.140
Lateral margin positive 1(0.7) 0(0.0) 0.395
Vertical margin positive 5(3.5) 3(5.8) 0.143
Depth of invasion (submucosa) 143 (100.0) 52 (100.0)
Lymphovascular invasion 2(1.4) 1(1.9) >0.999
Grades > 0.999
Grade 1 142 (99.3) 52 (100)
Grade 2 1(0.7) 0(0.0)
Procedure time (min) 39+23 98+56 <0.001
Hospital stay (days) 22+08 20+0.8 0.136
Post procedural bleeding 3(2.1) 1(1.9) >0.999
Perforation 0(0.0) 0(0.0)
Follow-up period (mo) 220+ 145 9.8+43 < 0.001
Recurrence 0(0.0) 0(0.0)
Salvage treatment 1(0.7) 1(1.9) 0.463

Values are presented as mean + standard deviation or number (%).
EMR-L, ligation-assisted endoscopic mucosal resection; EMR-P, precutting endoscopic mucosal resection.
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Variable Complete resection (n = 184)  Incomplete resection (n = 11) p value

Age 4921 +12.2 4718 £10.0 0.590

Sex (male) 121 (65.8) 9(81.9) 0.342

Hypertension 41 (22.3) 2(18.2) >0.999

Diabetes mellitus 21 (11.4) 2(18.2) 0.622

Cardiovascular disease 2(1.0) 0(0.0) >0.999

Cerebrovascular disease 2(1.) 0(0.0) >0.999

Antiplatelet/anticoagulant 8(4.3) 0(0.0) >0.999

Treatment method
EMR-L 137 (74.5) 6 (54.5) 0.166
EMR-P 47 (25.5) 5(45.5)

En bloc resection 184 (100.0) 9(81.8) 0.003
Lower (0-6 cm) 93 (50.5) 6 (54.5) >0.999
Mid (7-11 cm) 84 (50.5) 5 (45.5)

Upper (12-15 cm) 7 (3.8) 0(0.0)

Central ulcer or flattening or depression 3(1.6) 0(0.0) >0.999

Previous biopsy 81 (44.0) 8(72.7) 0.116

Grade 1 183 (99.5) 11 (100.0) >0.999

Lymphovascular invasion 3(1.6) 0(0.0) >0.999

Values are presented as mean + standard deviation or number (%).

EMR-L, ligation-assisted endoscopic mucosal resection; EMR-P, precutting endoscopic mucosal resection.

DISCUSSION

Treatment strategies for rectal NETs can vary depending on
several factors, including tumor size, grade, stage, location,
the patient’s general condition, and the endoscopist’s pref-
erence. For small rectal NETs < 10 mm, endoscopic resection
is the preferred treatment method due to the low risk of
lymphovascular invasion, proper muscle layer invasion, re-
gional LNM, or distant metastasis [18]. As a result, the Eu-
ropean Neuroendocrine Tumor Society recommends endo-
scopic resection as the most appropriate treatment for small
NETs less than 10 mm in size [10].

Several methods of endoscopic resection are available,
which can be broadly categorized into conventional pol-
ypectomy, EMR, modified EMR, and ESD. EMR is the most
commonly used technique for colon polyp removal. This
procedure involves injecting normal saline into the submu-
cosal layer beneath the polyp or tumor to lift it away from
the underlying tissue, followed by removal using a snare
with electrical current [1]. In contrast, ESD involves dissec-
tion of the submucosal layer with an endoscopic knife after
submucosal injection; this technique is more challenging
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Table 4. Multivariate logistic regression analysis of factors
associated with incomplete resection

Variable OR (95% Cl) p value
Age 1.06 (0.98-1.14) 0.169
Sex (male) 1.76 (0.32-9.60) 0.5M

Hypertension 0.54 (0.04-7.61) 0.650
Diabetes mellitus 4.05 (0.29-56.45) 0.298
Cardiovascular disease NA >0.999
Cerebrovascular disease NA > 0.999
Antiplatelet/Anticoagulant NA >0.999
Treatment method 3.07 (0.60-15.84) 0.180
Location NA >0.999
Central ulcer or flattening or NA >0.999

depression

Previous biopsy 6.30 (1.07-37.08) 0.042
Grade NA > 0.999
Lymphovascular invasion NA 0.999

OR, odds ratio; Cl, confidence interval; NA, not estimable.

than other endoscopic resection methods [19]. Modified
EMR is a variation of standard EMR that utilizes additional
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devices. Depending on the device used, it can be classified
as EMR-C, which uses a cap; EMR-L, which employs band
ligation; and EMR-P, which involves precutting with an en-
doscopic knife or snare tip [1].

Conventional polypectomy and EMR are less invasive and
technically simple procedures but have a lower CRR than
other methods when removing rectal NETs (52.2-84.6%)
[20]. This is because rectal NETs are predominantly located
in the submucosal layer of the rectal wall, leading to chal-
lenging complete resection via these methods [19]. ESD can
resect rectal NETs more effectively in cases of deep involve-
ment and has a higher CRR (82.6-100%) relative to EMR
[20,21]. However, it needs more time than other methods,
requires an experienced endoscopist, and has a higher risk
of complications such as perforation and bleeding [1].

Modified EMR methods have demonstrated superior
performance compared with conventional EMR, achieving
higher CRR and shorter procedure time than ESD. As a re-
sult, they have gained widespread adoption for the removal
of small rectal NETs [18]. One study showed that EMR-C for
rectal NETs (4.6 = 1.7 mm) resulted in a significantly higher
CRR compared with ESD, while also demonstrating a signifi-
cantly shorter procedure time (3.8 £ 1.2 minvs. 14.4 + 7.3
min, p < 0.001) [22]. Another study that compared EMR-L
(4.4 £ 2.2 mm) and ESD (5.4 + 2.1 mm) for rectal NETs
revealed no differences in CRR, but EMR-L was associated
with a significantly shorter procedure time (17.4 = 4.4 min
vs. 28.8 + 16.2 min, p = 0.5577) and shorter hospital stay
(1.8 £ 3.1 daysvs. 6.2 + 2.1 days, p = 0.0162) [23]. EMR-P
has also shown promising results. One study detected a CRR
of 93.1% for rectal NETs (6.8 + 2.8 mm) using EMR-P, with
a mean procedure time of 9 min, a delayed bleeding rate
of 5.6%, and a perforation rate of 0% [18]. Another study
comparing EMR-P with ESD for small rectal NETs indicated
that EMR-P had significantly shorter procedure times and
shorter hospital stays, although the CRR did not significantly
differ between the two groups (85.0% vs. 82.8%, p=0.18)
[24].

Few studies have compared the results of modified
EMRs for rectal NETs. In one study that compared EMR-L
and EMR-C for small rectal NETs, EMR-L showed a slightly
(non-significantly) higher CRR. Procedure time and compli-
cation rate also did not significantly differ between the two
groups [25]. In another study of small rectal NETs, EMR-P
and EMR-L were not directly compared, but CRRs were
90.9% in EMR-P and 93.1% in EMR-L, and procedure times
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were 16.6 + 8.5 minutes in EMR-P and 10.7 + 4.3 minutes
in EMR-L [26]. A recent network meta-analysis comparing
endoscopic resection methods for rectal NETs demonstrated
that EMR-L achieved a significantly higher en bloc resection
rate than EMR-P, whereas the CRRs were not significant-
ly different between the two techniques. Importantly, the
rate of positive vertical margins was significantly higher in
EMR-P compared with EMR-L, further supporting the rela-
tive technical advantage of EMR-L in achieving deeper and
more complete resections [27].

In this study, we compared clinical outcomes between
EMR-L and EMR-P for small rectal NETs. CRRs did not sig-
nificantly differ between the EMR-L group (95.8%) and
the EMR-P group (90.4%), consistent with previous stud-
ies [23,25,26]. Although the histologically measured size
of rectal NETs was significantly larger in the EMR-P group,
the average size difference between the two groups was
approximately 1.2 mm, which would not have a substan-
tial impact on the results. Interestingly, although the EMR-L
group had smaller tumors, it also had a higher rate of prior
biopsies. Because biopsy-induced fibrosis can complicate
resection, the consistently high en bloc resection rate ob-
served in the EMR-L group suggests that EMR-L may provide
a technical advantage for small fibrotic lesions, particularly
those < 5 mm. Although our findings are limited, this impli-
cation underscores the potential clinical relevance of EMR-L.
There were no differences between the two groups in hos-
pital stay or complications such as postprocedural bleeding,
perforation, and recurrence. However, total procedure time
was significantly shorter in the EMR-L group.

This study has several limitations. First, its retrospective
design may have introduced selection bias, as the choice
of endoscopic resection method was at the discretion of
the endoscopist. Second, although most EMR-P procedures
were performed with an oval-type snare (10-15 mm), the
type and manufacturer of snares were not standardized
across institutions, and these factors could not be fully con-
trolled. In addition, the precutting devices (endoscopic knife
or snare tip) used in EMR-P could not be evaluated sepa-
rately. Third, there was a significant difference in follow-up
duration between the EMR-L and EMR-P groups, which
may have biased the interpretation of recurrence outcomes.
However, as no recurrence was observed in either group,
the results remained unchanged when the analysis was re-
stricted to the first 12 months after resection. Fourth, there
was an imbalance in lesion size and sample distribution be-
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tween the two groups. Although multivariate analysis sug-
gested that lesion size was not an independent predictor
of incomplete resection, the small number of EMR-P cases
limited the statistical power for subgroup analyses. Thus,
potential confounding related to lesion characteristics and
operator preference cannot be excluded. Taken together,
these limitations highlight the need for future large-scale
prospective studies with matched cohorts and long-term
follow-up to validate our findings.

Despite these limitations, this is the first study to directly
compare EMR-L and EMR-P in a relatively large retrospective
comparative analysis. Both EMR-L and EMR-P are excellent
treatment options for small rectal NETSs, offering high CRR,
low complication rates, and low recurrence. Therefore, this
study provides valuable information for clinicians utilizing
these methods. Future studies should involve large-scale,
prospective comparative designs with longer follow-up pe-
riods; they also should investigate potential differences be-
tween the use of an endoscopic knife and a snare tip.

In conclusion, both EMR-L and EMR-P achieved high en
bloc and CRRs with a favorable safety profile. However,
EMR-L was significantly faster than EMR-P, suggesting that
it is a more time-efficient approach for small rectal NET re-
section.

KEY MESSAGE

1. EMR-L and EMR-P both showed high resection
success and safety for small rectal NETs. EMR-L
was significantly faster, making it a more time-effi-
cient option.
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