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Abstract

Background: To compare the outcomes of modified endoscopic mucosal resection (m-EMR) and endoscopic
submucosal dissection (ESD) for rectal neuroendocrine tumors (NETs) and evaluate the value of endoscopic
morphology classification in endoscopic resection (ER).

Methods: Patients with rectal NET diameters less than 2 cm who were treated between April 2007 and January
2019 were enrolled. The endoscopic morphology of rectal NETs was classified based on the endoscopic views.
Patients who underwent ESD and m-EMR were compared. Baseline characteristics as well as en bloc resection,
complete resection, the procedure time, adverse events and the risk factors associated with incomplete resection
were analyzed.

Results: A total of 429 patients with 449 rectal NETs were enrolled for the classification of endoscopic morphology
and were classified into four types (Ia, IIb, II, and III). There were 79 patients in the m-EMR group and 259 patients in
the ESD group before matching. Propensity score matching created 77 pairs between the two groups that were
well balanced. The mean procedure time was significantly shorter for m-EMR than for ESD (9.1 ± 4.4 min vs 16.0 ±
7.9 min, P = 0.000). The rates of en bloc resection (98.7% vs 100%; P = 1.000), complete resection (90.9% vs 93.5%,
P = 0.548) and adverse events (2.6% vs 2.6%, P = 1.000) were similar between the two groups. Univariate and
multivariate analyses showed that histopathological grade and endoscopic morphology were associated with
incomplete resection.
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Conclusion: Both ESD and m-EMR are effective and safe for the treatment of rectal NETs. Endoscopic morphology
should be considered along with histopathological grade for ER.

Keywords: ESD, M-EMR, Rectal neuroendocrine tumors, Endoscopic morphology classification

Background
The incidence of neuroendocrine tumors (NETs) has in-
creased in the past few decades [1]. Rectal NETs are the
second most common type of digestive NET after tu-
mors of the small intestine, and their rapidly increasing
incidence has been thought to be due to the increased
number of colonoscopies [2]. The prevalence of screen-
ing colonoscopies is 0.05–0.07% [3, 4]. Although rectal
NETs are generally asymptomatic and indolent, metasta-
ses can occur in some patients even with relatively small
tumors [5]. The prognosis of progressing rectal NETs is
similar to that of rectal cancer [5, 6]; therefore, the diag-
nosis and treatment of early rectal NETs are of great
importance.
Endoscopic resection (ER), including conventional

EMR, m-EMR and ESD, has been shown to be a safe
and effective modality for the treatment of small and lo-
calized early rectal NETs [7–10]. However, the outcomes
of different ER techniques have been shown to vary in
different studies [11, 12], and the optimal type of ER is
still controversial. M-EMR was developed from EMR
and includes EMR with cap (EMR-C), EMR with ligation
(EMR-L), EMR with circumferential incision (EMR-CI)
and EMR using a dual-channel endoscope; these have all
been proven to be safe and effective methods for treating
rectal NETs [13–17] and have been widely used around
the world. ESD has also been reported to have higher en
bloc and complete resection rates than conventional
EMR [9], although ESD is slightly more complicated and
time consuming than EMR and m-EMR. The optimal
strategy for ER in rectal NETs still requires additional
studies in order to provide strong evidence.
For the ER of rectal NETs, tumor metastasis is the first

aspect to be excluded. Studies have shown that factors
such as lesion size, pathological grade, lympho-vascular
invasion, and atypical features are associated with metas-
tasis [5, 10, 18, 19]. These factors should be considered
in the preoperative evaluation combined with examina-
tions such as EUS, CT, and MRI to identify muscularis
invasion as well as lymph node or distant metastasis be-
fore ER. Factors associated with incomplete resection
represent another aspect that should be highlighted, and
these factors include lesion size [15], central depression
on the surface [20] and location [21]. Of note, endo-
scopic appearance is related to both metastasis and in-
complete resection. Thus, attention should be paid to
endoscopic morphology during ER for rectal NETs, and

it may be useful to classify the endoscopic morphology
into different types. However, rectal NETs are a type of
subepithelial tumor that differs from epithelial neoplasia
[22]; because the classification of superficial neoplastic
lesions of the digestive tract is not suitable for rectal
NETs, endoscopic morphology should be classified ac-
cording to the characteristics of rectal NETs.
In this study, the endoscopic morphology of rectal

NETs was classified into types based on endoscopic
characteristics. The outcomes of m-EMR and ESD were
compared, and the value of endoscopic morphology clas-
sification for ER was also evaluated.

Methods
Patients and lesions
Patients with rectal NETs less than 2 cm in diameter
who underwent ER or surgery in a large tertiary, aca-
demic center from April 2007 and January 2019 were
enrolled in the endoscopic morphology classification.
Related data of the patients and lesions collected from
our clinical and endoscopic databases were analyzed.
After the analysis of endoscopic views for endoscopic
morphology classification, patients and lesions other
than m-EMR or ESD were excluded. The exclusion cri-
teria were as follows: (1) tumors removed by biopsy for-
ceps, polypectomy or surgery; (2) tumors resected by
conventional EMR; (3) muscularis propria invasion or
lymph node or distant metastasis confirmed before the
endoscopic procedure; and (4) patients with multiple le-
sions. Endoscopic ultrasonography (EUS), abdominopel-
vic computed tomography (CT) or magnetic resonance
imaging (MRI) were used to exclude muscularis invasion
as well as lymph node or distant metastasis before the
procedure. The flowchart is shown in Fig. 1. Written in-
formed consent was obtained from all patients before
performing any endoscopic procedures. The study was
approved by the Ethics Committee of the Institutional
Review Board of the Chinese PLA General Hospital.

Endoscopic morphology types
The classification was based on the evaluation of the im-
ages in the endoscopic database. The evaluation was
conducted by three endoscopists (En-Qiang Linghu,
Ning-Li Chai, Xiang-Yao Wang). Two endoscopists
(Ning-Li Chai, Xiang-Yao Wang) evaluated the images
of all patients independently, the results were compared
after evaluation. The cases with difference were re-
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evaluated by three endoscopists and discussed to deter-
mine the final types. The endoscopic morphology of rec-
tal NETs was classified into four types, Ia, Ib, II and III,
which were based on endoscopic characteristics with the
rectal lumen adequately inflated. The angle between the
edge of the tumor and the bottom of the mucosa was
named θ, which was an important factor for determining
the type of lesion. Other factors included elevated exten-
sion and depression as well as obvious ulcers on the sur-
face of the tumor. The height of tumor measured by
biopcy forceps can reduce the bias and facilitate to dif-
ferentiate type Ib and II. The height of type II is lower
than the height of the closed cups of biopsy forceps.

Propensity score matching analysis
Propensity score matching was used to minimize the
bias between the m-EMR group and the ESD group. Pa-
tient- and lesion-related characteristics were used as

independent variables. Age was categorized by the me-
dian values, and lesion size was categorized by the diam-
eter range. Finally, the matching variables were as
follows: age (< 49 years, ≥49 years), sex (male, female), le-
sion size (< 5 mm, 5 mm–9 mm, 10–14 mm, > 15 mm),
lesion location (upper third, middle third, lower third of
the rectum), histological grade (grade 1, grade 2), inva-
sion layer (mucosal, submucosal), and endoscopic
morphology type (Ia, Ib, II, III). Lesions in the m-EMR
group were matched with those in the ESD group at a 1:
1 ratio without replacement. The match tolerance was
set at 0.01.

Outcomes
The outcomes of this study were to compare the results,
including the procedure time, en bloc resection,
complete resection, the complications, and the recur-
rence rates of m-EMR and ESD. Endoscopic morphology

Fig. 1 Flow chart of the study
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types were classified according to the endoscopic view of
the lesion, and their values were evaluated in m-EMR
and ESD procedures for the treatment of rectal NETs.
Univariate and multivariate analyses were used to evalu-
ate the risk factors associated with incomplete resection.

M-EMR and ESD procedures
All patients with NETs were detected by colonoscopy. Pre-
operative EUS was performed using a UM3R ultrasonic
miniprobe (UMP, 20MHz; Olympus, Tokyo, Japan) to
evaluate the tumor size and invasion depth. A single-
channel endoscope (GIF-Q260J, PCF-Q260J, Olympus,
Tokyo, Japan) was used for the procedures. EMR-C, EMR-
CI and ESD were carried out with the use of a transparent
cap on the tip of the endoscope. A band ligation device was
used for EMR-L. A polypectomy snare (Cook, Winston-
Salem, USA) was used to remove the tumor in the m-EMR
procedure. A dual knife (Olympus, Tokyo, Japan) and/or an
IT (Olympus, Tokyo, Japan) was used for the incision of
the mucosa and for submucosal resection. Hemostatic for-
ceps were used to stop and prevent bleeding during the
procedure. The VIO200D electrosurgical unit (ERBE,
Tubingen, Germany) was used for all the procedures.

EMR-C
A submucosal injection of a 1:10000 epinephrine-saline
solution mixed with a small amount of methylene blue
was used to provide a submucosal cushion. The lesion
was then sucked into the transparent cap on the tip of
the endoscope. Snaring resection was used to remove
the lesion. Hemostasis using hemostatic forceps or
hemostatic clips was performed if necessary.

EMR-L
EMR-L was firstly reported as ESMR-L by Ono A. and
Fujii T. for rectal carcinoids in 2003 [23]. The tumor
was aspirated into the ligation device after the submuco-
sal injection, and then the elastic band was deployed.
Snaring was carried out below the band to remove the
tumor. The other steps were similar to those of EMR-C.

EMR-CI
A dot was marked on the circumference of the lesion,
followed by submucosal injection; after that, snaring was
performed effectively due to the circumferential incision.
The other steps were similar to those of EMR-C.

ESD
In the ESD procedure, dots were marked approximately
5 mm from the periphery of the lesion. Circumferential
mucosal incisions were made using a dual knife after the
submucosal injection, and submucosal dissection was
then carried out using the dual knife or IT knife until
the tumor was completely removed. Endoscopic

hemostasis was performed using hemostatic forceps to
stop the bleeding during the procedure and to coagulate
the exposed vessels of the defect after resection (Fig. 2).
The procedure time was measured from the submuco-

sal injection to the completion of ER. The tumor size
was measured with endoscopic biopsy forceps, EUS or
pathological evaluation of the specimen.

Histopathological evaluation
After resection, the specimens were fixed and lesion size
was measured on a plate before the specimens were
fixed in formalin solution. The specimens were then
stained with hematoxylin & eosin (H&E) for immunohis-
tochemistry (IHC) before the evaluation. The patho-
logical evaluation included the size, grade, invasion layer,
and lateral and vertical margins, and the evaluation was
performed by a pathologist and was based on the 2010
World Health Organization classification of tumors of
the digestive system [24]. Ki-67 was used to evaluate the
proliferation and classify the grade of the tumor. CD-34
and D2–40 were used to evaluate the lympho-vascular
invasion. Grade1 was determined as mitotic count < 2
per 10 high-power fields (HPF) and/or Ki67 ≤ 2%; Grade
2 was determined as mitotic count 2–20 per 10 HPF
and/or Ki67 3–20%.

Definition
En bloc resection was defined by the fact that the tumor
was endoscopically resected in its entirely in one piece.
Complete resection (R0) was defined as no evidence of a
tumor on both vertical and lateral margins upon histo-
logical examination. Incomplete resection was defined
by the fact that tumor-free margins were not achieved in
the ER.
Complications related to the procedure included post-

procedural bleeding and perforation. Postprocedural
bleeding was defined as hematochezia-required endo-
scopic hemostasis or surgery. Perforation was defined as
the defect of the whole rectal wall; the surrounding tis-
sues or organs could be seen through the hole during
the procedure.

Follow-up
Patients were recommended to undergo regular endo-
scopic examinations. For patients with complete resec-
tion, a colonoscopy was scheduled for 6, 12, and 24
months after the procedure. For patients with incom-
plete resection but who refused to undergo additional
surgery, strict follow-up colonoscopy was performed at
3, 6, and 12months, and if there was no local recur-
rence, a colonoscopy was recommended once a year. If
there was suspicion of recurrence during the follow-up
colonoscopy, a biopsy was performed.
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Statistical analysis
Continuous variables were analyzed with t tests and
Mann-Whitney U tests. The chi-square test was used
for categorical data. Propensity score matching was
used to match the variables between the two groups.
Multivariable logistic regression analysis was per-
formed to evaluate the factors associated with incom-
plete resection. A P value < 0.05 was considered
statistically significant. All statistical analyses were
performed using SPSS statistical software version 23.0
(SPSS, Inc., Chicago, IL, USA).

Results
Endoscopic morphology types
A total of 429 patients with NET lesions less than 2 cm
in diameter were enrolled in the study of endoscopic
morphology type. Type I was the most common type, in-
cluding Ia and Ib, in which Ib accounted for the most
frequent type. The characteristics and proportions of the
four types are shown in Fig. 2 and Table 1.

Baseline characteristics and treatment outcomes of m-
EMR and ESD before propensity score matching
The results of baseline characteristics and treatment
outcomes of m-EMR and ESD before propensity score
matching were shown in Table 1. A total of 338 pa-
tients met the inclusion criteria: 79 patients in the m-
EMR group (EMR-C 23, EMR-L 26, EMR-CI 30) and
259 patients in the ESD group. No significant differ-
ences in the baseline characteristics were found be-
tween the two groups except for tumor size. The
mean tumor size in the ESD group was larger than
that in the m-EMR group, and the ESD group had a
larger proportion of tumors that were ≥ 10 mm in size.
The procedure time was significantly different be-
tween the two groups. The m-EMR group had a

shorter procedure time than the ESD group (9.1 ± 4.4
vs 17.2 ± 9.7). The rates of en bloc resection (98.8%
vs 98.7%), complete resection (91.7% vs 91.1%) and
adverse events (2.4% vs 2.6%) were similar between
the two groups. All the patients with adverse events
were successfully managed with endoscopic treatment.
No significant differences in the baseline characteris-
tics and outcomes were found between the different
types of EMR methods groups (Table 2).

Baseline characteristics and treatment outcomes after
propensity score matching
Seventy-seven pairs were matched by propensity score
matching. The two groups were well balanced. The
baseline characteristics showed no significant differ-
ence between the two groups. The procedure time
was significantly different between the two groups;
the m-EMR group had a shorter procedure time than
the ESD group (9.1 ± 4.4 vs 16.0 ± 7.9, P = 0.000),
which was the same as the result before propensity
score matching. The other treatment outcomes, in-
cluding en bloc resection (98.7% vs 100%), complete
resection (90.9% vs 93.5%), and adverse events (2.6%
vs 2.6%), were not significantly different between the
two groups (Table 3).

Factors associated with incomplete resection
An analysis of factors associated with incomplete re-
section was performed. Univariate and multivariate
analyses before propensity score matching showed
that histopathological grade 2 (OR 3.478, 95%CI
1.375–8.839, P = 0.009) as well as endoscopic morph-
ology type II (OR 6.651, 95%CI 1.238–35.743, P =
0.027) and type III (OR 6.806, 95%CI 1.064–43.560,
P = 0.043) were associated with incomplete resection
(Tables 4 and 5). The univariate and multivariate

Fig. 2 The characteristics of endoscopic types of rectal neuroendocrine tumor
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Table 1 Baseline characteristics of patients and tumors

Total(n = 338) m-EMR(n = 79) ESD(n = 259) P value

Patient Characteristics

Age, y 0.376

Mean ± SD 49.49 ± 10.8 50.4 ± 11.1 49.2 ± 10.7

Median (range) 49(15–80) 49(16–77) 49(15–80)

Sex, n (%) 0.762

Male 206(60.9%) 47(59.5%) 159 (61.4%)

Female 132(39.1%) 32(40.5%) 100 (38.6%)

Tumor Characteristics

Lesion size, mm 0.004*

Mean ± SD 6.8 ± 2.9 5.8 ± 1.9 7.1 ± 3.1

Median (range) 6.0(2–18) 6.0 (2–10) 6.0 (2–18)

Lesion size group, n (%) 0.011*

< 10mm 275(81.4%) 72(91.1%) 203(78.4%)

≥ 10 mm 63(18.6%) 7(8.9%) 56(21.6%)

Location, n(%)

Upper 22(6.5%) 6(7.6%) 16(6.2%) 0.552

Middle 170(50.3%) 43(54.4%) 127(49.0%)

Lower 146(43.2%) 30(38.0%) 116(44.8%)

Histopathological grade, n (%) 0.681

Grade 1 286(84.6%) 68(86.1%) 218(84.2%)

Grade 2 52(15.4%) 11(13.9%) 41(15.8%)

Invasion layer, n (%) 0.636

Mucosal 75(22.2%) 16(20.3%) 59(22.8%)

Submucosal 263(77.8%) 63(79.7%) 200(77.2%)

Endoscopic morphology, n (%)

Ia 39(11.5%) 6(7.6%) 33(12.7%) 0.146

Ib 230(68.1%) 59(74.7%) 171(66.0%)

II 51(15.1%) 13(16.4%) 38(14.7%)

III 18(5.3%) 1(1.3%) 17(6.6%)

Outcomes

Procedure time, min 0.000*

Mean ± SD 15.3 ± 9.4 9.1 ± 4.4 17.2 ± 9.7

Median (range) 12.0 (3–56) 8.0 (3–26) 15.0(4–56)

En bloc resection, n (%) 334(98.8%) 78 (98.7%) 256 (98.8%) 1.000

Complete resection(R0), n (%) 310(91.7%) 72(91.1%) 238(91.9%) 0.832

Procedure-related adverse events, n (%) 9(2.7%) 2(2.6%) 7(2.7%) 0.572

Postprocedural bleeding 7(2.1%) 1(1.3%) 6(2.3%)

Perforation 2(0.6%) 1(1.3%) 1(0.4%)

Operation involving incomplete resectiona, n (%) 7(2.1%) 1(1.3%) 6(2.3%) 0.902

ESD Endoscopic submucosal dissection, m-EMR Modified endoscopic mucosal resection, SD standard deviation
*p < 0.05
aOne patient in the m-EMR group and 4 patients in the ESD group underwent subsequent surgery, two patient in the ESD group underwent additional ESD due
to the positive resection margins
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analyses after propensity score matching further con-
firmed the results (Tables 6 and 7).

Follow-up results
The median follow-up was 39 (range 7–137) months. One
patient in the ESD group experienced recurrence 1 year
after the procedure. The other patients had no recurrence
or metastasis during the follow-up period. The recurrence
case was a 30-year old male. He was accidentally found
with a 1 cm tumor during colonoscopy. The ESD proced-
ure for the patient achieved en-bloc resection and
complete resection. The histopathological evaluation(H&E
and IHC) reported that the pathological grade was G1 and
no tumor cells were found in the lateral and vertical mar-
gin. However, the follow-up colonoscopy found a 4mm

elevated lesion at the ESD scar which was confirmed as
G1 NETs by endoscopic biopcy. The patient refused to re-
ceive additional endoscopic resection but chose to receive
regular endoscopic surveillance.

Discussion
This study with a relatively large patient number per-
formed at an academic, tertiary center showed that m-
EMR and ESD were safe and effective treatments for rec-
tal NETs. Histopathological grade and endoscopic
morphology were factors associated with incomplete
endoscopic resection. The classification of endoscopic
morphology may be helpful for the choice of optimal
treatment for rectal NETs.

Table 2 Baseline characteristics and outcomes of m-EMR group

EMR-C(n = 23) EMR-L(n = 26) EMR-CI(n = 30) P value

Patient Characteristics

Age, y (mean ± SD) 51.4 ± 12.6 48.6 ± 8.6 51.2 ± 11.9 0.641

Sex, male/female 12/11 19/7 16/14 0.226

Tumor Characteristics

Lesion size, mm (mean ± SD) 6.1 ± 1.8 5.4 ± 2.0 6.0 ± 1.9 0.376

Lesion size group, n (%) 0.955

< 10mm 21(91.3%) 24(92.3%) 27(90.0%)

≥ 10 mm 2(8.7%) 2(7.7%) 3(10.0%)

Location, n(%) 0.278

Upper 1(4.3%) 1(3.9%) 4(13.4%)

Middle 12(52.2%) 18(69.2%) 13(43.3%)

Lower 10(43.5%) 7(26.9%) 13(43.3%)

Histopathological grade, n (%) 0.129

Grade 1 22(95.7%) 23(88.5%) 23(76.7%)

Grade 2 1(4.3%) 3(11.5%) 7(23.3%)

Invasion layer, n (%) 0.691

Mucosal 6(26.1%) 5(19.2%) 5(16.7%)

Submucosal 17(73.9%) 21(80.8%) 25(83.3%)

Endoscopic morphology, n (%) 0.356

Ia 0(0.0%) 2(7.7%) 4(13.3%)

Ib 16(69.6%) 20(76.9%) 22(76.7%)

II 6(26.1%) 4(15.4%) 3 (10.0%)

III 1(4.3%) 0(0.0%) 0(0.0%)

Outcomes

Procedure time, min (mean ± SD) 9.6 ± 4.8 8.5 ± 5.1 9.2 ± 3.5 0.681

En bloc resection, n (%) 23(100%) 26(100%) 29 (96.7%) 0.437

Complete resection(R0), n (%) 19(82.6%) 26(100%) 27(90.0%) 0.098

Procedure-related adverse events, n (%) 1(4.3%) 0(0.0%) 1(3.3%) 0.747

Operation involving incomplete resection, n (%) 1(4.3%) 0(0.0%) 0(0.0%) 0.291

M-EMR modified endoscopic mucosal resection, EMR-C endoscopic mucosal resection with cap, EMR-L endoscopic mucosal resection with ligation, EMR-CI
endoscopic mucosal resection with circumferential incision, SD standard deviation
p < 0.05
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Rectal NETs represent a type of subepithelial
tumor that are usually located in the submucosal
layer; most NETs are detected at an early stage.
Compared with other subepithelial tumors, rectal
NETs have their own characteristics. Therefore, the
classification of superficial neoplastic lesions of the
digestive tract is not suitable for rectal NETs, and
endoscopic morphology should be classified accord-
ing to the characteristics of rectal NETs. Few studies
have focused on the classification of the endoscopic
morphology of subepithelial tumors. Based on endo-
scopic characteristics, we classified the endoscopic
morphology of rectal NETs into four types. The re-
sults showed that types II and III were associated
with incomplete resection. Therefore, the classifica-
tion may help to establish an optimal management
strategy for different types (size, pathological grade,

endoscopic morphology classification) of rectal
NETs. Advanced ER techniques should be considered
for lesions with more than one risk factor related to
incomplete resection. Further studies are needed to
explore more effective ER techniques, such as the
endoscopic tunnel technique [25, 26] and endoscopic
full-thickness resection (EFR) [27, 28], for the treat-
ment of rectal NETs.
For rectal NETs with diameters larger than 20 mm,

there is a high risk of lymph node and distant metas-
tases [5, 29, 30]; this was the case for all the tumors
in this study that had diameters less than 20 mm. ER
has been proven to be an effective and safe treatment
for rectal NETs without muscularis invasion and me-
tastasis for smaller tumors [7]. The main types of ER
include conventional EMR, m-EMR and ESD. ESD
and m-EMR, which include EMR-C, EMR-L and

Table 3 Matching factors between m-EMR and ESD group and outcomes after propensity score matching

m-EMR(n = 77) ESD(n = 77) P value

Variables matched between groups

Patient-related variables

Age, y (mean ± SD) 50.3 ± 11.2 50.6 ± 10.6 0.883

Sex, male/female 46/31 44/33 0.744

Lesion-related variables

Lesion size, mm (mean ± SD) 5.9 ± 1.9 6.3 ± 2.4 0.280

Lesion size group, n (%) 0.316

< 10 mm 70(90.9%) 66 (85.7%)

≥ 10 mm 7(9.1%) 11(14.3%)

Location, (U / Middle / L) 5/42/30 6/43/28 0.918

Histopathological grade(G1/G2) 66/11 70/7 0.316

Invasion layer, (M/SM) 16/61 14/63 0.684

Endoscopic morphology, n (%) 0.602

Ia 5(6.5%) 5(6.5%)

Ib 58(75.3%) 52(67.5%)

II 13(16.9%) 17(22.1%)

III 1(1.3%) 3(3.9%)

Outcomes

Procedure time, min 0.000*

Mean ± SD 9.1 ± 4.4 16.0 ± 7.9

Median (range) 8(3–26) 14(6–40)

En bloc resection, n (%) 76(98.7%) 77(100%) 1.000

Complete resection(R0), n (%) 70(90.9%) 72(93.5%) 0.548

Procedure-related adverse events, n (%) 2(2.6%) 2(2.6%) 1.000

Operation involving incomplete resectiona, no.(%) 1(1.3%) 2(2.6%) 1.000

ESD Endoscopic submucosal dissection, m-EMR Modified endoscopic mucosal resection, SD standard deviation, U upper third of rectum, L lower third of rectum, M
mucosal, SM submucosal
*p < 0.05
aThere are one patient in each group underwent subsequent surgery and one patient in the ESD group underwent additional ESD due to positive
resection margins
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EMR-CI, have been widely used in the treatment of
rectal NETs and have been reported to have a high
complete resection rate [11, 12]. This study compared
the outcomes of m-EMR and ESD, and the results
showed that both m-EMR and ESD were effective and
safe treatments for rectal NETs. M-EMR had a
shorter procedure time than ESD in terms of removal
of the lesion, but the two procedures demonstrated
similar rates of complete resection, en bloc resection

and adverse events both before and after propensity
score matching. However, the mean lesion size in the
m-EMR group was smaller than that in the ESD
group before propensity score matching, which may
be due to the constricted diameter of the assisting
plastic cap and ligation device in the m-EMR proced-
ure. In this study, 63 (18.6%) patients had a lesion
size ≥10 mm; 56 of these patients were treated with
ESD, and they achieved a high rate of en bloc resec-
tion and complete resection. However, ER for treating
tumor with size between 1 and 2 cm is still in contro-
versy. The NANETS Consensus Guidelines for the
Diagnosis and Management of Gastrointestinal
Neuroendocrine Tumors [31] and ENETS Consensus
Guidelines Update for Colorectal Neuroendocrine
Neoplasms [32] recommended ER for the manage-
ment of small rectal NETs(< 1 cm). But NCCN guide-
line for neuroendocrine tumors [33] recommended
that ER can be used for tumor ≤2 cm after radio-
logical assessment. Thus, more data are needed to
confirm the efficacy and safety of ER for rectal NETs
with diameter between 1 and 2 cm.
Because of the potential for malignancy, complete

resection is important for ER. Thus, factors impacting
complete resection should be explored. Studies have

Table 4 Factors associated with incomplete resection before propensity score matching

Complete resection (n = 310) incomplete resection (n = 28) P value

Patient-related variables

Age, y (mean ± SD) 49.2 ± 10.8 52.3 ± 10.8 0.158

Sex, male/female 180/121 17/11 0.979

Lesion-related variables

Lesion size group, n (%) 0.055

< 10mm 256(82.6%) 19 (67.9%)

≥ 10 mm 54(17.4%) 9(32.1%)

Location, (U / Middle / L) 18/160/132 4/10/14 0.108

Histopathological grade(G1/G2) 267/43 19/9 0.022*

Invasion layer, (M/SM) 72/238 3/25 0.127

Endoscopic morphology, n (%) 0.004*

Ia 37(11.9%) 2(7.1%)

Ib 217(70.0%) 13(46.4%)

II 42(13.6%) 9(32.2%)

III 14(4.5%) 4(14.3%)

Outcomes variables

Procedure type, n (%) 0.832

m-EMR 72(23.2%) 7(25.0%)

ESD 238(76.8%) 21(75.0%)

En bloc resection, n (%) 307(99.0%) 27(96.4%) 0.785

ESD Endoscopic submucosal dissection, m-EMR Modified endoscopic mucosal resection, SD standard deviation, U upper third of rectum, L lower third of rectum, M
mucosal, SM submucosal
*p < 0.05

Table 5 Multivariate analysis for incomplete resection before
propensity score matching

Variables Odds ratio 95% CI P value

Histopathological grade

Grade 1 1(reference)

Grade 2 3.478 1.375–8.839 0.009*

Endoscopic morphology

Ia 1(reference)

Ib 1.750 0.356–8.588 0.491

II 6.651 1.238–35.743 0.027*

III 6.806 1.064–43.560 0.043*

CI confidence interval
*p < 0.05
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shown that lesion size, central depression and loca-
tion are associated with incomplete resection [15, 20,
21]. The results of this study confirmed that patho-
logical grade and endoscopic morphology type were
associated with incomplete resection. The endoscopic
morphology type has been reported in previous re-
search, but it has not been further studied.
The study has some limitations. First, it was a

retrospective study that was conducted in a single ter-
tiary center, which may have the drawback of selec-
tion bias. To compensate for this, propensity score

matching was used to minimize the bias and to bal-
ance the two groups. Second, the number of patient
in this study was still not large enough, and further
studies are required to validate the endoscopic
morphology classification for the treatment of rectal
NETs. Third, the follow-up was not strictly standard-
ized, and the follow-up period in some patients was
insufficient, especially in patients with incomplete re-
section. A long-term follow-up study is needed to
verify the prognosis of rectal NET patients with in-
complete ER.

Conclusion
In conclusion, both ESD and m-EMR are effective and
safe for treating rectal NETs. Endoscopic morphology
should be considered an important factor along with
histopathological grade for the ER of rectal NETs. ESD
and m-EMR can be selectively used for different types of
rectal NETs.

Abbreviations
M-EMR: Modified endoscopic mucosal resection; ESD: Endoscopic
submucosal dissection; ER: Endoscopic resection; NETs: Neuroendocrine
tumors; EUS: Endoscopic ultrasonography; CT: Computed tomography;
MRI: Magnetic resonance imaging

Table 6 Factors associated with incomplete resection after propensity score matching

Complete resection (n = 142) incomplete resection (n = 12) P value

Patient-related variables

Age, y (mean ± SD) 50.7 ± 11.0 47.6 ± 8.4 0.257

Sex, male/female 81/61 9/3 0.364

Lesion-related variables

Lesion size, mm (mean ± SD) 6.1 ± 2.2 6.5 ± 1.6 0.318

Lesion size group, n (%)

< 10mm 124(87.3%) 12 (100%) 0.398

≥ 10 mm 18(12.7%) 0(0.0%)

Location, (U / Middle / L) 9/79/54 2/6/4 0.410

Histopathological grade(G1/G2) 128/14 8/4 0.050

Invasion layer, (M/SM) 29/113 1/11 0.525

Endoscopic morphology, n (%) 0.022*

Ia 10(7.1%) 0(0.0%)

Ib 104(73.2%) 6(50.0%)

II 26(18.3%) 4(33.3%)

III 2(1.4%) 2(16.7%)

Outcomes variables

Procedure type, n (%) 0.548

m-EMR 70(49.3%) 7(58.3%)

ESD 72(50.7%) 5(41.7%)

En bloc resection, n (%) 141(99.3%) 12(100%) 0.922

ESD Endoscopic submucosal dissection, m-EMR Modified endoscopic mucosal resection, SD standard deviation, U upper third of rectum, L lower third of rectum, M
mucosal, SM submucosal
*p < 0.05

Table 7 Multivariate analysis for incomplete resection after
propensity score matching

Variables Odds ratio 95% CI P value

Histopathological grade

Grade 1 1(reference)

Grade 2 5.749 1.420–23.271 0.014*

Endoscopic morphology

Ia + Ib 1(reference)

II + III 3.896 1.212–12.528 0.022*

CI confidence interval
*p < 0.05

Wang et al. BMC Gastroenterology          (2020) 20:200 Page 10 of 12



Acknowledgments
The authors thank all colleagues in the department of gastroenterology and
hepatology of Chinese PLA General Hospital for their support of this work.
The authors thank the National Key R&D Program of China for founding this
project.

Ethics approval and consents to participate
The study was approved by the Ethics Committee of the Institutional Review
Board of the Chinese PLA General Hospital. Written informed consent was
obtained from all patients before performing any endoscopic procedures.

Authors’ contributions
EQLH—study concept, led the team to perform the procedures and
provided critical edits. XYW, NLC—study design, data collecting, data
analysis, co-wrote the manuscript. STQ, LSL, JLZ, JYX, XXL—data collecting,
data analysis, and provided critical edits. All authors reviewed and approved
the final version of the manuscript.

Authors’ information
Department of Gastroenterology and Hepatology, Chinese PLA Hospital, No.
28 Fuxing Road, Beijing 100853, China.

Funding
The study was funded by the National Key R&D Program of China (No.
2016YFC1303601). The founders had no role in the study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Consent for publication
Written consent for publication has been granted by the patient, who
agreed that details/images may be viewed on the Internet and accessed by
the general public.

Competing interests
The authors declare that they have no competing interest.

Received: 3 March 2020 Accepted: 9 June 2020

References
1. Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, Abdalla EK,

Fleming JB, Vauthey JN, Rashid A, et al. One hundred years after “carcinoid”:
epidemiology of and prognostic factors for neuroendocrine tumors in
35,825 cases in the United States. J Clin Oncol. 2008;26(18):3063–72.

2. Dasari A, Shen C, Halperin D, Zhao B, Zhou S, Xu Y, Shih T, Yao JC. Trends in
the incidence, prevalence, and survival outcomes in patients with
neuroendocrine tumors in the United States. JAMA Oncol. 2017;3(10):1335–42.

3. Kaminski MPM, Regula J, et al. Prevalence and endoscopic features of rectal
neuroendocrine tumors (carcinoids) among 50148 participants of the Polish
colorectal-cancer screening programme. Gut. 2007;56(suppl 3):A310.

4. Taghavi S, Jayarajan SN, Powers BD, Davey A, Willis AI. Examining rectal
carcinoids in the era of screening colonoscopy: a surveillance,
epidemiology, and end results analysis. Dis Colon Rectum. 2013;56(8):952–9.

5. Konishi T, Watanabe T, Kishimoto J, Kotake K, Muto T, Nagawa H. Prognosis
and risk factors of metastasis in colorectal carcinoids: results of a nationwide
registry over 15 years. Gut. 2007;56(6):863–8.

6. Modlin IM, Lye KD, Kidd M. A 5-decade analysis of 13,715 carcinoid tumors.
Cancer. 2003;97(4):934–59.

7. Caplin M, Sundin A, Nillson O, Baum RP, Klose KJ, Kelestimur F, Plockinger U,
Papotti M, Salazar R, Pascher A. ENETS consensus guidelines for the
management of patients with digestive neuroendocrine neoplasms: colorectal
neuroendocrine neoplasms. Neuroendocrinology. 2012;95(2):88–97.

8. Lee DS, Jeon SW, Park SY, Jung MK, Cho CM, Tak WY, Kweon YO, Kim SK.
The feasibility of endoscopic submucosal dissection for rectal carcinoid
tumors: comparison with endoscopic mucosal resection. Endoscopy. 2010;
42(8):647–51.

9. Park HW, Byeon JS, Park YS, Yang DH, Yoon SM, Kim KJ, Ye BD, Myung SJ,
Yang SK, Kim JH. Endoscopic submucosal dissection for treatment of rectal
carcinoid tumors. Gastrointest Endosc. 2010;72(1):143–9.

10. Park CH, Cheon JH, Kim JO, Shin JE, Jang BI, Shin SJ, Jeen YT, Lee SH, Ji JS,
Han DS, et al. Criteria for decision making after endoscopic resection of
well-differentiated rectal carcinoids with regard to potential lymphatic
spread. Endoscopy. 2011;43(9):790–5.

11. Zhong DD, Shao LM, Cai JT. Endoscopic mucosal resection vs endoscopic
submucosal dissection for rectal carcinoid tumours: a systematic review and
meta-analysis. Color Dis. 2013;15(3):283–91.

12. Zhou X, Xie H, Xie L, Li J, Cao W, Fu W. Endoscopic resection therapies for
rectal neuroendocrine tumors: a systematic review and meta-analysis. J
Gastroenterol Hepatol. 2014;29(2):259–68.

13. Niimi K, Goto O, Fujishiro M, Kodashima S, Ono S, Mochizuki S, Asada-
Hirayama I, Konno-Shimizu M, Mikami-Matsuda R, Minatsuki C, et al.
Endoscopic mucosal resection with a ligation device or endoscopic
submucosal dissection for rectal carcinoid tumors: an analysis of 24
consecutive cases. Dig Endosc. 2012;24(6):443–7.

14. Lee WH, Kim SW, Lim CH, Kim JS, Cho YK, Lee IS, Choi MG, Choi KY. Efficacy
of endoscopic mucosal resection using a dual-channel endoscope
compared with endoscopic submucosal dissection in the treatment of
rectal neuroendocrine tumors. Surg Endosc. 2013;27(11):4313–8.

15. Kim J, Kim JH, Lee JY, Chun J, Im JP, Kim JS. Clinical outcomes of
endoscopic mucosal resection for rectal neuroendocrine tumor. BMC
Gastroenterol. 2018;18(1):77.

16. Yang DH, Park Y, Park SH, Kim KJ, Ye BD, Byeon JS, Myung SJ, Yang SK. Cap-
assisted EMR for rectal neuroendocrine tumors: comparisons with
conventional EMR and endoscopic submucosal dissection (with videos).
Gastrointest Endosc. 2016;83(5):1015–1022; quiz 1023-.e1016.

17. Zhang J, Liu M, Li H, Chen J, Su H, Zheng J, Lin G, Lei X. Comparison of
endoscopic therapies for rectal carcinoid tumors: endoscopic mucosal
resection with circumferential incision versus endoscopic submucosal
dissection. Clin Res Hepatol Gastroenterol. 2018;42(1):24–30.

18. Shim KN, Yang SK, Myung SJ, Chang HS, Jung SA, Choe JW, Lee YJ, Byeon
JS, Lee JH, Jung HY, et al. Atypical endoscopic features of rectal carcinoids.
Endoscopy. 2004;36(4):313–6.

19. Kim BN, Sohn DK, Hong CW, Han KS, Chang HJ, Jung KH, Lim SB, Choi HS,
Jeong SY, Park JG. Atypical endoscopic features can be associated with
metastasis in rectal carcinoid tumors. Surg Endosc. 2008;22(9):1992–6.

20. Choi CW, Park SB, Kang DH, Kim HW, Kim SJ, Nam HS, Ryu DG. The clinical
outcomes and risk factors associated with incomplete endoscopic resection
of rectal carcinoid tumor. Surg Endosc. 2017;31(12):5006–11.

21. Kim HH, Park SJ, Lee SH, Park HU, Song CS, Park MI, Moon W. Efficacy of
endoscopic submucosal resection with a ligation device for removing small
rectal carcinoid tumor compared with endoscopic mucosal resection:
analysis of 100 cases. Dig Endosc. 2012;24(3):159–63.

22. Faulx AL, Kothari S, Acosta RD, Agrawal D, Bruining DH, Chandrasekhara V,
Eloubeidi MA, Fanelli RD, Gurudu SR, Khashab MA, et al. The role of
endoscopy in subepithelial lesions of the GI tract. Gastrointest Endosc. 2017;
85(6):1117–32.

23. Ono A, Fujii T, Saito Y, Matsuda T, Lee DT, Gotoda T, Saito D. Endoscopic
submucosal resection of rectal carcinoid tumors with a ligation device.
Gastrointest Endosc. 2003;57(4):583–7.

24. al BFCFHRe. WHO classification of tumors of the digestive system [M]. 4th
ed. Lyon: IARC; 2010.

25. Kobara H, Mori H, Chei L, Fujihara S, Nishiyama N, Masaki T. The advantage
of an endoscopic submucosal tunneling technique for rectal carcinoid
tumors. Gut Liver. 2017;11(5):735–7.

26. Linghu E, Feng X, Wang X, Meng J, Du H, Wang H. Endoscopic submucosal
tunnel dissection for large esophageal neoplastic lesions. Endoscopy. 2013;
45(1):60–2.

27. Klare P, Burlefinger R, Neu B, Bajbouj M, Specht K, Schmid RM, von Delius S.
Over-the-scope clip-assisted endoscopic full-thickness resection after
incomplete resection of a rectal neuroendocrine tumor. Endoscopy. 2015;
47(Suppl 1 UCTN):E47–8.

28. Grauer M, Gschwendtner A, Schafer C, Neumann H. Resection of rectal
carcinoids with the newly introduced endoscopic full-thickness resection
device. Endoscopy. 2016;48(Suppl 1):E123–4.

29. Landry CS, Brock G, Scoggins CR, McMasters KM, Martin RC 2nd. A proposed
staging system for rectal carcinoid tumors based on an analysis of 4701
patients. Surgery. 2008;144(3):460–6.

Wang et al. BMC Gastroenterology          (2020) 20:200 Page 11 of 12



30. Gleeson FC, Levy MJ, Dozois EJ, Larson DW, Wong Kee Song LM, Boardman
LA. Endoscopically identified well-differentiated rectal carcinoid tumors:
impact of tumor size on the natural history and outcomes. Gastrointest
Endosc. 2014;80(1):144–51.

31. Anthony LB, Strosberg JR, Klimstra DS, Maples WJ, O'Dorisio TM, Warner RR,
Wiseman GA, Benson AB 3rd, Pommier RF. The NANETS consensus
guidelines for the diagnosis and management of gastrointestinal
neuroendocrine tumors (nets): well-differentiated nets of the distal colon
and rectum. Pancreas. 2010;39(6):767–74.

32. Ramage JK, De Herder WW, Delle Fave G, Ferolla P, Ferone D, Ito T,
Ruszniewski P, Sundin A, Weber W, Zheng-Pei Z, et al. ENETS consensus
guidelines update for colorectal neuroendocrine neoplasms.
Neuroendocrinology. 2016;103(2):139–43.

33. Kulke MH, Shah MH, Benson AB 3rd, Bergsland E, Berlin JD, Blaszkowsky LS,
Emerson L, Engstrom PF, Fanta P, Giordano T, et al. Neuroendocrine tumors,
version 1.2015. J Natl Compr Cancer Netw. 2015;13(1):78–108.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Wang et al. BMC Gastroenterology          (2020) 20:200 Page 12 of 12


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients and lesions
	Endoscopic morphology types
	Propensity score matching analysis
	Outcomes
	M-EMR and ESD procedures
	EMR-C
	EMR-L
	EMR-CI
	ESD

	Histopathological evaluation
	Definition
	Follow-up
	Statistical analysis

	Results
	Endoscopic morphology types
	Baseline characteristics and treatment outcomes of m-EMR and ESD before propensity score matching
	Baseline characteristics and treatment outcomes after propensity score matching
	Factors associated with incomplete resection
	Follow-up results

	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Ethics approval and consents to participate
	Authors’ contributions
	Authors’ information
	Funding
	Availability of data and materials
	Consent for publication
	Competing interests
	References
	Publisher’s Note

