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Background: The efficacy of endoscopic resection in patients with rectal neuroendocrine tumors (NET5)
which are less than 20 mm in diameter remains unclear. This study aimed to investigate the efficacy and
outcomes of different types of endoscopic resection in patients with NETs.

Methods: We performed a retrospective analysis and follow-up on 98 patients who underwent endoscopic
resection for rectal NETs between August 2010 and October 2019 at Guangdong Provincial People’s
Hospital, China. The lesions were preoperatively classified according to their endoscopic morphology and
measured by endoscopic ultrasound. Patients were divided into modified endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection (ESD) groups depending on the endoscopic treatment they received.
The en bloc resection rate, histopathological complete resection rate, and the complication rate of the
2 groups were evaluated after the operation. The risk factors for incomplete resection were also analyzed.
Results: The average diameter of the 98 NETs was 6.29+2.90 mm (range, 2—15 mm). The en bloc resection
rate of the modified EMR and ESD treatment groups was 97.2% (35/36) and 100% (62/62), respectively.
The histopathological complete resection rate was 86.1% (31/36) and 87.1% (54/62), respectively. No tumor
recurrence or tumor-related death occurred. There were no statistically significant differences in the rate of
histopathological complete resection, perforation, or delayed hemorrhage between the 2 groups (P>0.05).
Multivariate analysis demonstrated that the depth of tumor invasion (P=0.007) and tumor diameter (P<0.001)
were independent risk factors for histopathological complete resection.

Conclusions: Modified EMR and ESD are safe and effective endoscopic approaches for the resection of
rectal NETs <15 mm in diameter. Endoscopic resection requires a comprehensive preoperative evaluation of

risk factors including the depth of tumor invasion and tumor diameter.
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Introduction

Rectal neuroendocrine tumors (NETs) are small but
potentially malignant tumors, which were once considered
rare. However, due to the rapid prevalence of colonoscopy
in the past few decades, the global incidence of rectal
NETs has increased by several to a dozen times, while the
detection rate via colonoscopy is about 0.05-0.07% (1-6).
In Asia, the rectum is the most common primary site
for gastroenteropancreatic NETs, of which rectal NETs
account for 60-89%. The prognosis of rectal NETs can
vary greatly depending on tumor grade, size, depth of
invasion, and lymphatic vascular invasion (7-10), which
has raised increasing concern among clinicians. It has
been noted that 66-80% of rectal NETs are small in size
and found incidentally under colonoscopy (2). Currently,
in situ tumors <10 mm in diameter and confined to the
mucosa and submucosa are acknowledged to have a low
risk of lymph node metastases and can be treated locally
with endoscopic resection (11). Endoscopic treatment
approaches include conventional endoscopic mucosal
resection (EMR), modified EMRs such as cap-assisted
EMR (EMR-C) and ligation-assisted endoscopic mucosal
resection (EMR-L), and endoscopic submucosal dissection
(ESD) (12,13). Currently, most guidelines recommended
modified EMR or ESD for the endoscopic treatment of
rectal NETs to improve histologically complete resection of
the lesion and to reduce the rate of residual tissue (14,15).
However, recent studies have reported a 10-15% risk of
metastases for tumors 11-20 mm in diameter, and the
efficacy of endoscopic resection remains unclear (5,16). In
addition, the therapeutic efficacy of different endoscopic
resection approaches may differ. To this end, this study
retrospectively analyzed 98 patients who underwent
endoscopic resection for rectal NETS in our hospital from
August 2010 to October 2019. The aim was to investigate
the efficacy of different types of endoscopic resection by
analyzing the tumor morphology along with the complete
resection rate, complication rate, and outcomes. We present
the following article in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-391).

Methods
Study participants
From August 2010 to October 2019, a total of 159 patients
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with rectal NETs underwent endoscopic resection in
Guangdong Provincial People’s Hospital. Among them, 98
were included in this study, while the rest were excluded
for various reasons (38 underwent conventional EMR and
11 underwent preoperative biopsy, while in 12 cases, the
lesion margins were not successfully assessed). The inclusion
criteria were as follows: (I) patients were clinically diagnosed
with rectal NETs by ultrasound colonoscopy, and the lesions
were confined to the mucosal or submucosal layer with a
maximum diameter of 20 mm; (II) patients underwent an
enhanced computed tomography (CT) scan of the chest and
the whole abdomen before surgery to exclude lymph node
and distant metastases; and (III) the diagnosis of the NET
was confirmed by hematoxylin and eosin (HE) staining
and immunohistochemical (IHC) staining. The exclusion
criteria were as follows: (I) the tumor was larger than 20 mm
in diameter, or with ulceration or bleeding on the surface;
(IT) patients had distant metastases; (I11) patients had a
rectal NET but underwent endoscopy or biopsy in another
hospital; (IV) the lesion demonstrated a nonlifting sign after
submucosal injection before surgery; (V) patients’” NETs
were connected to another site in the digestive tract; and (VI)
the follow-up time was less than 6 months (Figure I).

Endoscopic classification of tumors

The endoscopic classification of tumors consisted of
3 types: type I, flat lesions less than 2.5 mm in height (smaller
than the diameter of the closed biopsy forceps); type 1I,
dome-shaped or hemispherical lesions larger than or equal
to 2.5 mm (the diameter of the closed biopsy forceps); and
type I1I, lesions with visible depression. The morphological
classification of all cases was independently assessed by
2 experienced endoscopists and finally determined by
consensus.

Surgical procedures

For preoperative preparation: UM2000 7.5/12 MHz
ultrasound probes (Olympus Corporation, Tokyo,
Japan) were used to assess tumor size and the depth of
invasion before surgery. All operations were performed
independently by highly experienced endoscopists in
our hospital. Both EMR-C and ESD (GIF-Q260] and
GIF-Q260, respectively; Olympus Corporation) were
performed using single-channel endoscopes (each of which
had a transparent cap fitted on the top) and VIO200D
high-frequency electrosurgical devices (ERBE, Tiibingen,
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A total of 159 patients with rectal NETs underwent endoscopic resection
in Guangdong Provincial People’s Hospital from August 2010 to
October 2019

38 cases underwent conventional EMR,
11 cases underwent preoperative biopsy,
12 cases failed to assess the margin of
lesions

Y

98 cases underwent modified EMR and ESD were finally included

12
\] Y
m-EMR group ESD group
(n=36) (n=62)

| Follow-up lose
>

Y

(n=6)

Seventy patients were followed up by endoscopy screening and
telephone interview simultaneously, 22 patients were through
telephone interviews

Flow chart showing the inclusion of study patients

Figure 1 Flowchart of the inclusion of patients in this study.

Figure 2 EMR-L of rectal neuroendocrine tumor. (A) Rectal tumor at the initial colonoscopy. (B) Ultrasound endoscopy showing tumor

confined to the submucosa. (C) Aspiration of the lesion into the transparent cap and release of the ligature ring. (D) Complete resection of

lesion. White arrow: tumor. EMR-L, ligation-assisted endoscopic mucosal resection; NET, neuroendocrine tumor.

Germany). EMR-L was performed with ligation devices,
and polypectomy snares (Cook Medical LLC, Bloomington,
IN, USA) were used to remove the lesions after ligation.
Dual knives and/or I'T knives (Olympus Corporation,
Tokyo, Japan) were used in ESD. Hemostatic forceps were
used in the operation to prevent bleeding.

The operating procedures were as follows: (I) for
EMR-L, the margin of the lesion was first marked with
an argon knife, which was followed by the submucosal

© Journal of Gastrointestinal Oncology. All rights reserved.

injection of normal saline. After fixing a multiple band
ligator on the side of the mirror, the endoscopist sucked
the lesion into the transparent cap and released the
ligator. The lesion was subsequently removed through
electrocoagulation (Figure 2). (II) For EMR-C, the margin
of the lesion was first marked with an argon knife, which
was followed by the submucosal injection of normal saline.
After a transparent cap was mounted on the side of the
mirror, the lesion was sucked into the transparent cap and
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Figure 3 EMR-C of rectal NET. (A) Rectal tumor is seen in the rectum on endoscopy. White arrow: tumor. (B) The submucosal hypoechoic

lesion is showed by ultrasound endoscopy. White arrow: tumor. (C) The lesion is pulled into a transparent cap. (D) The lesion of resection is

completed. EMR-C, cap-assisted EMR; NET, neuroendocrine tumor.

Figure 4 ESD of rectal NET. (A) Rectal tumor. (B) Ultrasound endoscopy showing deep mucosal hypoechoic lesion with posterior

echogenic attenuation. (C) Circumferential dissection of the mucosa surrounding the lesion. (D) Partial peeling of the lesion. (E) Complete

peeling of the lesion. (F) The resected tumor. ESD, endoscopic submucosal dissection; NET, neuroendocrine tumor.

ligated. Subsequently, the lesion was removed through
electrocoagulation (Figure 3). (III) For ESD, submucosal
injection of glycerol fructose-methylene blue-adrenaline
solution was arranged, and then the mucosa surrounding
the lesion was resected circumferentially and peeled off
gradually with electrocoagulation until the lesion was
completely removed. The wound was thereafter treated
with an argon knife (Figure 4).

© Journal of Gastrointestinal Oncology. All rights reserved.

Study outcomes

Endoscopic resection specimens were collected to evaluate
the en bloc resection rate and histopathological complete
resection rate (H-CR) of the lesions. En bloc resection
refers to the endoscopic excision of the entirety of a
lesion to gain a single specimen. H-CR is defined as the

absence of residual tumor on the lateral and deep margins
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of the resected specimen at microscopic examination.
Histopathological incomplete resection (H-IR) refers
to the presence of residual tumor on the lateral and/or
deep margins of the resected specimen at microscopic
examination. The size, surgical margin, invasion depth,
vascular invasion, and histological grade of tumor were
assessed based on HE staining, IHC staining, and other
methods. According to the WHO Classification of
Digestive System Tumors (2019) (17), we assessed the
histological grade (G1, G2, or G3) based on the mitoses and
Ki-67 index of the tumor: G1, mitoses <2/10 HPF (high-
power filed) and Ki-67 index <3%; G2, mitoses =2-20/10
HPF and Ki-67 index 3-20%; and G3, mitoses >20/10 HPF
and Ki-67 index >20%. Vascular invasion was evaluated
using D2-40 and CD34 IHC stains.

Complications related to endoscopic treatment included
postoperative perforation and delayed postoperative
hemorrhage. Postoperative perforation refers to the
perforation that is detected postoperatively through
endoscopic examination or imaging modalities. Delayed
postoperative hemorrhage refers to a hemorrhage that
cannot spontaneously stop within 24 h after endoscopic
resection and requires additional clinical interventions.

Postoperative treatment and follow-up

For patients who underwent complete tumor resection, we
recommended a colonoscopy examination every 6 months
in the first year after the operation. If there were no signs
of recurrence, an annual colonoscopy examination was
then recommended. For patients who underwent complete
resection but had a vascular invasion, or for patients who
underwent incomplete resection and refused additional
surgery, a colonoscopy was recommended 3, 6, and
12 months after the operation, and once a year thereafter if
no local recurrence occurred. If any suspected recurrence
was detected through a colonoscopy follow-up, a biopsy was
recommended. In this study, we aimed to follow-up with all
patients by endoscopy examination or telephone interview.

Statistical analyses

Statistical analyses were performed using SPSS 25.0
software (IBM, Armonk, NY, USA). Numeration data
were compared with a x’ test or Fisher’s exact test, and
measurement data are presented as mean = standard
deviation. The univariate analyses were performed using a
t-test or Mann-Whitney U test. A binary logistic regression
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analysis was performed to identify risk factors of H-CR, and
each odds ratio (OR) was calculated with a 95% confidence
interval (CI). A P value <0.05 was considered statistically
significant.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the ethics board of the Guangdong Provincial
People’s Hospital (No. KY-Q-2021-184-01). Informed
consent was waived because of the retrospective nature of
the study, and anonymous clinical data was use.

Results
Baseline characteristics

A total of 98 patients with rectal NETs were included in this
study, including 66 males (67.3%) and 32 females (32.7%).
The average age of patients was 48.29x12.11 years. The
average tumor diameter was 6.29£2.90 mm. There were 11
tumors located in the lower rectum (less than 5 cm from
the anal margin), 76 tumors located in the middle rectum
(5-9 cm from the anal margin), and 11 tumors located in
the upper rectum (10-15 cm from the anal margin).

Endoscopic tumor morphology

The lesions were round and flat, dome-shaped, or
hemispherical. The surface of the mucosa was smooth
and complete. The color of the lesions was yellow, pale
yellow, or white. Furthermore, 93 patients had a single
rectal lesion, and 5 patients had synchronous or multiple
rectal lesions. Endoscopic ultrasound (EUS) examination
showed a low-to-medium, even, or uneven echo lesion with
clear boundaries in the second and/or third layer. Of these,
46 cases were limited to the first or second layers, while
52 cases were limited to the second or third layers (7able I).

Endoscopic resection

All 98 patients underwent endoscopic treatment, with
62 undergoing ESD, 14 undergoing EMR-L, and 22
undergoing EMR-C. One patient experienced a delayed
postoperative hemorrhage, which was successfully controlled
after endoscopic interventions, and no intraoperative
perforation occurred. There were no significant differences

7 Gastrointest Oncol 2021;12(6):2763-2774 | https://dx.doi.org/10.21037/jgo-21-391



2768
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Characteristics Total m-EMR ESD P value
Number, n (%) 98 (100.0) 36 (36.7) 62 (63.3)
Age, mean + SD, years 48.29+12.11 47.39+10.84 48.84+12.85 0.579
Gender, n (%) 0.147
Male 66 (67.3) 21(58.3) 45(72.6)
Female 32 (32.7) 15(41.7) 17(27.4)
Lesion size, mean = SD, mm 6.29+2.90 4.36+1.40 7.40+£2.97 <0.01
Group according to distance from anal verge, n (%) 0.144
<5cm 11 (11.2) 6 (16.7) 5(8.1)
5-9cm 76 (77.6) 24 (66.7) 52 (83.9)
>10 cm 11 (11.2) 6 (16.7) 5(8.1)
Endoscopic morphology, n (%)
| 26 (26.5) 17 (47.2) 9 (14.5)
Il 67 (68.4) 19 (52.8) 48 (77.4)
1] 5(5.1) 0 5(8.1)
Tumor depth (EUS), n (%) 0.193
Limited to mucosa 46 (46.9) 20 (55.6) 26 (41.9)
Submucosa 52 (53.1) 16 (44.4) 36 (58.1)
Histologic grade, n (%) 0.133
G1 96 (98.0) 34 (94.4) 62 (100.0)
G2 2 (2.0 2(5.6) 0(0.0)
En-bloc resection, n (%) 98 (100.0) 35(97.2) 62 (100.0)
Resection margin, n (%) 1.000
Negative 85 (86.7) 31(86.1) 54 (87.1)
Positive 13 (13.3) 5(13.9) 8 (12.9)
Delayed hemorrhage rate, n (%) 0(0) 1(2.8) 0 (0) N
Perforation rate, n (%) 0(0) 0 (0) 0 (0) N
Recurrence rate, n (%) 0.666
Yes 0(0) 0 (0)
No 33 (91.7) 59 (95.2)
Indeterminate 3(8.3) 3(4.8)
Follow-up duration, mean + SD, months 26.57+23.84 35.36+29.58 21.47+18.15 0.005

© Journal of Gastrointestinal Oncology. All rights reserved.
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in the incidence of perforation and delayed hemorrhage
between the modified EMR and ESD treatment groups
(P>0.05; Table I).

Histopathological manifestations

According to the mitoses and Ki-67 proliferation index
classification, 96 cases were classified as G1 (98.0%) and
2 cases were classified as G2 (2.0%). The en bloc resection
rate was 99.0% (97/98). There were 85 cases with negative
lateral and deep margins and 13 cases with positive surgical
margins, resulting in an H-CR rate of 86.7% (85/98). Three
patients with positive tumor margins had additional surgery
(two with positive vertical margins and 1 with positive
lateral and vertical margins), and no residual tumor cells
were found at postoperative microscopic examination; 9 of
the remaining 10 cases had positive vertical margins, while 1
had a positive lateral and vertical margin. Vascular invasion
was found in 3 patients. The lesions were confined to the
mucosal layer in 36 cases and had invaded into the mucosal
and submucosal layer in 62 cases. There was no statistical
difference in the H-CR between the modified EMR and
ESD treatment groups (P>0.05; Table I).

Univariate analyses showed that the H-CR of both ESD
and modified EMR was significantly associated with invasion
depth, endoscopic classification, and tumor diameter (P<0.05),
while no significant relationship was found between gender,
age, distance from the anal margin, surgical procedure, or
prognosis (Table 2). In addition, the associations between
H-CR and invasion depth (P=0.007) and tumor diameter
were highly significant (P<0.001; Table 3).

Follow-up

We followed up with 70 patients by both endoscopy
screening and telephone interview and 22 by telephone
interview, but 6 were lost to the follow-up. The follow-up
time for the 92 patients ranged from 6 to 98 months, with
an average follow-up time of 28.30+23.58 months. There
was no tumor recurrence or NET-related death.

Discussion

Gastrointestinal NETs (GI-NETs) are a common type of
NET, and the rectum is the most common site of GI-NETs.
With the prevalence of colonoscopy, the incidence of rectal
NETSs has increased rapidly worldwide (18). The differences
in tumor grade, size, invasion depth, and lymphatic vascular
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invasion can directly influence the prognosis of patients and
represent a growing challenge among clinicians. According
to Ko et al. (19), the risk of developing rectal NETs is
1.5 times more likely to occur in males as opposed to
females, and the age of onset ranges from 37 to 57 years
old. In the present study, the incidence of rectal NETs was
significantly higher in males than in females and highest in
middle-aged and elderly patients, which was consistent with
Ko et al’s findings.

According to previous literature, most rectal NETs are
located 5-9 cm away from the anal margin (20,21). In this
study, of the 76 cases with tumors located 5-9 cm from
the anal margin, 65 (85.53%) had tumors less than 10 mm
in diameter. Rectal NETs are small submucosal lesions
that can be difficult to detect. For this reason, they can be
missed during endoscopic examination if the colonoscopy is
withdrawn too quickly. To guarantee the early diagnosis of
a tumor and allow more time for treatment, more caution
should be taken during rectum colonoscopies, especially for
the mid to distal rectum.

Accurate preoperative evaluation of rectal NETs is
critical for optimizing treatment decisions and is closely
associated with the prognosis of the disease. Guidelines
recommend that preoperative EUS examinations be used
to assess the tumor size, invasion depth, and lymph node
involvement to determine the stage of the disease, followed
by the optimal treatment (22,23). It is necessary to perform
CT, magnetic resonance imaging (MRI), and other imaging
examinations to evaluate local or distant metastases in case
of any local lymph node or muscularis propria invasion
detected by EUS examination. A previous study showed
that the accuracy of EUS in measuring the depth of tumor
invasion was 92.5% (24). The accuracy was 85.7% (84/98)
in this study, which suggests that EUS has a good diagnostic
performance in the preoperative evaluation of tumor stage.
It is also worth noting that 3 patients with negative surgical
margins were found to have vascular invasions in the
subsequent pathological evaluation in our study and that
the tumor diameter was less than 10 mm. Nagata er a/. (25)
reported a case of a rectal NET with a diameter of 8 mm
combined with liver metastases. Furthermore, Naunheim
et al. (26) found that 13 of 388 patents (3.4%) with rectal
NETs less than 10 mm in diameter developed metastases,
which suggests that patients with tumors smaller than
10 mm still have a risk of vascular invasion and metastases.
In other words, EUS can accurately assess the depth of
tumor invasion and significantly improve the accuracy of
preoperative local tumor staging. Therefore, despite the
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Table 2 The clinical and clinicopathologic characteristics of the patients with rectal NETs

Characteristics Total H-CR H-IR P value

Number, n (%) 98 (100.0) 85 (86.73) 13 (13.27) N

Age, mean + SD, years 48.29+12.11 48.61+11.63 46.15+15.28 0.498

Gender, n (%) 1.000

Male 66 (67.3) 57 (67.1) 9 (69.2)
Female 32 (32.7) 28 (32.9) 4 (30.8)
Group according to tumor size, n (%) 0.029
<7 mm 64 (65.3) 59 (69.4) 5 (38.5)
=7 mm 34 (34.7) 26 (30.6) 8 (61.5)
Endoscopic morphology, n (%) 0.481
[ 26 (26.5) 21 (80.77) 5 (19.23)
I 67 (68.4) 60 (89.56) 7 (10.44)
1T 5 (5.1) 4 (80.0) 1 (20.0)
Group according to distance from anal verge, mean + SD 6.60+2.06 6.58+2.07 6.77+2.05 0.755
Tumor depth (EUS), n (%) 0.558
Limited to mucosa 60 (61.2) 53 (62.4) 7 (53.8)
Submucosa 68 (38.8) 32 (37.6) 6 (46.2)
Tumor depth (pathology), n (%) 0.018
Limited to mucosa 36 (36.7) 35 (41.2) 1(7.7)
Submucosa 62 (63.3) 50 (58.8) 12 (92.3)
Histologic grade, n (%) 1.000
G1 85 (98.0) 83 (97.6) 13 (100.0)
G2 2 (2.0) 2(2.4) 0(0)

En-bloc resection, n (%) 98 (99.0) 84 (98.8) 13 (100.0) N

Group according to tumor size, mean + SD, mm 6.29+2.90 6.24+2.99 6.62+2.34 0.662

Delayed hemorrhage rate, n (%) 1(0.01) 1(0.01) 0(0) N

Perforation rate, n (%) 0 (0) 0 (0) 0(0) N

Recurrence rate, n (%) 0.562

Yes 0(0) 0 (0) 0(0)
No 92 (93.9) 78 (92.9) 13 (100.0)
Indeterminate 6 (6.1) 6 (7.1) 0(0)

Follow-up duration, mean + SD, months 28.30+23.58 25.96+23.60 30.54+25.99 0.522
small size of NET5, clinicians should be careful not to techniques, guidelines are increasingly recommending
overlook the possibility of the tumor developing metastases. endoscopic resection be used, as it is simple and convenient

Currently, surgical resection remains the only way to cure while offering reduced trauma and rapid rehabilitation
rectal NETs. With the rapid development of endoscopic (27-30). According to the international guidelines for
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Table 3 Multivariate analysis to determine factors associated with
histologically complete resection

Variables OR (95% Cl) P value
Tumor size 2.636 (1.590-4.369) <0.001
Tumor depth (pathology)

Limited to mucosa 1 (ref)

Submucosa 4.835 (1.534-15.237)  0.007
Endoscopic morphology, n (%)

| 1 (ref)

I+ 2.249 (0.640-7.898) 0.206

the diagnosis and treatment of gastroenteropancreatic
neuroendocrine neoplasms, endoscopic resection is
recommended for tumors <10 mm in diameter, and
endoscopic resection or radical surgery is recommended
for tumors of 10-20 mm depending on the invasion depth
and lymph node metastases. Endoscopic surgical resection
mainly includes conventional EMR, modified EMR, and
ESD. Most rectal NETs originate in the deep mucosal and
submucosal layers, and have the potential to infiltrate into
the submucosa. Conventional EMR techniques can only
remove lesions of mucosal origin, for example, colorectal
polyps. However, conventional EMR for lesions located
in the submucosal layer often results in a high rate of
residual lesions and requires further endoscopic or surgical
treatment. Therefore, according to the recommendations
of most of the current guidelines, a modified EMR or ESD
is recommended for rectal NETs to improve the rate of
histologically complete resection and to reduce the rate
of tissue residue. Due to the potential risk of metastasis of
rectal NETs, it is of critical importance to guarantee the
H-CR of the tumor during endoscopic treatment. Many
studies have proven that, for rectal NETs smaller than
10 mm in diameter, modified EMR affords a higher rate of
H-CR than does conventional EMR (13,31). Yang et al. (32)
showed that for rectal NETs 6-8 mm in diameter, there
was no significant difference in the H-CR rate between
modified EMR and ESD. However, few studies have
investigated the efficacy and safety of modified EMR and
ESD for treating rectal NETs larger than or equal to 7 mm
in diameter. Our study demonstrated that in the treatment
of NETs, there were no significant differences between
modified EMR (EMR-C/EMR-L) and ESD in terms of the
en bloc resection rate (97.2% wvs. 86.1%), H-CR rate (2.8%
vs. 0%), and complication rate (87.1% wvs. 0%), confirming
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that both treatments displayed good efficacy and safety.

A few previous studies have shown that endoscopic
approaches, tumor morphology, size, invasion depth, and
pathological grade may be risk factors that affect H-CR.
For example, Kim ez al. showed that the diameter of rectal
NETs is a risk factor affecting the H-CR rate regardless of
the endoscopic approach (EMR or modified EMR) (16).
In addition, Wang et a/l. (33) determined that endoscopic
tumor morphology and pathological tumor grade are
risk factors that affect the H-CR rate. In our study,
multivariate analysis showed that tumor diameter and the
depth of invasion were risk factors of the H-CR rate (OR
=2.636, P<0.001; OR =4.835, P=0.007). The risk factors of
histological complete endoscopic resection of rectal NETs
remain unclear, and more clinical studies are needed to
investigate this resection type.

Postoperative follow-up is important in the overall
management of rectal NETs and the efficacy assessment
of endoscopic treatment. Currently, it is believed that the
follow-up strategy after endoscopic resection of rectal
NETs should be made upon the recurrence risk, which
depends on the tumor size, grade, stage, and other factors.
The European Society for Medical Oncology (EMSO)
guidelines [2020] do not recommend a follow-up for rectal
NETs smaller than 10 mm in diameter (23). However, Kim
et al. (16) reported that among 277 patients undergoing
endoscopic resection for rectal NETS, 2 patients had local
recurrence and 1 patient died from distant metastasis; all
3 patients had a tumor diameter smaller than 10 mm, and
1 occurred 8 years after surgery. Therefore, the follow-
up strategy for patients with rectal NETSs less than 10 mm
in diameter warrants further investigation. For patients
with tumors 10-20 mm in size (G1 or G2), the National
Comprehensive Cancer Network (NCCN) and European
Neuroendocrine Tumor Society (ENETS) recommend
an annual endoscopic follow-up after surgery, and EUS is
recommended for further evaluation in case of suspected
recurrence. However, several previous studies have
demonstrated that patients with rectal NETs smaller than
20 mm had a good outcome and a low recurrence rate.
Sung et al. (34) performed a follow-up of at least 1-year on
157 patients with rectal NETs after endoscopic resection
and found that no patients relapsed. Another study showed
that no patients developed local tumor recurrence after
endoscopic treatment for rectal NETs during a follow-up
period of 25.8 to 62.5 months (median: 57.8 months) (35).
In this study, there were 13 cases with tumors of 10-20 mm
in diameter (average: 12.3+2.2 mm), and no recurrence
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occurred during the follow-up (31.1+25.4 months). Singh
et al. (36) suggested that colonoscopy should be performed
12 months after surgery in case of a suspected surgical
margin and that a further follow-up is no longer necessary
if the margin is clear; meanwhile, transrectal EUS or MRI
should be performed 12 months after resection if the
status of lymph node metastases is unclear. In our study,
13 patients had a positive deep margin, among whom 3
underwent additional surgery, while the other 10 underwent
a thorough follow-up. None were found to have tumor
recurrence. We believe that all patients should be followed
up after endoscopic resection for rectal NETs regardless
of their tumor diameter. The follow-up approaches
should involve endoscopy, ultrasound, blood biochemical
examinations, and a chest and abdominal CT scan when
necessary. The initial follow-up visit should be shortened
for patients with tumors of positive margins, G2 grade, and
larger than 10 mm in diameter. Recent studies have shown
vascular invasion of small rectal NETS to be a risk factor for
lymph node metastases. Despite the presence of vascular
invasion, small rectal NETs treated by endoscopy have
been found to have a good short-term outcome. However,
it is not necessary to perform radical surgery immediately
for small rectal NETs with vascular invasion, and a long-
term follow-up is recommended (37). In short, the optimal
strategy for the postoperative follow-up of rectal NETs
warrants further exploration.

Our study also has certain limitations. First, this is a
retrospective, single-center clinical study, and this might
have led to potential selection bias in the comparison
between modified EMR and ESD, which is inevitable in any
retrospective study. Second, the sample size of our study
was relatively small, and the conclusions of our study need
to be validated by multicenter studies with a larger sample
size. Finally, some patients only experienced a short follow-
up time, and some did not complete a follow-up.

Since the methods for managing NETs remain
controversial, especially for those >10 mm, the strength
of our study is in the evaluation of the effect of modified
EMR and ESD for NETs. We concluded that both
modified EMR and ESD were safe and effective endoscopic
approaches for the resection of rectal NETs <15 mm in
diameter. The cost of ESD is higher than that of modified
EMR and a much more complex procedure; our study
provides further insight into how both patients and
clinicians might decide between the different endoscopic
approaches. Despite similar problems and shortcomings
to previously published studies, including a limited sample
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size and retrospective design, our study has shown the
novel impacts of modified EMR and ESD.

In conclusion, modified EMR and ESD are safe and
effective for treating rectal NETs <15 mm in diameter.
Endoscopic resection requires the comprehensive
preoperative evaluation of certain risk factors, including the
depth of tumor invasion and tumor diameter. The follow-
up strategy for patients with rectal NETs after endoscopic
resection needs to be further optimized.
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