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Background/Aims: Endoscopic resection is the first-line treatment for rectal neuroendocrine tumors (NETs) measuring <1 cm and
those between 1 and 2 cm in size. However, conventional endoscopic resection cannot achieve complete resection in all cases. We
aimed to analyze clinical outcomes of precut endoscopic mucosal resection (EMR-P) used for the management of rectal NET.
Methods: EMR-P was used to treat rectal NET in 72 patients at a single tertiary center between 2011 and 2015. Both, circumferential
precutting and EMR were performed with the same snare device in all patients. Demographics, procedural details, and
histopathological features were reviewed for all cases.

Results: Mean size of the tumor measured endoscopically was 6.8+2.8 mm. En bloc and complete resection was achieved in 71
(98.6%) and 67 patients (93.1%), respectively. The mean time required for resection was 9.0+5.6 min. Immediate and delayed bleeding
developed in six (8.3%) and 4 patients (5.6%), respectively. Inmediate bleeding observed during EMR-P was associated with the risk of
delayed bleeding.

Conclusions: Both, the en bloc and complete resection rates of EMR-P in the treatment of rectal NETs using the same snare for
precutting and EMR were noted to be high. The procedure was short and safe. EMR-P may be a good treatment choice for the

management of rectal NETs. Clin Endosc 2017;50:585-591
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INTRODUCTION

The increasing incidence of rectal carcinoid tumors, also
called well-differentiated neuroendocrine tumors (NETSs) of
the rectum,” could be attributed to improved/higher rates
of screening colonoscopy, high-resolution enhanced endos-
copy; and greater awareness among endoscopists. Most rectal
NETs are detected incidentally as they rarely cause carcinoid
syndrome. Complete resection is the only definitive curative
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treatment for rectal NET." Because of the low risk of metasta-
sis, based on radiological evaluation, rectal NETs measuring
<1 cm, as well as selected tumors 1-2 cm in diameter are best
treated using endoscopic resection in patients negative for
metastasis.

Although complete resection is essential for cure, the com-
plete resection rate of rectal NETS observed with conventional
endoscopic mucosal resection (EMR) has been found to range
between 52.2% and 84.6%." Thus, a more effective method of
endoscopic resection is necessary. Although endoscopic sub-
mucosal dissection (ESD) is noted to achieve high en bloc and
complete resection rates,’ this procedure is associated with a
relatively high complication rate and a long procedure time, as
well as the need for a long learning curve to treat rectal NETS.
Therefore, in this study, we evaluated the efficacy of precut
endoscopic mucosal resection (EMR-P)—a simplified proce-
dure for the treatment of rectal NETS.
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MATERIALS AND METHODS

Patients

Endoscopic resection for rectal NET was performed in 218
patients at Asan Medical Center, between August 2011 and
March 2015, with all procedures performed by two endosco-
pists (DHY and JSB). All patients were evaluated using ab-
dominopelvic computed tomography and chest radiography
before undergoing endoscopic resection to exclude metastases
to regional lymph nodes and/or distant organs. Among these
218 patients, 68 were treated using conventional EMR, 37
using cap-assisted EMR, 30 using ESD, and 83 using EMR-P.
The method used for endoscopic resection was based on the
endoscopists preference/discretion. Although there was no
absolute specific indication regarding the choice of method,
conventional EMR was preferred if submucosal lifting was
satisfactory and secure snaring of the lesion was possible.
ESD was preferred for tumors measuring >1 cm in diame-
ter. Among the 83 patients who underwent EMR-P, 11 were
excluded—10 because EMR-P was performed in them for
resection of remnant NET after a previous resection and one
patient because of a previous history of chemoradiation ther-
apy of the rectum. Thus, eventually 72 patients were enrolled
in this study. This study was approved by the Institutional Re-
view Board of Asan Medical Center (IRB number: 2015-0789).

EMR-P procedure
EMR-P was performed using a single-channel endo-
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Fig. 1. Precut endoscopic mucosal resection of a rectal neuroendocrine tumor

(NET). (A) A9 mm sized rectal NET. (B) Following submucosal injection into the tumor,

scope (GIF-H260, GIF Q-260], CF-H260AI, or CF-HQ290I;
Olympus Medical Systems, Tokyo, Japan). Patients received
a submucosal injection of 0.9% saline solution mixed with
small amounts of 1:100,000 epinephrine and indigo carmine.
Circumferential incision/precutting was performed using the
tip of the snare (CAPTIVATOR or CAPTIVATOR II; Boston
Scientific, Marlborough, MA, USA) to cut along a margin
that was 2 mm outside the tumor. Subsequently, the snare was
securely positioned in the cut groove and tightened, and the
tumor was resected using electrical current (Fig. 1).

Definition of terms

Endoscopic en bloc resection of tumor was defined as one-
piece resection without fragmentation of the tumor. All
resected specimens were evaluated histopathologically to
determine the pathological diagnosis, status of the lateral
and deep resection margins, depth of invasion, and lympho-
vascular invasion. Each rectal NET was graded based on Ki-
67 index and mitotic activity according to the World Health
Organization (WHO) classification. Pathology slides were
reviewed, and complete resection was defined as specimens
showing margins free of tumor cells, regardless of the status of
lymphovascular invasion. Endoscopy images were reviewed.
Procedure time was defined as the time from the beginning
of submucosal injection to the completion of resection. Time
spent on controlling procedure-related bleeding was included
in the procedure time. Procedure-related bleeding was classi-

fied as immediate or delayed. Immediate bleeding was defined

—

the tip of the snare is introduced for circumferential incision/precutting. (C) Precutting around the tumor. (D, E) Secure snaring in the precut mucosal groove. (F) A clear

post-resection ulcer base is seen.
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as bleeding that developed during the procedure, which did
not stop spontaneously, necessitating hemostatic interventions
such as use of clips or argon plasma coagulation (APC). De-
layed bleeding was defined as hematochezia, which required
hemostatic interventions such as therapeutic endoscopy or
angiography after completion of the EMR-P. Perforation was
defined as intestinal wall penetration during the procedure or
radiological detection of any extraluminal air.

Outcome measures

Primary outcomes were en bloc and complete resection rates.
Secondary outcomes included procedure time and complica-
tions such as bleeding and perforation. We analyzed and investi-
gated predictive factors for clinical outcomes such as incomplete
resection and bleeding. Additionally, we reviewed literature
regarding various modified EMR methods for resection of rectal
NETs and compared their performance with our results.

Statistical analyses

Patient characteristics and endoscopic/histopathological
results of EMR-P were summarized with mean and standard
deviation (SD) for continuous variables and frequency and
percentage (%) for categorical variables. Univariate analysis
was performed using the X’ test or the Fisher exact test for
categorical variables and the Student’s t-test for continuous
variables. In regard to incomplete resection and delayed
bleeding, logistic regression was fitted to find any significant
associations between clinical predictive factors. A p-value
<0.05 was considered statistically significant. Data analysis
was performed using IBM SPSS version 19.0 software (IBM
Corp., Armonk, NY, USA) and R software version 2.13 (R
Foundation for Statistical Computing, Vienna, Austria; www.
r-project.org).

RESULTS

Baseline characteristics

Mean age of the 72 patients studied was 49+13 years.
Among these, 43 (59.7%) were men. All patients had been
diagnosed with rectal NET incidentally during screening
colonoscopy. Most rectal NETs were located at the mid-to-dis-
tal rectum at a mean distance of 5.8 cm from the anal verge.
Mean size of the tumor measured endoscopically was 6.8+2.8
mm. Baseline characteristics of enrolled patients and NETs are
summarized in Table 1.

Outcomes of EMR-P
En bloc and complete resection was achieved in 71 (98.6%)
and 67 patients (93.1%), respectively. Mean and median resec-
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tion times were 9.0+5.6 min and 7 min (range, 2.5-30 min),
respectively. Immediate bleeding developed in six patients
(8.3%) who were successfully treated using clips or APC. De-
layed bleeding developed in four patients (5.6%) who were
also treated endoscopically. None of these patients developed
perforation. Although five patients showed histologically
incomplete resection with positive resection margins, no addi-
tional surgery and/or endoscopic intervention was performed
because endoscopically we found that complete resection had
been achieved with no grossly visible residual lesion observed

Table 1. Baseline Demographic and Clinical Characteristics of Patients with
Rectal NETs

Variables All patients (n=72)
Men, 7 (%) 43 (59.7)
Age (yr), mean (SD) 49 (13.0)
Tumor location (cm)”, mean (SD) 5.8 (2.4)
Endoscopically estimated size (mm), 6.8 (2.8)
mean (SD)
Histologically measured size (mm), 6.2 (2.8)
mean (SD)
<10 mm, 7 (%) 63 (87.5)
>10 mm, 7 (%) 9(12.5)
Grade of NETSs, n (%)
Grade 1 66 (91.7)
Grade 2 6(8.3)

NET, neuroendocrine tumor; SD, standard deviation.
“Measured from the anal verge.

Table 2. Endoscopic and Histopathological Results of Precut Endoscopic
Mucosal Resection

Variables All patients (n=72)

Endoscopic and histopathological results

En bloc resection 71 (98.6)
Histologically complete resection 67(93.1)
Histological margin involvement 5(6.9)
Lateral 1(1.3)
Deep 3(4.3)
Both lateral and deep 1(1.3)
Lymphovascular invasion 3(4.3)
Procedure-related variables
Resection time (min), mean (SD) 9.0 (5.6)
Immediate bleeding 6(8.3)
Delayed bleeding 4 (5.6)
Perforation 0(0)

Data represent 7 (%) or mean (SD).
SD, standard deviation.
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Table 3. Predictive Factors for Delayed Bleeding

Delayed bleeding
p-value
No (n=68) Yes (n=4)

Sex 0.14

Men, 11 (%) 39 (57.4) 4(100)

Women, 7 (%) 29 (42.6) 0(0)
Age (yr), mean (SD) 48.8 (13.6) 47.5(9.1) 0.85
Tumor location (cm), mean (SD)” 5.9 (2.4) 4.5 (1.0) 0.06
Endoscopically estimated size (cm) mean (SD) 6.9 (2.80) 5.0 (2.16) 0.19
Histologically measured size (cm), mean (SD) 6.4 (2.76) 4.3(2.87) 0.15
En bloc resection, n (%) 67 (98.5) 4 (100) 1.00
Histologically complete resection, n (%) 63 (92.6) 4 (100) 1.00
Resection time (min), mean (SD) 8.7 (5.07) 12.9 (12.27) 0.55
Immediate bleeding, 1 (%) 4(5.9) 2 (50.0) 0.03

SD, standard deviation.
“Measured from the anal verge.

at the post-EMR-P ulcer site. Table 2 summarizes the out-
comes of EMR-P. Among 72 patients, 37 (51.4%) underwent
follow-up endoscopies during the median follow-up duration
of 12.6 months (range, 3.6-49.2 months) and showed no resid-
ual tumor or local recurrence. Among the three patients who
did show lymphovascular invasion, only one patient under-
went additional surgery and the other two were followed-up
without surgery. All these patients showed no locoregional
or distant recurrence. Among the five patients with positive
resection margins, four patients underwent follow-up endos-
copies. No patient among these four showed local recurrence.

Predictive factors for clinical outcomes

There were no risk factors which could predict incomplete
resection (data not shown). Regarding risk factors associated
with delayed bleeding, the presence of immediate bleeding
was the only identifiable factor that could be correlated with
delayed bleeding (Table 3). Although patients demonstrating
rectal NETs located in the lower rectum showed a tendency to
develop delayed bleeding, this association was not statistically
significant (p=0.06). Logistic regression including variables
such as sex, age, tumor location, tumor size, en bloc resection,
resection time, and immediate bleeding was performed, and
the odds ratio of immediate bleeding leading to/developing
into delayed bleeding was 16.00 (95% confidence interval,
1.76-145.12; p=0.01).

DISCUSSION

Results from this large case series showed that EMR-P was
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highly effective for resection of rectal NETs, as shown by the
high en bloc and complete resection rates, the acceptable pro-
cedure time, and the low complication rate. EMR-P compared
well with previous studies that assessed conventional and
modified EMR methods for management of rectal NET. The
mechanism that explains the efficacy of EMR-P in achieving
successful en bloc and complete resection is the method of
creating an incision at some distance from the tumor. This
increases the likelihood of negative resection margins. More-
over, EMR-P includes positioning and tightening the snare
deep in the cut groove, which is created at the outset of the
procedure to prevent the snare from slipping while grasping
the tumor.

Although most rectal NETs are resected endoscopically,
conventional EMR has been showing unsatisfactory complete
resection rates, ranging between 52.2% and 84.6%.” There
is no clarity regarding the inability of conventional EMR
to achieve a high complete resection rate. It could be due
in part to the nature of these tumors, which originate from
the lower crypts and demonstrate a subepithelial tumor-like
growth pattern. Thus, modified EMR techniques have been
tried to improve complete resection rates. Table 4 summarizes
outcomes of modified EMR methods used in the resection
of rectal NETs in previous studies and our present study.
ESD, which can more effectively resect deep-seated tumors,
was found to achieve an en bloc resection rate of 100% and a
complete resection rate of 82.6%-100%.”” However, despite
demonstrating a higher complete resection rate, the procedure
time required for ESD is the longest (11.4-24.9 min) among
all modified EMR methods. Additionally, ESD necessitates
services of an experienced endoscopist, although ESD may be
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Table 4. Summary of the Results of Previous Studies of Endoscopic Treatment of Rectal NETs

En bloc Complete
g a) Pp. q .
Method Study N(," of  Size (cm), resection, resection Procedure time (min), Complications”
patients mean (SD) mean (SD)
(%) (%)
EMR Park et al® 62 7.1(2.3) 95.2 71.0 42(3.2) Delayed bleeding: 0 (0%)
Perforation: 1 (1.6%)
Lee etal. 28 5.7 (4.0) 89.3 64.3 12.0 (12.9) None
Kim et al.” 55 6.5(3.2) 91 65.5 5.0 (0.8) None
Zhao et al."! 10 N/A 80 80 13.4(17.13) None
Huang et al.” 28 9(2.5) 96.55 82.14 4.2 (range, 2-10) None
ESD Park et al® 31 6.5 (2.6) 100 90.3 11.4 (3.7) Delayed bleeding: 0 (0%)
Perforation: 1 (3.2%)
Leeetal’ 46 6.2(3.1) 100 82.6 18.9 (7.3) Delayed bleeding: 0 (0%)
Perforation: 1 (2.2%)
Zhao et al."! 10 N/A 100 100 249 (5.78) None
Wang et al.” 25 12.27 (3.73) 100 100 24.79 (4.89) Delayed bleeding: 1 (4.0%)
Perforation: 2 (8.0%)
Cheungetal." 17 7.53 (1.94) 100 88.2 20.2 (12.6) Delayed bleeding: 0 (0%)
Perforation: 1 (5.9%)
EMR-C  Zhaoetal" 10 N/A 100 100 5.2 (0.78) None
Wang et al.” 30 10.35 (2.95) 83.3 70 9.52 (2.14) None
EMR-L  Mashimo et al. 61 6.4(2.4) N/A 95.2 N/A Delayed bleeding: 1 (1.6%)
Perforation: 0 (0%)
Kim et al.”’ 45 5.8 (2.4) 100 93.3 4.8(0.9) Delayed bleeding: 1 (2.2%)
Perforation: 0 (0%)
EMR-P  Huangetal" 31 9(2.5) 100 96.7 7.6 (range, 5-13)  None
Cheungetal." 16 6.63 (1.99) 87.5 81.2 9.69 (3.61) Delayed bleeding: 0 (0%)
Perforation: 1 (6.3%)
This study 72 6.2(2.8) 98.6 93.1 9.0 (5.6) Delayed bleeding: 4 (5.6%)

Perforation: 0 (0%)

Data reported as (%), mean (SD) or median (range).

NET, neuroendocrine tumor; SD, standard deviation; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection;
EMR-C, cap-assisted EMR; EMR-L, EMR using band ligation; EMR-P, precut endoscopic mucosal resection; N/A, not available.

“Histologically measured size.
"Delayed bleeding and perforation.

easier to perform for management of rectal NETs compared
to the management of large colorectal neoplasms in the prox-
imal colon. We propose that the ESD procedure utilized for
the management of rectal NETs should be utilized to train en-
doscopists intending to perform colorectal ESD.° We suggest
that ESD may be examined/assessed as a good treatment op-
tion for the management of rectal NETs when ESD specialists
or experienced ESD trainees who want to improve their ESD
skills are available.

Other modified EMR methods, including cap-assisted
EMR and EMR using band ligation, have been suggested as
treatment options for rectal NETs. These methods, while
demonstrating complication rates as low as those of conven-
tional EMR, have been shown to achieve higher complete

resection rates (70%-100%) compared to conventional EMR
(64.3%-82.1%). Their procedure time was acceptable, ranging
between 4.8 min and 9.52 min (Table 4). These methods were
as effective and safe as EMR-P, suggesting that any of these
modified EMR methods, including EMR-P, can be utilized to
resect rectal NETS, and that the selection of procedure is solely
at the discretion of the endoscopist.

Our study showed that EMR-P has several advantages over
other related procedures: (1) Unlike cap-assisted EMR and
EMR using band ligation, which require additional accesso-
ries such as cap and ligating devices, respectively, EMR-P does
not require any additional instruments because precutting is
performed using the snare tip.*'* (2) Unlike cap-assisted EMR,
which is limited in terms of tumor size that can be resected
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because the tumor must be aspirated through the cap, EMR-P
has no such size limitation with respect to tumor resection.""

Two previous studies have investigated the usefulness of
EMR-P for resection of rectal NET.”"* These studies, which
enrolled 31 and 16 patients, respectively, showed complete re-
section rates of 96.7%, and 81.2%, respectively, which are com-
parable to the complete resection rate of 93.1% demonstrated
in this present study. These findings indicate that EMR-P is a
highly effective endoscopic resection method for the manage-
ment of rectal NETs. Moreover, EMR-P was found to be safe
because no patient demonstrated perforation. Although de-
layed bleeding did occur, all patients who developed delayed
bleeding could be managed endoscopically. Additionally,
immediate bleeding was noted to be a predictive factor for the
development of delayed bleeding in our present study, as was
found in previous reports that describe risk factors for delayed
bleeding after EMR of gastric or colorectal polyps.”" Thus, it
is recommended that endoscopists should pay more attention
in patients showing immediate bleeding after EMR-P of rectal
NET to reduce the risk of delayed bleeding. Furthermore, the
post-resection ulcer can be observed over a longer duration
of time such as approximately 5 min to assess and control any
visible vessels, which are more likely to be noticed after 5 min
than within 1-3 min after colonic EMR."

A strength of our EMR-P method compared to previous
studies describing EMR-P""* was our use of the snare tip
rather than specialized endoknives for precutting. Use of the
snare tip reduced the time and cost of this procedure, because
additional accessories did not have to be introduced and
withdrawn before snaring. To the best of our knowledge, ours
is the largest study series evaluating the efficacy of EMR-P for
the management of rectal NETs using a single snare device
without the need for further knives, which confirms the clini-
cal usefulness of this method in clinical practice.

Limitations of our study: (1) Ours was a retrospective anal-
ysis, and selection of the endoscopic resection method used
was at the discretion of each endoscopist, which may have re-
sulted in selection bias. However, selection bias was likely not
very significant because selection of the endoscopic resection
method was not based on any predefined absolute criteria.
Additionally, EMR-P was performed in relatively difficult
cases, because conventional EMR was generally used when
submucosal lifting was satisfactory and secure snaring of the
lesion was possible as described previously. Thus, it is possible
to infer that EMR-P demonstrated a good performance, based
on our study results. (2) Only 51.4% of enrolled patients un-
derwent follow-up endoscopies, and verifying prognosis after
EMR-P in this small number of cases who did undergo fol-
low-up endoscopies was difficult. Thus, studies with a greater
number of patients are necessary to confirm the accuracy of
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our follow-up results. (3) The median follow-up period of this
study was only 12.6 months. Thus, we could not investigate
patients over a long-term follow-up duration to assess local or
distant recurrence. However, previous studies describe excel-
lent long-term outcomes after endoscopic resection of rectal
NETs <10 mm with no recurrence or metastasis noted in any
patient after a median duration of 31 months, regardless of
resection margin status.” In that study, most patients (107/109)
underwent conventional EMR, and the complete resection
rate was only 49.5%."” Because our study showed a higher
complete resection rate, we reason that prognosis would be
excellent, although long-term outcomes were not analyzed
directly.

In conclusion, EMR-P using the snare tip for precutting and
the same snare for EMR is a highly effective method for re-
section of rectal NETs, showing high en bloc and complete re-
section rates, a short procedure time, and an acceptable safety
profile without additional costs.
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