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Abstract
AIM: To compare the outcomes of endoscopic mucosal 
resection with a cap (EMR-C) with those of endoscopic 
submucosal dissection (ESD) for the resection of rectal 
neuroendocrine tumors.

METHODS: One hundred and sixteen lesions in 114 
patients with rectal neuroendocrine tumor (NET) 
resected with EMR-C or ESD were included in the study. 
This study was performed at Pusan National University 
Yangsan Hospital between July 2009 and August 2014. 
We analyzed endoscopic complete resection rate, 
pathologic complete resection rate, procedure time, 
and adverse events in the EMR-C (n  = 65) and ESD (n  
= 51) groups. We also performed a subgroup analysis 
by tumor size.

RESULTS: Mean tumor size was 4.62 ± 1.66 mm 
in the EMR-C group and 7.73 ± 3.14 mm in the ESD 
group (P  < 0.001). Endoscopic complete resection 
rate was 100% in both groups. Histologic complete 
resection rate was significantly greater in the EMR-C 
group (92.3%) than in the ESD group (78.4%) (P  = 
0.042). Mean procedure time was significantly longer 
in the ESD group (14.43 ± 7.26 min) than in the 
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EMR-C group (3.83 ± 1.17 min) (P  < 0.001). Rates of 
histologic complete resection without complication were 
similar for tumor diameter ≤ 5 mm (EMR-C, 96%; ESD, 
100%, P  = 0.472) as well as in cases of 5 mm < tumor 
diameter ≤ 10 mm (EMR-C, 80%; ESD, 71.0%, P  = 
0.524).

CONCLUSION: EMR-C may be simple, faster, and 
more effective than ESD in removing rectal NETs and 
may be preferable for resection of small rectal NETs.

Key words: Neuroendocrine tumor; Endoscopic mucosal 
resection with cap; Endoscopic submucosal dissection; 
Complete resection; Complication
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Core tip: This study suggests that rates of endoscopic 
and histologic complete resection without adverse 
events were high in endoscopic mucosal resection 
with a cap (EMR-C) for treating rectal neuroendocrine 
tumors (NETs). EMR-C seems to be a safe, easy, 
and effective method for the resection of rectal NETs 
because it is technically easier and less time-consuming 
than endoscopic submucosal dissection.
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INTRODUCTION
Rectal neuroendocrine tumor (NET) is a slow growing 
tumor that originates in the cells of the neuroendocrine 
system. Rectal NETs comprise 8% to 30% of all 
gastro-intestinal (gi) NETs[1]. The frequency of rectal 
NETs is higher in Asian countries compared to Western 
countries[2]. The incidence of rectal NETs has recently 
increased more in South Korea; this is related to 
the increasing number of screening colonoscopies, 
improved detection through endoscopic developments, 
and a deeper understanding of rectal NETs. Rectal 
NETs usually appear as sessile submucosal lesions 
covered with yellowish mucosa[3,4]. Clinical course 
of tumors less than 10 mm in diameter is relatively 
good. The risk of metastases has been reported to 
be 0%-10% for tumors < 10 mm and 4%-30%, for 
tumors 10-19 mm in diameter[5], and 57%-80% for 
tumors ≥ 20 mm in diameter[6]. Standard treatment 
for rectal NETs < 10 mm is endoscopic resection, and 
the appropriate therapies for rectal NETs 10-19 mm in 
diameter are endoscopic resection, transanal resection 

[or transanal endoscopic microsurgery (TEM)], or 
radical rectal resection[7]. Endoscopic treatment is 
acceptable for small rectal NETs, but there is still 
controversy regarding which type of endoscopic 
resection is best. Numerous treatment strategies 
for rectal NETs have been reported. Conventional 
endoscopic mucosal resection (EMR) is simple, but 
there is some risk of incomplete resection. Endoscopic 
submucosal dissection (ESD) has several advantages 
over conventional EMR, including a higher en bloc 
resection rate, lower local recurrence rate, and more 
accurate pathological evaluation[8]. However, ESD 
requires great skill and experience and more time, and 
carries a risk of adverse events such as perforation 
and bleeding[9]. EMR with a cap (EMR-C) is an 
endoscopic procedure for cutting the submucosal layer 
by lifting the mucosa with saline injection, followed by 
aspirating the lesion into a transparent cap. EMR-C has 
advantages over both EMR and ESD. An advantage of 
EMR-C is that it is simpler and less time-consuming. 
Previous studies comparing EMR-C with ESD showed 
inconsistent results; Zhou et al[9] reported a complete-
resection rate of only 52.5% for EMR-C, but Zhao 
et al[10] reported the rate to be 100%. This study 
compares the efficacy of EMR-C with that of ESD for 
the resection of rectal NETs. 

MATERIALS AND METHODS
Between July 2009 and August 2014, EMR-C and 
ESD were performed for 116 lesions in 114 patients 
with rectal NETs at Pusan National University Yangsan 
Hospital. Sixty-five lesions were resected with 
EMR-C and 51 with ESD. We performed endoscopic 
ultrasonography (EUS) using a UM-DP20-25R, 20-MHz 
(Olympus Medical Systems Corp., Tokyo, Japan) 
to estimate the size and the depth of invasion of 
rectal NETs in all patients before resection. Tumors 
invading the muscularis propria layer were treated 
surgically, tumors measuring 10-19 mm on EUS 
were treated with ESD, and EMR-C and ESD were 
alternated, if possible, for tumors ≤ 10 mm in 
diameter. The procedures were performed by three 
endoscopists (authors KHW, CCW, and PSB). Data 
were obtained retrospectively from a database. All 
resection specimens were measured and vertical and 
lateral resection margins evaluated. We analyzed 
the rate of endoscopic and histologic complete 
resection, procedure time, and adverse events. We 
also performed a subgroup analysis of EMR-C and 
ESD outcomes by tumor size. Tumors ≤ 10 mm in 
diameter were divided into two groups, ≤ 5 mm and 
5-10 mm. Procedure time was defined as the time 
from submucosal injection to completion of resection, 
and adverse events were defined as bleeding (including 
immediate and delayed bleeding) and perforation 
(including microperforation and frank perforation).
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Technique
EMR-C: We used a single-channel scope (GIF-H260, 
Olympus Medical Systems Corp.) with an oblique 
distal attachment (MAJ-290, Olympus Medical 
Systems Corp.) and a 25-mm single-use crescent 
electrosurgical snare (SD-221L-25, Olympus Medical 
Systems Corp.). First, submucosal injection was used 
to lift the tumor. After attaching the oblique cap to the 
distal end of the endoscope, the crescent-shaped snare 
was positioned on the internal circumferential ridge at 
the tip of the cap. The lesion was drawn into the cap 
using the suction function, then snared and resected 
using an electrosurgical unit (ERBE VIO 300 D, ERBE 
Elektromedizin GmbH, Tübingen, Germany) (Figure 1).

ESD: ESD was carried out with a single-channel 
scope (GIF-H260, Olympus Medical Systems Corp.) 
and an electrosurgical unit (ERBE VIO 300 D, ERBE 
Elektromedizin GmbH). After lifting the tumor with 
submucosal injection, a circumferential incision was 
made around the lesion and submucosal dissection 
carried out with a DualKnife Electrosurgical Knife 
(Olympus Medical Systems Corp.). 

Histopathologic evaluation: Each resected rectal 
NET was measured. All specimens were fixed in 10% 
formalin and stained with hematoxylin-eosin. Depth 
of invasion and margin infiltration were evaluated. 
Histologic complete resection (R0) was defined as 
histopathologically tumor-free lateral and vertical 
margins. Indeterminate margin (Rx) was defined as 

margin that could not be evaluated for reasons such as 
electrocautery artifact and inappropriate orientation.

Statistical analysis
Statistical analysis was performed using PASW for 
Windows, Version 18.0 (SPSS Inc., Chicago, IL, United 
States). Quantitative results are expressed as medians 
and ranges. Statistical comparisons between the two 
groups were performed using the χ 2 statistic and 
Fisher’s exact test. A P value < 0.05 was considered to 
be significant.

RESULTS
Of 116 lesions in 114 patients, 65 lesions were 
treated with EMR-C and 51 with ESD. The baseline 
characteristics and clinical outcomes of the EMR-C and 
ESD groups are shown in Tables 1 and 2, respectively. 

Outcomes of EMR-C and ESD
As seen in Table 1, mean patient age did not differ 
significantly between the EMR-C and ESD groups 
(P = 0.063). The size of the resected specimen was 
significantly larger in the ESD group than in the EMR-C 
group (P < 0.001). The size of the tumor was also 
significantly larger in the ESD group (P < 0.001). 
Table 2 shows that resection time was significantly 
longer in the ESD group (P < 0.001). Endoscopic 
complete resection rates were 100% in both groups, 
and histologic complete resection rate was significantly 
higher in the EMR-C group than in the ESD group (P 
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Figure 1  Endoscopic mucosal resection with a cap. A: Transparent cap is attached to the distal end of the scope; B: Saline solution with indigo-carmine solution is 
injected submucosally beneath the tumor; C: A crescent-shaped snare is positioned on the internal circumferential ridge; D: The submucosal layer is suctioned and dissected 
with the snare; E: A clear resection surface is observed; F: The resection specimen is retrieved and measured. EMR-C: Endoscopic mucosal resection with a cap. 
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Tumor sizes > 5 mm and ≤  10 mm 
Results of subgroup analysis of clinical outcomes 
for both groups by tumor size > 5 mm and ≤ 10 
mm are shown in Table 4. Patients in the EMR-C 
group were significantly older than those in the ESD 
group (P = 0.011). Although the size of the resected 
specimen was significantly larger in the ESD group (P 
= 0.004), tumor size was similar between groups (P 
= 0.051). Resection time was significantly longer in 
the ESD group (P < 0.001), and rates of endoscopic 
complete resection were 100% in both groups. There 
was not a significant difference in histologic complete 
resection rate between groups (P = 0.524). Margin 
involvement for both groups for this range of tumor 
sizes is shown in Table 4. Vertical margin involvement 
was 0% for both groups. Between-group differences in 
lateral, vertical and lateral, and indeterminate margin 
involvement were not significant (P = 0.979, P = 
0.161 and P = 0.810, respectively; Table 4). Adverse 
events occurred more frequently in the ESD group, but 
there was not a significant difference between groups 
[two cases of bleeding (6.5%) in the ESD group; no 
adverse events in the EMR-C group (P = 0.161)].

DISCUSSION
The incidence of rectal NETs is increasing with the 
number of screening colonoscopies, advances in 
endoscope technology, and deeper understanding 
of rectal NETs. Rectal NETs commonly appear as 
submucosal lesions with yellowish mucosa[3,4]. There 
is still controversy about the treatment of rectal 
NETs, and numerous treatment strategies have 
been reported[7]. The standard treatment for rectal 

= 0.042). Vertical, lateral, and vertical and lateral 
resection margin involvement did not differ between 
groups (P = 0.864, P = 0.710, and P = 0.159, 
respectively; Table 2). Indeterminate margin resection 
rate did not differ between groups (P = 0.178). No 
local recurrence or distant metastasis occurred during 
the follow-up periods of cases of incomplete resection. 
Rates of adverse events are shown in Table 2. All 
bleeding was successfully controlled using coagulation. 
There were significantly more adverse events in the 
ESD group than in the EMR-C group (P = 0.044). 
Lymphovascular invasion occurred in one case in the 
ESD group.

Outcomes of EMR-C/ESD by tumor size
A subgroup analysis was performed for patients who 
had small rectal NETs (≤ 10 mm in diameter). Of 116 
lesions, 109 were ≤ 10 mm in diameter. Tumors ≤ 10 
mm in diameter were further divided into two groups: 
≤ 5 mm and 5-10 mm in diameter.

Tumor size ≤  5 mm
Table 3 presents the results of subgroup analysis of 
baseline characteristics for both groups by tumor size 
≤ 5 mm. Mean diameters were similar between groups 
(P = 0.158), but resection time was significantly longer 
in the ESD group than in the EMR-C group (P < 0.001). 
Rates of endoscopic complete resection were 100% in 
both groups. Histologic complete resection rate did not 
differ significantly between groups (P = 0.472). Margin 
involvement for both groups is also given in Table 
3. Adverse events occurred more frequently in the 
ESD group, but there was not a significant difference 
between groups [two cases of bleeding (15.4%) in the 
ESD group; no adverse events in the EMR-C group (P 
= 0.165)].

Table 1  Baseline patient characteristics  n  (%)

EMR-C
(n  = 65)

ESD
(n  = 51)

P  value

Age (yr), mean ± SD 52.31 ± 9.83   48.47 ± 12.23    0.063
Male gender 43 (66.2) 33 (64.7)    0.872
Follow up period (d), 
mean ± SD

  689.58 ± 468.94   760.84 ± 458.91    0.414

Specimen size (mm), 10.15 ± 2.21 13.10 ± 3.99 < 0.001
mean ± SD (range) (6.0-15.0) (8.0-25.0)
Tumor size (mm),   4.62 ± 1.66   7.73 ± 3.14 < 0.001
mean ± SD (range) (1.0-10.0) (3.0-18.0)
EUS measured size (mm),   4.72 ± 1.51   7.27 ± 2.54 < 0.001
mean ± SD (range) (1.0-8.0) (2.7-17.0)
Tumor size (mm)
   0 < tumor size ≤ 5 50 13
   5 < tumor size 
   ≤ 10

15 31

   > 10   0   7

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic 
submucosal dissection.

Table 2  Clinical outcomes by endoscopic treatment modality  
n  (%)

EMR-C
(n  = 65)

ESD
(n  = 51)

P  value

Procedure time (min), 
mean ± SD, 

3.83 ± 1.17 14.43 ± 7.26 < 0.001

Complication 0 (0.0) 4 (7.8)    0.044
   Bleeding 0 4 (7.8)
   Perforation 0 0
Endoscopic complete 
resection

65/65 (100) 51/51 (100)

Histologic complete resection  60/65 (92.3)  40/51 (78.4)    0.042
Vertical margin involvement 1 (1.5) 1 (2.0)    0.864
Lateral margin involvement 1 (1.5) 2 (3.9)    0.710
Vertical and Lateral margin 
involvement

0 (0.0) 2 (3.9)    0.159

Indeterminate margin 3 (4.6) 6 (11.8)    0.178
Vertical:Lateral:Vertical and 
Lateral, n

2:1:0 1:3:2

Lymphovascular invasion 0 1    0.322

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic 
submucosal dissection.
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NETs < 10 mm in diameter is endoscopic resection; 
appropriate therapies for lesions 10-19 mm in 
diameter are endoscopic local resection, transanal 
resection, or radical rectal resection[7]. The European 
Neuroendocrine Tumors Society has published 
consensus guidelines for the management of patients 
with colorectal neuroendocrine neoplasms[11]. EUS can 
be used to evaluate tumor size and depth of invasion, 
and its accuracy in determination of depth of invasion 
is high (91%-100%)[12-14].

EMR has been widely used because of its simplicity 
and low rate of adverse events[15-17]. However, rectal 
NETs are located in the deep mucosal layer toward the 
submucosal layer, so conventional EMR can result in 
incomplete resection or local recurrence after EMR[18,19]. 
Compared with conventional EMR, the advantage 
of EMR-C is its low rate of positive tumor resection 
margin[20,21]. ESD has advantages of higher en bloc 
resection and more accurate pathologic evaluation, 
but ESD requires great skill and experience and longer 
time, and carries a risk of adverse events such as 
perforation and bleeding[9]. Compared with ESD, the 
advantage of EMR-C is that it is simpler and less time-
consuming. EMR-C has several advantages over both 
EMR and ESD. The tumor is elevated into the cap using 

suction, and the procedure can be safely and easily 
performed in a short time and does not require special 
endoscopic skill. This study demonstrated that EMR-C 
was a simple and less time consuming endoscopic 
procedure than ESD.

Previous studies of EMR-C reported complete 
resection rates from 52.5% to 100%, but those 
studies contained small numbers of patients[9,10,20-25]. 
In our study, EMR-C was performed on 65 lesions, with 
a complete resection rate of 92.3%. Interestingly, the 
histologic complete resection rate was significantly 
higher in the EMR-C group (92.3%) than in the ESD 
group (78.4%) (P = 0.042). The rate of indeterminate 
margin was higher in the ESD group (six cases, 
11.8%) than in the EMR-C group (three cases, 4.6%). 
Positive resection margins do not necessarily indicate 
remnant tumor; rather, they may indicate cautery 
damage during endoscopic resection[12,26]. The circular 
resected margin of a tumor obtained using EMR-C 
can remain undamaged, but during ESD, the use of 
electrocautery during incision and dissection may 
damage the tumor margins and explains the high rate 
of pathologic incomplete resection in the ESD group. 
More important is the endoscopic complete resection 
rate. We followed up patients every six months for 

Table 3  Baseline characteristics by tumor size  n  (%)

NET size Size ≤ 5 mm (n  = 63) 5 mm < size ≤ 10 mm (n  = 46)

EMR-C
(n  = 50)

ESD
(n  = 13)

P  value EMR-C
(n  = 15)

ESD
(n  = 31)

P  value

Age (yr), mean ± SD  50.78 ± 9.45    45.85 ± 15.46 0.151 57.4  ± 9.63    48.48 ± 11.04 0.011
Male gender 33 (66.0) 7 (53.8) 0.417 10 (66.7) 21 (67.7) 0.942
Follow up period (d), 
mean ± SD

   714.1 806.31 0.567    607.87  710.9 0.419
  ± 489.29 ± 604.66 ± 397.56 ± 403.00

Specimen size (mm),  10.05  10.83 0.287  10.47  13.14 0.004
mean ± SD ± 2.21 ± 2.78 ± 2.26 ± 3.68
Tumor size (mm),  3.9    4.31 0.158    7.00    7.87 0.051
mean ± SD ± 0.95 ± 0.75 ± 1.25 ± 1.43 
EUS measured size (mm),    4.44    5.77 0.005    5.80    7.03 0.019
mean ± SD ± 1.31 ± 2.01 ± 1.47 ± 5.80

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic submucosal dissection; EUS: Endoscopic ultrasound; NET: Neuroendocrine tumor.

Table 4  Clinical outcomes by tumor size  n  (%)

size ≤ 5 mm (n  = 63) 5 mm < size ≤ 10 mm (n  = 46)

EMR-C
(n  = 50)

ESD
(n  = 13)

P  value EMR-C
(n  = 15)

ESD
(n  = 31)

P  value

Procedure time (min), mean ± SD     3.94 ± 1.27   12.52 ± 3.42 < 0.001    3.45 ± 0.60 14.96 ± 8.85 < 0.001
Complication 0 2 (15.4)    0.165 0 2 (6.5)    0.161
   Bleeding 0 2 (15.4) 0 2 (6.5)
   Perforation 0 0 0 0
Endoscopic complete resection 50 (100) 13 (100) 15 (100) 31 (100)
Histologic complete resection 48 (96.0) 13 (100)    0.472 12 (80.0)  22 (71.0)    0.524
Vertical margin involvement 0 (0.0)  0 (0.0) 0 (0.0)  0 (0.0)
Lateral margin involvement 0 (0.0)  0 (0.0) 1 (6.7)  2 (6.5)    0.979
Vertical and Lateral margin involvement 1 (2.0)  0 (0.0)    0.614 0  2 (6.5)    0.161
Indeterminate margin 1 (2.0)  0 (0.0)    0.614   2 (13.3)    5 (16.1)    0.810
Vertical:lateral: Vertical and Lateral 1:0:0 0:0:0 1:1:0 1:2:2

EMR-C: Endoscopic mucosal resection with a cap; ESD: Endoscopic submucosal dissection.
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two years, and then yearly thereafter. We checked 
general condition, computed tomography scans and 
colonoscopy (or sigmoidoscopy) results. There was no 
tumor recurrence in either group, including in patients 
who had positive or indeterminate margins, during a 
mean follow-up period of 720.91 d.

Lymphovascular invasion was found in one patient 
with a 6-mm tumor treated with ESD. Although 
metastatic involvement of tumors < 10 mm occurs in 
about 0%-10% of cases[1,5,6,26,27], endoscopic treatment 
is acceptable for small rectal NETs. Konishi et al[28] 
reported an incidence of lymph node metastasis 
as high as 7% in rectal NETs ≤ 10 mm treated 
with radical resection. Our study demonstrated a 
rate of metastasis of 0.92% (one of 109 patients). 
This patient with lymphovascular invasion required 
additional surgical therapy.

In cases of tumors ≤ 5 mm in size, endoscopic and 
histologic complete resections were 100% and 96.0%, 
respectively, for the EMR-C group, and there were no 
adverse events. In cases of 5 < tumor diameter ≤ 10 
mm, endoscopic and histologic complete resections 
were 100% and 80.0%, respectively, for the EMR-C 
group, without adverse events. These results are 
similar to those of ESD, suggesting that EMR-C is 
not inferior to ESD for resecting small NETs. There 
is a theoretical possibility that perforation due to 
insufficient submucosal injection or too much suction 
could cause adverse events in EMR-C. However, 
because appropriate suction was used in our study, no 
perforation occurred.

This study has some limitations. Firstly, this is a 
retrospective, single-center study. Secondly, the study 
was not randomized. EUS was performed before 
resection, so the procedure was performed according 
to the endoscopist’s preference. Large prospective, 
randomized, controlled studies will be necessary to 
validate our results.

In conclusion, EMR-C may be feasible for the 
resection of rectal NETs because it is technically 
easier and less time-consuming than ESD. This study 
also suggests that rates of endoscopic and histologic 
complete resection without adverse events were high 
in EMR-C for treating rectal NETs.
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