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Purpose: Several endoscopic resection therapies have been applied for the treatment 
of rectal carcinoid tumors. However, there is currently no consensus regarding the 
optimal strategy. We performed a meta-analysis to compare the efficacy and safety 
of endoscopic mucosal resection (EMR) or modified EMR (m-EMR) versus endo-
scopic submucosal dissection (ESD) for the treatment of rectal carcinoid tumors. 
Materials and Methods: PubMed, Web of Science, Medline, Embase and CNKI 
were searched up to the end of January 2014 in order to identify all studies on the ef-
fects of EMR (or m-EMR) and ESD on rectal carcinoid tumors. Results: A total of 
fourteen studies involving 782 patients were included. The pooled data suggested a 
significantly higher rate of pathological complete resection among patients treated 
with ESD or m-EMR than those treated with EMR [odds ratio (OR)=0.42, 95% con-
fidence interval (CI): 0.25‒0.71; OR=0.10, 95% CI: 0.03‒0.33, respectively], while 
there was no significant difference between the m-EMR group and ESD group 
(OR=1.19, 95% CI: 0.49‒2.86); The procedure time of ESD was longer than EMR 
or m-EMR groups [mean differences (MD)=-11.29, 95% CI: -14.19 ‒ -8.38, MD= 
-10.90, 95% CI: -18.69 ‒ -3.11, respectively], but it was insignificance between the 
EMR and m-EMR groups. No significant differences were detected among the treat-
ment groups with regard to complications or recurrence. Conclusion: The results of 
this meta-analysis suggest that treatment of rectal carcinoid tumors with ESD or m-
EMR is superior to EMR, and the efficacy of m-EMR is equivalence to ESD treat-
ment. However, more well-designed studies are needed to confirm these findings.
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INTRODUCTION

Rectal carcinoid tumors are uncommon neuroendocrine neoplasms and they ac-
count for approximately 10% to 17% of all carcinoid tumors.1,2 Generally, they are 
found incidentally during colonoscopy as submucosal tumors covered with yel-
low-discolored mucosa. The number of incidence of carcinoid tumors of the gas-
trointestinal tract has increased over the past five decades, due in part to rapid ad-
vances in screening endoscopy.3,4 Approximately 80% of rectal carcinoid tumors 
are smaller than 1 cm in diameter, without invasion or metastasis at the time of di-
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tal carcinoid tumors, and 3) presenting detailed outcomes of 
two groups or including such data for calculation in the arti-
cle text. Meanwhile, the major exclusion criteria were: 1) 
an unclear study population or trial size, 2) study without 
extractable data, and 3) case reports, editorials, commentar-
ies, reviews or abstracts only.

Data extraction
Two investigators (He L and Deng T) independently extract-
ed the data and reached a consensus for all items. If the in-
vestigators generated different results, they checked the data 
again and had a discussion in order to reach an agreement. If 
they were unable to reach an agreement, an expert was invit-
ed to join the discussion. The following data were extracted 
from the selected studies: the first author’s name, year of 
publication, country of origin, treatment, patients in the two 
groups, age, gender, tumor size limit, mean size of the tumor 
(endoscopic and pathological), numbers of complete resec-
tions (endoscopic and pathological), procedure time, num-
bers of bleeding, perforation, recurrence, and follow-up time. 

Statistical analysis
The efficacy and safety of ESD therapy compared with 
EMR or m-EMR for the treatment of rectal carcinoid tu-
mors was estimated for each study using the odds ratio 
(OR) and 95% confidence interval (95% CI). The mean dif-
ferences (MD) with 95% CI were used for continuous vari-
ables (tumor size and procedure time). The χ2-test-based Q 
statistic test was performed to assess the between-study het-
erogeneity.21 We also quantified the effect heterogeneity ac-
cording to the I2 test. When a significant Q test (p<0.05) or 
I2 >50% indicated heterogeneity across studies, the random 
effects model was used.22 Otherwise, the fixed effects mod-
el was applied.23 An analysis of sensitivity was performed 
in order to evaluate the stability of the results. Finally, po-
tential publication bias was investigated using Begg’s fun-
nel plot and Egger’s regression test.24,25 A p value of <0.05 
was regarded as being statistically significant.

All statistical analyses were performed using the Co-
chrane Collaboration RevMan 5.2 and STATA package ver-
sion 12.0 (Stata Corporation, College Station, TX, USA).

RESULTS
 

Study characteristics
A total of 637 citations were identified in the search. Accord-

agnosis.5 Recently, the European Neuroendocrine Tumor 
Society 2012 Consensus Guidelines suggested that well-dif-
ferentiated rectal neuroendocrine tumors smaller than 2 cm 
in diameter without muscularis invasion or lymph node in-
volvement could be endoscopically resected.6 

To date, various endoscopic techniques have been applied 
to rectal carcinoid tumors. Such techniques include endo-
scopic polypectomy, endoscopic mucosal resection (EMR) 
and endoscopic submucosal dissection (ESD). Moreover, 
some new techniques derived from conventional EMR pro-
cedures have been developed, which included EMR using a 
band-ligation device (EMR-B), EMR using a transparent cap 
(EMR-C), EMR using a dual-channel endoscope (EMR-D), 
EMR with a ligation device (EMR-L), and endoscopic sub-
mucosal resection with a ligation device (ESMR-L). All 
these techniques share the same step of creating a pseudo-
pedicle before resection, and were classified as modified 
EMR (m-EMR) in this study.

Recently, several studies have examined the efficacy of en-
doscopic resection therapies for the treatment of rectal carci-
noid tumors.7-20 However, there is currently no consensus re-
garding the optimal endoscopic treatment strategy. Therefore, 
we conducted a meta-analysis of published data in order to 
evaluate the efficacy and safety of ESD, compared with 
EMR, for successfully treating rectal carcinoid tumors.

MATERIALS AND METHODS

Search strategy
A literature search was conducted using PubMed, Web of 
Science, Medline, Embase and CNKI up to January 2014 
without language restrictions. Relevant studies were identi-
fied using the following terms: “endoscopic submucosal dis-
section or ESD”, “endoscopic mucosal resection or EMR”, 
and “rectal carcinoid tumor or rectal neuroendocrine tumor”. 
The search was restricted to human subjects. Additional 
studies were identified using a hand search of references of 
original or review articles and international conferences on 
this topic, primarily including Asian Pacific Digestive Week, 
United European Gastroenterology Week and American 
Gastroenterological Association Digestive Disease Week.

Inclusion and exclusion criteria
Studies were included if they met the following criteria: 1) 
including patients with rectal carcinoid tumors, 2) including 
a comparison of EMR or m-EMR therapy with ESD for rec-
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plete resection rate and pooled data suggested a significantly 
higher rate of complete resection among patients treated with 
ESD or m-EMR than among those treated with EMR (OR= 
0.42, 95% CI: 0.25‒0.71; OR=0.10, 95% CI: 0.03‒0.33, re-
spectively), while there was no significant difference be-
tween the m-EMR group and ESD group (OR=1.19, 95% 
CI: 0.49‒2.86) (Table 2, Fig. 1). 

Twelve studies with available data reported endoscopically 
complete resection rate. The results showed that the complete 
resection rates were significantly higher in the ESD or m-
EMR group compared with the EMR group (OR=0.28, 95% 
CI: 0.11‒0.70; OR=0.33, 95% CI: 0.14‒0.76, respectively), 

ing to the inclusion criteria, fourteen studies with 782 pa-
tients were included in the meta-analysis.7-20 The characteris-
tics of the selected studies are summarized in Table 1. Of the 
fourteen eligible studies, nine were from Korea,7,8,10-14,17,18 
three were from China,9,19,20 and two were from Japan;15,16 
twelve studies were published in English, one in Chinese,9 
and one in Korean.10 

Quantitative data synthesis

Complete resection rate
Ten studies with available data reported pathologically com-

Table 1. Characteristics of the Included Studies

Study Yr Country Treatment Patients
No. of 
treated 
tumors

Age, 
mean±SD, yr

Gender 
(male/female)

Size limit 
(mm)

Mean size of the tumor, 
mean±SD, mm

Endoscopic Pathological

Baek7 2010 Korea
EMR   9   9 47.6 (32‒64)   7/2 10 8.8 (5‒13) NR
ESD   3   3   2/1

Choi, et al.8 2013 Korea
EMR-B 29 29   47.75±11.73 15/14 10 4.34±1.75 NR
ESD 31 31   48.29±14.44 20/11 5.22±2.09 NR

Dou, et al.9 2013 China
EMR 24 26 49.0±8.3 15/9 20 5.6±1.2 NR
ESD 19 20 48.6±9.0 10/9 7.4±5.3 NR

Kim, et al.10 2008 Korea
EMR-C   6   6   46.7±10.8   3/3 15 5.5±2.3 NR
ESD   2   2   46.0±11.3   1/1 6.5±4.9 NR

Kim, et al.11 2012 Korea
EMR 55 55   48.8±13.9 35/20 10 6.3±2.5 6.5±3.2
ESMR-L 45 45   53.5±10.4 31/14 5.9±2.0 5.8±2.4

Kim, et al.12 2013 Korea
EMR 31 31   47.74±11.52 20/11 10 6.77±1.75 4.84±2.05
ESMR-L 40 40 48.15±8.87 23/17 6.33±1.75 3.97±1.93
ESD 44 44   47.18±10.22 32/12 5.91±1.83 4.27±1.88

Lee, et al.13 2010 Korea
EMR 28 28   49.0±10.3 14/14 15 NR 5.7±4.0
ESD 46 46   48.6±12.0 21/25 NR 6.2±3.1

Lee, et al.14 2013 Korea
EMR-D 44 44   51.4±12.3 25/19 16 6.4±2.7 NR
ESD 26 26   47.4±10.6 22/4 6.2±4.1 NR

Niimi, et al.15 2012 Japan
EMR-L 11 11   45.5±10.6   8/3 10   5.7±2.05 4.4±2.2
ESD 13 13 55.3±8.6   9/4 5.4±1.4 5.5±2.1

Onozato, et al.16 2010 Japan
Two-channel EMR 24 26 58.3 (31‒87) 18/6 10 6.6±2.1 NR
ESD   9   9   7/2 7.7±1.0 NR

Park, et al.17 2010 Korea
EMR 62 62   51±12 42/20 16 7.3±2.2 7.1±2.3
ESD 31 31 50±8 18/13 6.8±2.4 6.5±2.6

Sung, et al.18 2012 Korea
EMR 14 14   52.3±12.0 48/29* 15 7.0±2.8 NR
Two-channel EMR 58 58
ESD   5   5

Zhao, et al.19 2012 China
EMR 10 10   54.04±11.58 21/9* 10 NR NR
EMR-C 10 10 NR NR
ESD 10 10 NR NR

Zhou, et al.20 2010 China
EMR 23 23   50.3±13.6 14/9 10 6.7±2.1 NR
ESD 20 20   47.6±18.5 12/8 7.2±1.9 NR

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; EMR-B, EMR using a band-ligation device; EMR-C, EMR using a transparent 
cap; EMR-D, EMR using a dual-channel endoscope; EMR-L, EMR with a ligation device; ESMR-L, endoscopic submucosal resection with a ligation device; 
NR, not reported. 
*No. of all groups.
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Table 2. Efficacy and Safety of ESD or EMR (m-EMR)

Study Yr Country Treatment Patients
No. of 
treated  
tumors

No. of complete 
resections,  n (%) Margin involvement, n (%) Procedure 

time 
(mins)Endoscopic Pathological Lateral Vertical Both

Baek7 2010 Korea
EMR   9   9 NR     9 (100) 0 (0) 0 (0) 0 (0) NR
ESD   3   3 NR     3 (100) 0 (0) 0 (0) 0 (0) NR

Choi, et al.8 2013 Korea
EMR-B 29 29 NR    24 (82.8)    2 (6.9)    1 (3.4)    2 (6.9)   6.37±3.52
ESD 31 31 NR    25 (80.6) 0 (0)      6 (19.4) 0 (0) 15.09±5.73

Dou, et al.9 2013 China
EMR 24 26   26 (100)   26 (100) 0 (0) 0 (0) 0 (0)   8.9±6.3
ESD 19 20   20 (100) 19 (95) 0 (0) 1 (5) 0 (0)   32.6±10.5

Kim, et al.10 2008 Korea
EMR-C   6   6     6 (100) NR      1 (16.7) - - NR
ESD   2   2     2 (100) NR   1 (50) - - NR

Kim, et al.11 2012 Korea
EMR 55 55 50 (91)    36 (65.5)    3 (5.5)    19 (34.5) -   5.0±0.8
ESMR-L 45 45   45 (100)    42 (93.3)    1 (2.2)    2 (4.4) -   4.8±0.9

Kim, et al.12 2013 Korea
EMR 31 31    24 (77.4)    24 (77.4)    1 (3.2)      7 (22.6) -   3.50±2.06
ESMR-L 40 40 38 (95)   40 (100) 0 (0) 0 (0) - 11.75±4.58
ESD 44 44    43 (97.7)    43 (97.7) 0 (0)    1 (2.3) -   9.38±4.09

Lee, et al.13 2010 Korea
EMR 28 28    25 (89.3)    18 (64.3)    2 (7.1)      8 (28.6) -   12.0±12.9
ESD 46 46   46 (100)    38 (82.6) 0 (0)      7 (15.2) - 18.9±7.3

Lee, et al.14 2013 Korea
EMR-D 44 44   44 (100)    38 (86.3)    1 (2.3)    4 (9.1)    1 (2.3)   9.75±7.11
ESD 26 26   26 (100)    23 (88.4) 0 (0)      3 (11.5) 0 (0) 22.38±7.56

Niimi, et al.15 2012 Japan
EMR-L 11 11   11 (100)   11 (100) 0 (0) 0 (0) 0 (0) 17.4±4.4
ESD 13 13   13 (100)    12 (92.3) 0 (0)    1 (7.7) 0 (0)   28.6±16.2

Onozato, et al.16 2010 Japan
Two-channel  
  EMR

24 26    22 (84.6) NR 0 (0)      4 (15.4) -   9.3±2.2

ESD   9   9      7 (77.8) NR 0 (0)      2 (22.2) - 25.6±8.8

Park, et al.17 2010 Korea
EMR 62 62    59 (95.2) 44 (71) 0 (0)    15 (24.2)    3 (4.8)   4.2±3.2
ESD 31 31   31 (100)    28 (90.3) 0 (0)    2 (6.5)    1 (3.2) 11.4±3.7

Sung, et al.18 2012 Korea

EMR 14 14    10 (71.4) NR      4 (28.6) - - NR
Two-channel 
  EMR

58 58    43 (74.1) NR    15 (25.9) - - NR

ESD   5   5     5 (100) NR 0 (0) - - NR

Zhao, et al.19 2012 China
EMR 10 10   8 (80) NR   2 (20) - -   13.4±17.1
EMR-C 10 10   10 (100) NR 0 (0) - -     5.2±0.78
ESD 10 10   10 (100) NR 0 (0) - -   24.9±5.78

Zhou, et al.20 2010 China
EMR 23 23 20 (87)    12 (52.2) 0 (0)      8 (34.8)      3 (13.0)   12.3±15.4
ESD 20 20   20 (100)   20 (100) 0 (0) 0 (0) 0 (0)   28.4±17.2

Study Yr Country Treatment Patients No. of treated  
tumors  

No. of 
bleedings

No. of 
perforations

No. of 
recurrence

Follow-up time 
(month)

Baek7 2010 Korea
EMR   9   9 0 0 0      28 (15‒45)
ESD   3   3 0 0 0

Choi, et al.8 2013 Korea
EMR-B 29 29 0 0 NR NR
ESD 31 31 1 0 NR

Dou, et al.9 2013 China
EMR 24 26 4 0 0 3‒27
ESD 19 20 0 1 0

Kim, et al.10 2008 Korea
EMR-C   6   6 NR NR 0 6.8±3.3
ESD   2   2 NR NR 0 5.0±2.8

Kim, et al.11 2012 Korea
EMR 55 55 0 0 NR NR
ESMR-L 45 45 2 0 NR

Kim, et al.12 2013 Korea
EMR 31 31 0 0 0 13.1 (6‒59)
ESMR-L 40 40 0 1 0
ESD 44 44 0 0 0



Lei He, et al.

Yonsei Med J   http://www.eymj.org   Volume 56   Number 1   January 201576

and m-EMR group (MD=0.80, 95% CI: 0.09‒1.51).

Procedure time
Eleven studies reported the procedure time of various treat-
ments. The procedure time of ESD was longer than that of 
EMR or m-EMR groups (MD=-11.29, 95% CI: -14.19‒ 
-8.38; MD=-10.90, 95% CI: -18.69 ‒ -3.11, respectively), 
but the procedure time was not different between the EMR 
and m-EMR groups (MD=-1.36, 95% CI: -8.66‒5.94) (Ta-
ble 2, Fig. 2).

Complications
Eleven studies reported available data of complications 
(bleeding and perforation). Of those, bleeding occurred in 
11 cases in the EMR group (11/349), 2 cases in the m-EMR 
group (2/160), and 6 cases in the ESD group (6/253), while 
perforation occurred in 2 cases in the EMR group (2/349), 1 
case in the m-EMR group (1/160), and 4 cases in the ESD 
group (4/253). The pooled data showed no significant differ-
ence in all comparisons among the three groups (EMR vs. 
ESD: bleeding: OR=1.39, 95% CI: 0.54‒3.57; perforation: 
OR=0.51, 95% CI: 0.14‒1.92, m-EMR vs. ESD: bleeding: 
OR=0.64, 95% CI: 0.14‒2.87; perforation: OR=3.38, 95% 

however, we failed to detect any difference between the ESD 
and m-EMR groups (OR=0.65, 95% CI: 0.18‒2.34).

In addition, margin involvement was found in 84 cases in 
the EMR group (84/427), in 31 cases in the m-EMR group 
(31/224) and in 25 cases in the ESD group (25/260). The 
pooled data showed that the residual tumor positive rate in 
EMR group was higher than that in m-EMR or ESD group 
(EMR vs. ESD: OR=2.24, 95% CI: 1.38‒3.63, EMR vs. m-
EMR: OR=5.21, 95% CI: 1.17‒23.18); whereas there was 
no obvious difference between the m-EMR group and ESD 
group (OR=0.89, 95% CI: 0.43‒1.85).

Tumor size
Ten studies with available data reported endoscopic mean 
sizes of the tumor. There was no significant difference in all 
comparisons among the three groups (EMR vs. ESD: MD= 
-0.11, 95% CI: -0.51‒0.30, m-EMR vs. ESD: MD=-0.23, 
95% CI: -0.70‒0.24, EMR vs. m-EMR: MD=0.42, 95% 
CI: -0.18‒1.02). Five studies reported pathological mean 
sizes of the tumor, and similar results were found between 
EMR or m-EMR and ESD treatment (MD=0.24, 95% CI: 
-0.36‒0.85; MD=-0.45, 95% CI: -1.18‒0.29, respectively), 
however, significant difference was detected between EMR 

Table 2. Continued

Study Yr Country Treatment Patients No. of treated  
tumors  

No. of 
bleedings

No. of 
perforations

No. of 
recurrence

Follow-up time 
(month)

Lee, et al.13 2010 Korea
EMR 28 28 1 0 1    23 (3‒63)
ESD 46 46 2 1 0

Lee, et al.14 2013 Korea
EMR-D 44 44 1 0 0      8 (1‒58)
ESD 26 26 2 0 0

Niimi, et al.15 2012 Japan
EMR-L 11 11 1 0 1 24.0±32.5
ESD 13 13 0 0 0 65.1±57.0

Onozato, et al.16 2010 Japan
Two-channel  
  EMR

24 26 0 0 0 70.1±30.7

ESD   9   9 0 0 0

Park, et al.17 2010 Korea
EMR 62 62 4 1 0      33 (3‒117)
ESD 31 31 1 1 0 12.6 (6‒24)

Sung, et al.18 2012 Korea

EMR 14 14 NR NR NR   18.5 (5‒107)
Two-channel 
  EMR

58 58 NR NR NR

ESD   5   5 NR NR NR

Zhao, et al.19 2012 China
EMR 10 10 0 0 0 18.43±9.76
EMR-C 10 10 0 0 0
ESD 10 10 0 0 0

Zhou, et al.20 2010 China
EMR 23 23 0 0 3 42.6±26.1
ESD 20 20 0 1 0 18.7±10.6

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; EMR-B, EMR using a band-ligation device; EMR-C, EMR using a transparent 
cap; EMR-D, EMR using a dual-channel endoscope; EMR-L, EMR with a ligation device; ESMR-L, endoscopic submucosal resection with a ligation device; 
NR, not reported. 
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Sensitivity analysis and publication bias 
The sensitivity analysis performed using sequential exclud-
ing of one study at a time did not alter the results. Then, 
Begg’s funnel plot and Egger’s test were performed to as-
sess the potential publication bias in the available literature. 
The shape of the funnel plots did not reveal any evidence of 
asymmetry (data not shown). Egger’s test also showed no 
statistical significance in evaluation of publication bias (en-
doscopic complete resection: p=0.276; pathological com-
plete resection: p=0.895).

DISCUSSION

Carcinoid tumors of the rectum are rare, representing only 

CI: 0.13‒85.37, EMR vs. m-EMR: bleeding: OR=0.16, 95% 
CI: 0.01‒3.35; perforation: OR=0.42, 95% CI: 0.02‒10.62) 
(Table 2, Fig. 3A and B).

Recurrence
Eleven studies reported available data of recurrence during 
the follow-up time. Recurrence occurred in 5 cases in the 
EMR group (5/326), 1 case in the m-EMR group (1/137), 
and none in the ESD group (0/224), and the differences 
were not statistically significant (EMR vs. ESD: OR=5.39, 
95% CI: 0.86‒33.61, m-EMR vs. ESD: OR=3.86, 95% CI: 
0.14‒104.65) (Table 2, Fig. 3C). With regard to EMR vs. 
m-EMR, two studies listed the data and showed no recur-
rence in both EMR group and m-EMR group, and there 
was no significant difference between them (Table 2).

Fig. 1. Forest plots comparing treatment of rectal carcinoid tumors with ESD or EMR (or m-EMR) in terms of pathologically complete resection rate. (A) ESD 
vs. EMR. (B) ESD vs. m-EMR. (C) EMR vs. m-EMR. ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; m-EMR, modified EMR; CI, 
confidence interval.

EMR ESD
Weight (%)

Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Baek 2010     9     9     3     3 Not estimable
Choi 2013   24   29   25   31 9.1 1.15 [0.31, 4.28]
Dou 2013   26   26   19   20 0.9 4.08 [0.16, 105.52]
Kim 2013   64   71   43   44 11.4 0.21 [0.03, 1.79]
Lee 2010   18   28   38   46 22.4 0.38 [0.13, 1.12]
Lee 2013   38   44   23   26 8.6 0.83 [0.19, 3.63]
Niimi 2012   11   11   12   13 1.0 2.76 [0.10, 74.78]
Park 2010   44   62   28   31 23.7 0.26 [0.07, 0.97]
Zhou 2010   12   23   20   20 22.9 0.03 [0.00, 0.49]
Total (95% CI) 303 234 100.0 0.42 [0.25, 0.71]
Total events 246 211
Heterogeneity: Chi2=10.58, df=7 (p=0.16); I2=34%
Test for overall effect: Z=3.25 (p=0.001) Favours [EMR] Favours [ESD]

0.001 0.1 1 10 1000

m-EMR ESD
Weight (%)

Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Choi 2013 24 29 25 31 45.8 1.15 [0.31, 4.28]
Kim 2013 40 40 43 44 5.6 2.79 [0.11, 70.54]
Lee 2013 30 44 23 26 43.3 0.83 [0.19, 3.63]
Niimi 2012 11 11 12 13 5.3 2.76 [0.10, 74.78]
Total (95% CI) 124 114 100.0 1.19 [0.49, 2.86]
Total events 113 103
Heterogeneity: Chi2=0.75, df=3 (p=0.86); I2=0%
Test for overall effect: Z=0.38 (p=0.70) Favours [m-EMR] Favours [ESD]

EMR m-EMR
Weight (%)

Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Kim 2012 36 55 42 45   65.7 0.14 [0.04, 0.49]
Kim 2013 24 31 40 40   34.3 0.04 [0.00, 0.74]
Total (95% CI) 86 85 100.0 0.10 [0.03, 0.33]
Total events 60 82
Heterogeneity: Chi2=0.57, df=1 (p=0.45); I2=0%
Test for overall effect: Z=3.82 (p=0.0001) Favours [EMR] Favours [m-EMR]

0.005 0.1 1 10 200
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submucosal layer because both the horizontal margin and 
the submucosal layer beneath the tumors can be visualized 
directly during the procedure. However, ESD is difficult for 
several reasons, including technical difficulty, lack of sur-
geon expertise, and the need for specific devices. Com-
pared to ESD, EMR is simple, useful and safe for small and 
superficial neoplasms confined to the mucosa or superficial 
submucosa in the colorectum. However, its feasibility is 
still uncertain because of potential problem of incomplete 
excision. To improve resectability, various modified EMR 
have been utilized and could provide wider and deeper re-
section.

In this study, a total of fourteen studies involving 782 pa-
tients were included. Complete resection is crucial in guar-
anteeing a curative treatment for rectal carcinoid tumors. We 

1.8% of anorectal neoplasms, and present a special thera-
peutic problem.26 Most rectal carcinoid tumors are small, 
with 66% being less than 1 cm in diameter. As for the small 
tumor (<1 cm), the risk of metastatic disease is very low 
and local treatment is thus thought to be curative.27,28 Up to 
now, various endoscopic resection procedures, such as an 
endoscopic polypectomy, EMR, ESD, and m-EMR (such 
as EMR-B, EMR-C, EMR-D, EMR-L, and ESMR-L) have 
all been described as effective treatments for rectal carci-
noid tumors.29-32 However, there are no specific recommen-
dations for treatment choices in rectal carcinoid tumors.

The ESD technique was developed for en bloc resection 
of mucosal tumors of the gastrointestinal tract and has been 
applied specifically to early gastric cancer.33 It has also been 
applied to resecting tumors extending to a portion of the 

EMR ESD
Weight (%)

Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total IV, random, 95% CI IV, random, 95% CI
Choi 2013   6.37   3.52 29 15.09   5.73 31   13.5   -8.72 [-11.11, -6.33]
Dou 2013   8.9   6.3 26 32.6 10.5 20   10.1 -23.70 [-28.90, -18.50]
Kim 2013   3.5   2.06 31   9.38   4.09 44   14.4   -5.88 [-7.29, -4.47]
Lee 2010 12 12.9 28 18.9   7.3 46   10.1   -6.90 [-12.12, -1.68]
Lee 2013   9.75   7.11 44 22.38   7.56 26   12.1 -12.63 [-16.22, -9.04]
Niimi 2012 17.4   4.4 11 28.6 16.2 13     6.0 -11.20 [-20.38, -2.02]
Onozato 2010   9.3   2.2 26 25.6   8.8 9     9.3 -16.30 [-22.11, -10.49]
Park 2010   4.2   3.2 62 11.4   3.7 31   14.3   -7.20 [-8.73, -5.67]
Zhao 2012 13.4 17.1 10 24.9   5.78 10     4.6 -11.50 [-22.69, -0.31]
Zhou 2010 12.3 15.4 23 28.4 17.2 20     5.5 -16.10 [-25.92, -6.28]
Total (95% CI) 290 250 100.0 -11.29 [-14.19, -8.38]
Heterogeneity: Tau2=14.69; Chi2=62.98, df= 9 (p<0.00001); I2=86%
Test for overall effect: Z=7.62 (p<0.00001) Favours [EMR] Favours [ESD]

m-EMR ESD
Weight (%)

Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total IV, random, 95% CI IV, random, 95% CI
Choi 2013   6.37 3.52 29 15.09   5.73 31 17.5   -8.72 [-11.11, -6.33]
Kim 2013 11.75 4.58 40   9.38   4.09 44 17.6     2.37 [0.51, 4.23]
Lee 2013   9.75 7.11 44 22.38   7.56 26 17.2 -12.63 [-16.22, -9.04]
Niimi 2012 17.4 4.4 11 28.6 16.2 13 14.3 -11.20 [-20.38, -2.02]
Onozato 2010   9.3 2.2 26 25.6   8.8 9 16.2 -16.30 [-22.11, -10.49]
Zhao 2012   5.2 0.78 10 24.9   5.78 10 17.2 -19.70 [-23.31, -16.09]
Total (95% CI) 160 133 100.0 -10.90 [-18.69, -3.11]
Heterogeneity: Tau2=88.69; Chi2=164.03, df=5 (p<0.00001); I2=97%
Test for overall effect: Z=2.74 (p=0.006) Favours [m-EMR] Favours [ESD]

EMR m-EMR
Weight (%)

Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total IV, random, 95% CI IV, random, 95% CI
Kim 2012   5   0.8 55 4.8 0.9 45 39.6   0.20 [-0.14, 0.54]
Kim 2013   3.5   2.06 31 11.75   4.58 40 38.9 -8.25 [-9.84, -6.66]
Zhao 2012 13.4 17.1 10 5.2   0.78 10 21.6   8.20 [-2.41, 18.81]
Total (95% CI) 96 95 100.0 -1.36 [-8.66, 5.94]
Heterogeneity: Tau2=35.04; Chi2=105.73, df=2 (p<0.00001); I2=98%
Test for overall effect: Z=0.36 (p=0.72) Favours [EMR] Favours [m-EMR]
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Fig. 2. Forest plots comparing treatment of rectal carcinoid tumors with ESD or EMR (or m-EMR) in terms of the procedure time. (A) ESD vs. EMR. (B) ESD vs. 
m-EMR. (C) EMR vs. m-EMR. ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; m-EMR, modified EMR; CI, confidence interval.
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EMR ESD
Weight (%)

Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Baek 2010 0 9 0 3 Not estimable
Choi 2013 0 29 1 31 19.1 0.34 [0.01, 8.80]
Dou 2013 4 26 0 20 6.3 8.20 [0.42, 161.83]
Kim 2013 0 71 0 44 Not estimable
Lee 2010 1 28 2 46 19.6 0.81 [0.07, 9.42]
Lee 2013 1 44 2 26 32.9 0.28 [0.02, 3.24]
Niimi 2012 1 11 0 13 5.4 3.86 [0.14, 104.65]
Onozato 2010 0 26 0 9 Not estimable
Park 2010 4 62 1 31 16.7 2.07 [0.22, 19.34]
Zhao 2012 0 20 0 10 Not estimable
Zhou 2010 0 23 0 20 Not estimable
Total (95% CI) 349 253 100.0 1.39 [0.54, 3.57]
Total events 11 6
Heterogeneity: Chi2=4.39; df=5 (p=0.49); I2=0%
Test for overall effect: Z=0.68 (p=0.50) Favours [EMR] Favours [ESD]

EMR ESD
Weight (%)

Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Baek 2010 0 9 0 3 Not estimable
Choi 2013 0 29 0 31 Not estimable
Dou 2013 0 26 1 20 26.4 0.25 [0.01, 6.35]
Kim 2013 1 71 0 44 9.6 1.89 [0.08, 47.51]
Lee 2010 0 28 1 46 18.0 0.53 [0.02, 13.52]
Lee 2013 0 44 0 26 Not estimable
Niimi 2012 0 11 0 13 Not estimable
Onozato 2010 0 26 0 9 Not estimable
Park 2010 1 62 1 31 20.9 0.49 [0.03, 8.14]
Zhao 2012 0 20 0 10 Not estimable
Zhou 2010 0 23 1 20 25.0 0.28 [0.01, 7.18]
Total (95% CI) 349 253 100.0 0.51 [0.14, 1.92]
Total events 2 4
Heterogeneity: Chi2=0.97; df=4 (p=0.91); I2=0%
Test for overall effect: Z=0.99 (p=0.32) Favours [EMR] Favours [ESD]

EMR ESD
Weight (%)

Odds ratio Odds ratio
Study or subgroup Events Total Events Total M-H, fixed, 95% CI M-H, fixed, 95% CI
Baek 2010 0 9 0 3 Not estimable
Dou 2013 0 26 0 20 Not estimable
Kim 2008 0 6 0 2 Not estimable
Kim 2013 0 71 0 44 Not estimable
Lee 2010 1 28 0 46   29.6 5.07 [0.20, 128.90]
Lee 2013 0 44 0 26 Not estimable
Niimi 2012 1 11 0 13   33.1 3.86 [0.14, 104.65]
Onozato 2010 0 26 0 9 Not estimable
Park 2010 0 62 0 31 Not estimable
Zhao 2012 0 20 0 10 Not estimable
Zhou 2010 3 23 0 20   37.3 7.00 [0.34, 144.27]
Total (95% CI) 326 224 100.0 5.39 [0.86, 33.61]
Total events 5 0
Heterogeneity: Chi2=0.07; df=2 (p=0.97); I2=0%
Test for overall effect: Z=1.80 (p=0.07) Favours [EMR] Favours [ESD]
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Fig. 3. Forest plots comparing treatment of rectal carcinoid tumors with ESD or EMR in terms of the complications or recurrence. (A) Bleeding. (B) 
Perforations. (C) Recurrence. ESD, endoscopic submucosal dissection; EMR, endoscopic mucosal resection; CI, confidence interval.

0.005 0.1 1 10 200

0.01 0.1 1 10 100

0.005 0.1 1 10 200



Lei He, et al.

Yonsei Med J   http://www.eymj.org   Volume 56   Number 1   January 201580

cluded due to differences in procedure time, which may in-
fluence the results.

In conclusion, this meta-analysis showed that treatment 
of rectal carcinoid tumors with ESD or m-EMR is superior 
to EMR, and the efficacy of m-EMR is equivalent to ESD 
treatment. However, more well-designed trials are needed 
to confirm these findings.
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