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Introduction
Tumors limited to the submucosa of the duodenum, except for
ampullary tumors, traditionally have been considered rare and
not highly malignant, and according to previous reports, the incidence in autopsied cases is 0.02 to 0.5 % [1, 2]. However, recent progress in endoscopic equipment, improvements in
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ABSTR AC T

Background and study aims Regardless of size, duodenal
neuroendocrine tumors (dNETs) should be considered potentially malignant. A complete resection without complications is essential to increase safety procedures. The aim
of this review was to describe effectiveness and possible
complications of endoscopic techniques resection for resectioning dNETs in patients with tumors ≤ 20 mm in diameter.
Methods An electronic bibliographic search was conducted using MEDLINE (via PubMed), Embase, Cochrane Central,
and Google Scholar virtual databases. The types of intervention were endoscopic mucosal resection alone (EMR) or
with cap (EMR-C), with a ligation device (EMR-L), with previous elevation of the tumor (EMR-I) or with endoscopic
submucosal dissection (ESD); argon plasm coagulation
(APC), and polypectomy. The outcome measures adopted
were presence of free margin associated with tumor resection, tumor recurrence, complications (bleeding and perforation), and length of the procedure.
Results Ten publications were included with the result of
224 dNET resections. EMR alone and polypectomy resulted
in the most significantly compromised margin. The most
frequent complication was bleeding (n = 21), followed by
perforation (n = 8). Recurrence occurred in 13 cases, the
majority of those under EMR or EMR-I.
Conclusions EMR-C or EMR-I should be preferred for resectioning of dNETs. Polypectomy should not be indicated
for resection of dNETs due to the high occurrence of incomplete resections. EMR alone must be avoided due a higher
frequency of compromised margin and recurrent surgery.
ESD was associated with no recurrence, however, but an increased occurrence of bleeding and perforation.

endoscopic techniques, and increased knowledge have gradually increased this incidence [3–5].
Duodenal neuroendocrine tumors (dNETs) are most commonly found on the first part of the duodenum, and their frequency progressively decreases toward its distal portions of it
[2]. These tumors are usually solitary, small, restricted to the
duodenal submucosa, and indolent, especially when they are
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small and limited to the submucosa, and the symptoms generally are unspecific [6–8].
Regardless of their size, gastrointestinal neuroendocrine tumors (GI-NETs) should be considered potentially malignant and
require evaluation of the organ wall’s involvement and the
presence of metastasis. For primary dNETs, three independent
risk factors for metastasis have been identified: invasion of the
muscularis propria, tumor size > 20 mm, and the presence of
mitotic figures [2, 9].
Performing endoscopic ultrasound (EUS) before endoscopic
resection improves the evaluation of the lesion in determining
the extent of invasion, tumor size, and site of origin. It is used to
decide the treatment approach (endoscopic or surgical) [3–5,
10–12]. Although the duodenum’s anatomic characteristics
make the endoscopic resection of duodenal lesions challenging, advanced endoscopic techniques exist that enable the resection of mucosal-based duodenal lesions. Two endoscopic
treatment techniques for complete lesion removal limited to
the organ wall's superficial layers without metastasis are endoscopic mucosal resection (EMR) and endoscopic submucosal
dissection (ESD) [3–5]. Some professionals have reported using
argon plasma for tumor ablation; however, its use is unusual
and no studies exist with a large number of cases using the
technique [13].
Five modalities of EMR are used for gastrointestinal neuroendocrine tumors (GI-NETs) with small dimensions (≤ 20 mm) in
the absence of penetration of the muscularis propria and metastasis: snare-, underwater-, injection-, cap-, or ligation-assisted EMR. Compared with conventional polypectomy, EMR theoretically enables the resection of sufficient lateral margins for
GI-NETs. Still, EMR cannot achieve a complete pathological resection for most GI-NETs that infiltrate into the deep submucosa; however, ESD can be performed for lesions considered unresectable by other endoscopic resection techniques [13, 14].
There is no agreement on the best endoscopic technique to
resect dNETs. It is chosen at the examiner’s discretion at the
time of the procedure. Knowing the conditions under which
each technique can offer a complete resection without complications is essential for increasing the procedure’s safety. To the
best of our knowledge, this is the first study to reveal published
data comparing endoscopic techniques for dNET resection.
The aim of this study was to evaluate the effectiveness and
possible complications of endoscopic dNET resection techniques in patients with tumors ≤ 20 mm.

Methods
Protocols and registration
This systematic review was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA) [15] recommendations And registered on
PROSPERO (International Prospective Register of Systematic
Reviews) Database (www.crd.york.ac.uk/prospero/) under
number CRD42020192058.

Eligibility criteria
A literature search was based on structured questions, which
defined the criteria for inclusion of papers, based on PICOT
(Population of participants, Intervention and Comparison, Outcome measures and Types of studies) strategy. The types of
participants were patients with dNET ≤ 20 mm. There were no
restrictions regarding sex, age, risk factors, or symptoms in
the study participants. The type of intervention was EMR alone
and comparisons were EMR with cap (EMR-C), EMR with ligation
device (EMR-L), EMR with previous elevation of the tumor (EMRI), ESD, argon plasma coagulation (APC) or polypectomy. The
outcome measures adopted were the presence of free margin
associated with tumor resection, tumor recurrence, complications (bleeding and perforation), and time of procedure.
Types of studies considered were any clinical studies (from
randomized trials to single-arm cohorts) describing results on
the outcomes of interest. Studies with less than 10 cases were
excluded. There were no restrictions in terms of language or
date of publication. Any type of study was used to retrieve the
intervention complication, even case reports.

Information sources
To identify articles, searches were conducted using MEDLINE
(via PubMed), EMBASE and Google Scholar. Databases were
searched in August 2020.

Search strategies
The electronic literature search used were (((((“carcinoid tumor” OR “carcinoid neoplasm”))) AND ((duodenum OR duodenal))) AND ((“ligation assisted resection” OR “EMR ligation” OR
“endoscopic submucosal dissection” OR ESD OR EMR-L OR EMR
infusion OR EMR-I OR EMR cap assisted OR EMR-C))) AND ((mucosectomy OR EMR OR endoscopic mucosal resection)).

Study selection
Articles were initially selected after an assessment of the titles
and abstracts. Then, abstracts that did not fit the inclusion
criteria were excluded. Selected papers were reviewed in full
to identify those adequate to the defined selection criteria.
Two independent reviewers (H.P.B. and I.T.T.) performed eligibility assessment and study selection. Disagreements between
reviewers were resolved by consensus. Duplicated studies were
removed.

Data collection process
The method of data extraction from each included study consisted of completing information sheets after the paper was
evaluated. Relevant data were then extracted from each included study using a standardized extraction form. Both review authors extracted data from the included studies, and disagreements were resolved by discussion between the two review authors. There was no search for unpublished literature. Institutional review board consent was not required.
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▶ Table 1 Methodological index for non-randomized studies (MINORS) used to compare endoscopic resection technics for duodenal neuroendocrine
tumors.
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Data items
The selected data included age, gender, the total number of patients, study design, duodenal tumor size, duodenal site, treatment procedure type, procedure time, free margin, complication, follow-up, and recurrence.

Summary measures
Free margin, complications (bleeding or perforation) and recurrence were primary outcome measures and were collected and
calculated using data provided from the original papers. Analysis was performed using EMR as the gold standard for dNET
endoscopic resection.

Risk of bias across studies
All of the studies were retrospective in nature and had small patient samples. Some studies did not mention follow-up loss and
the studies had different follow-up periods.

Evaluation of methodological quality
The methodological quality assessment was based on the
Methodological Index for Non-Randomized Studies (MINORS)
scale for non-randomized studies ( ▶ Table 1) [15, 16]. The ranking considers noncomparative studies to have good methodological quality if a score of ≥ 12 points is obtained; for compara-
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–

–

–

–

–

tive studies, a score of ≥ 18 points should be reached. Some papers described separate results for tumors that could not be
discriminated. We did not include these results to avoid confounding our observations.
Ten studies were single-arm cohorts and three compared
different endoscopic resection techniques. There were no comparisons with placebo or other nonendoscopic techniques.
Whether these studies were in fact comparative or only described single-arm results for two or more techniques is debatable.
In no study was sample size calculated to determine the
number of patients necessary to ensure study power. All of the
works described consecutive patients and established appropriate endpoints. The length of follow-up was appropriate in
only five studies, The follow-up period was > 1 year in five studies [17–21] and the follow-up length was > 2 years in five studies [13, 22–25]. No study featured a blinded or double-blinded
outcome analysis. Among the noncomparative studies, only
one report scored 12 points or more. Among the comparative
studies, two scored 18 points.

Statistics
Weighted medians or percentages for different outcomes were
calculated based on the number of patients included in each
study.
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Records identified through database searching (n = 4589)
Records after duplicates removed (n = 2) (n = 4587)

Titles and abstract screened (n = 36)
Records excluded (n = 7)
(Not about dNET)
Studies screened after reading the full-text (n = 29)
Full-text articles excluded (n = 15)
(Not about dNET)
Full-text articles assessed for eligibility (n = 14)
Full-text articles excluded (n = 4)
(Not enough cases)
Articles included in systematic review (n = 10)

▶ Fig. 1 Preferred Reporting Items for Systematic Reviews (PRISMA) flow diagram for identified studies on resection of duodenal
neuroendocrine tumor (dNet) with endoscopic techniques.

for 19 tumors, obtaining 71 % of free margin (from 27 % to
94 %). EMR-L – Four papers described the resection of 36 tumors. The weighted rate of free margin was 69 % (53 % to 82 %)
[17, 19, 20, 24]. APC – One study evaluated the free margin
after using the APC technique [13], in which only three tumors
were resected; the free margin was obtained from two of them
(66 %).

Recurrence
Recurrence after tumor resection was analyzed in 92 resections
utilizing 6 techniques. The weighted proportion of recurrence
was 14 %. The data included the following techniques: EMR –
Hatta et al. [23] and Mahmud et al. [25] evaluated the resection
of 52 tumors, with tumor recurrence of 13 % and 3 %, respectively. The weighted proportion of recurrence was 8 %. Polypectomy – Only Mahmud et al. [25] evaluated recurrence after tumor resection by polypectomy in a study with 10 cases and a
10 % recurrence rate. EMR-C – Only Shroff et al. [19] evaluated
recurrence after tumor resection in a study with eight patients.
The authors obtained a 25 % recurrence rate. EMR-L – Shroff et
al. [19] evaluated recurrence after tumor resection, in a study
with three cases. The authors obtained a 33 % recurrence rate.
EMR-I – Two studies [19, 22] evaluated the resection of 16 tumors (9 and 7, respectively) and the respective recurrence rates
were 22 % and 29 %. APC – Only Min et al. [13] evaluated recurrence after tumor resection, in a study with three cases. The authors obtained a 33 % recurrence rate.

Bleeding

Results
Study selection
The search strategy (until August 11, 2020) resulted in 4589 articles. A total of 36 articles were selected by title. After analysis
of the abstract, 29 papers were evaluated in full for eligibility.
Fifteen papers were excluded and 14 articles were assessed for
qualitative synthesis, with 10 publications remaining in the
quantitative analysis (final data evaluation) ( ▶ Fig. 1).

Study characteristics
▶ Table 2 shows the characteristics of the studies and the data.

Extraction of data
▶ Table 2 provides detailed data from the evaluated studies.

Pooled analysis: Margin involvement
The capacity to obtain free margin involvement after tumor resection was assessed using 151 resections performed utilizing
five techniques. The weighted proportion of free margin in all
endoscopic cases was 59 %. The following techniques produced
data related to the ability to produce free margins: EMR – Six
papers described the resection of 83 tumors. The proportion
of free margin in these cases was 54 %, ranging from 30 [25] to
100 [13, 20]. Polypectomy – Only Mahmud et al. [25] evaluated
the tumor-free margin in their study of 10 cases. They obtained
only 10 % of free margin. EMR-I – Three papers described results

Bleeding during tumor resection was assessed in 115 tumors
resected using five techniques. The weighted bleeding rate
was 18 %. The following techniques produced data related to
the bleeding rate: EMR – Sixty-one tumors underwent EMR in
four studies with an 11 % pooled bleeding rate, ranging from
6 % [20] to 25 % [22]. The number of tumors treated with EMR
in each study was eight, 12, 18, and 23. ESD – Two studies
[18, 20] evaluated resection in nine tumors (5 and 4 tumors,
respectively), with respective bleeding rates of 20 % and 75 %.
EMR-L – Fujimoto et al. [17] evaluated bleeding by tumor resection in a study with 10 cases. The authors obtained a 10 %
bleeding rate. EMR-I – Two studies [20, 22] evaluated resection
with EMR-I on 10 tumors (3 and 7, respectively), with respective
bleeding percentages of 33 % and 57 %. EMR-C – Twenty-five tumors underwent resection with EMR-C in two studies (12 and
13, respectively) [21, 22]. The bleeding percentages were 8 %
and 15 %, respectively.

Perforation
The perforation outcome was assessed using 55 resections
done utilizing 4 techniques. The weighted proportion of perforation was 15 % (8 % to 33 %). The following techniques produced the data related to the possibility of perforation: EMR-L
– Twenty tumors were resected, obtaining 15 % perforation in
the pooled analysis, ranging from 10 % to 33 % [17, 19, 24].
However, the number of cases submitted to resection was
small, comprising three, seven, and 10 patients in each study.
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▶ Table 2 Data extraction from included studies used to compare endoscopic resection techniques for duodenal neuroendocrine tumors.
Study

Kim et al.,
2013

N

12

Park et al.,
2018

15

Fujimoto et
al., 2019

Procedure

5 ESD

Length

Compromised

(minutes)

margin

N.A.

All negative

Complication

Recurrence

Study type

1 bleeding

No

Retrospective
Case series

N.A.

Retrospective

3 EMR

–

3 EMR-L

–

1 EMR- C

–

7 EMR-L

12,5

1 committed

1 perforation

8 EMR

9,2

5 committed

1 bleeding

10

10 EMR-L

N.A.

4 committed

1 bleeding
1 perforation

No

Retrospective

Mahmud et
al., 2019

33

10 polypectomy

9 committed

–

1

23 EMR

16 committed

2 bleeding

3

Cohort Retrospective

Shroff et al.,
2015

20

–

–

2

9 EMR- I

4 committed

1 perforation

2

3 EMR- L

2 committed

1 perforation

1

–

(2 perforations in
procedures not
specified in the
text)

–

Min et al.,
2013

Kim et al.,
2014

14

41

Hatta et al.,
2017

35

Gincul et al.,
2016

32

8 EMR-C

2 EMR-C

N.A.

N.A.

7 EMR-I

–

3 APC

1 commited

2 EMR

–
33

–

3 bleeding

18 EMR

13

10 committed

1 bleeding

16 EMR-L

14

4 committed

–

3 EMR-I

18

1 committed

1 bleeding

29 EMR

N.A.

9 committed

12 EMR

N.A.

13 EMR-C

12

12 EMR-C

13 (5–30)

–
1

No

Retrospective
Multicenter

–

1

–

2 perforations

–

Retrospective
Multicenter

(14 committed in
procedures not
specified in the
text)

3 bleeding

–

2 bleeding/1 perforation

–

4 bleeding/ perforation

2

1 bleeding

N.A.

7 EMR-I

Oono et al.,
2019

Retrospective

–

4 ESD

6 ESD

Prospective

N.A.

Retrospective

Retrospective

EMR, endoscopic mucosal resection; EMR-L, endoscopic mucosal resection using ligation device; EMR-C, endoscopic mucosal resection using cap; EMR-I, endoscopic
mucosal resection with previous submucosal elevation; ESD, endoscopic submucosal dissection; APC, argon plasm coagulation; N.A., not available.

ESD – Only Hatta et al. [23] evaluated perforation by tumor
resection, in a study with six cases and 33 % perforation. EMR-I –
Shroff et al. [19] and Gincul et al. [22] evaluated perforation
during the resection of 9 and 7 tumors, with perforation rates
of 11 % and 14 %, respectively. EMR-C – Only Gincul et al. [22]
evaluated perforation, in a study with 13 cases and an 8 % perforation rate (1/13).
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Length of procedures
The length of procedures was evaluated in three studies [20,
21, 24] using the following techniques: EMR (n = 26, median
time = 11.1 minutes), EMR-L (n = 23, median time = 13.2 minutes), EMR-I (n = 3, median time = 18 minutes), EMR-C (n = 12,
median time = 13 minutes) and ESD (n = 4, median time = 33
minutes).
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Discussion
dNETs are < 2 % of GI-NETs and represent the least frequent primary tumor location [1, 2]. However, regardless of size, dNETs
should be considered potentially malignant and require the
evaluation of previous duodenal wall involvement and the presence of metastasis.
Although the articles used for this study did not differentiate
NET subtypes or grade, both are important prognostic variables
for neuroendocrine tumors from any site. Vanoli et al. [26] stated that ampullary-type somatostatin-producing NETs and gastrinomas show high local infiltration rates (especially lymphatic
invasion and deep duodenal wall/pancreatic tissue invasion)
and lymph node metastasis. In contrast, non-functioning GINETs have significantly lower and more size-dependent, local
invasive potential. Disease-specific survival differed significantly between NETs and neuroendocrine carcinomas, but not
among NET subtypes. Poorly differentiated neuroendocrine
carcinomas (NECs) are inevitably high grade and are associated
with a poor prognosis [27].
Most dNETs are located in the first duodenal part (58 %) and
descending duodenum (33 %). In comparison tumors located in
the ampulla of Vater (approximately 20 %) are often considered
separate entities due to their clinical behavior being more similar to that of pancreatic neoplasms. It has been reported that
tumors arising from the periampullary area may have behavior
that is more aggressive than that of tumors from other duodenal areas [28].
Performing EUS allows for better evaluation of the lesion before endoscopic resection, for determining the extent of invasion, tumor size, and site of origin and whether the endoscopic
or surgical treatment approach should be chosen. EUS is quite
accurate in differentiating the layers the gastrointestinal tract’s
wall and defining a tumor’s layer of origin, it and may be useful
for detecting blood vessels neighboring the neoplasm. Limitations of EUS include that differentiating malignant from benign
lesions as well as definitive diagnosis still rely on pathological
confirmation [5, 14]. The endoscopic findings (location, roughness, hardening), when associated with the characteristics detected by EUS (echogenicity, heterogeneity, and depth), are
good predictive factors for the differential diagnosis of duodenal subepithelial and polypoid lesions [29]. Tumors can be
found in any of the three layers. They are slightly hypoechoic
and homogeneous, and EUS can help to determine whether a
lesion can be safely resected by endoscopy or if surgical intervention is required [29]. Patients with invasion confined to the
submucosa can be treated by mucosectomy, while those with
evidence of deeper invasion can be treated with a surgical procedure. Varas et al. [30] reviewed 18 patients with 23 gastroenteropancreatic NETs and performed EUS before endoscopic resection to confirm the lesion's limited nature and the appropriateness of endoscopic resection for the lesion. They achieved
results sensitivity of 94 % in detecting appropriate candidates
for endoscopic resection. Complete resection was achieved for
90.5 % of the lesions. The current World Health Organization
(WHO) classification system includes three grades (G1, G2,
and G3) for NETs [31]. Tumor grade is assigned based on mito-

ses per 10 high-power fields and by Ki-67 index. Low-grade
tumors (G1) are those with < 2 mitoses/10 high-power fields or
< 3 % Ki-67 index. Intermediate-grade tumors (G2) are those
with two to 20 mitoses/10 high-power fields or 3 % to 20 % Ki67 index, and high-grade tumors (G3) have > 20 mitoses/10
high-power fields or > 20 % Ki-67 index. NECs are no longer
graded because they are recognized to be uniformly high grade
by definition, but they continue to be separated into small- and
large-cell types [27, 31, 32]. The European Neuroendocrine Tumor Society (ENETS) guidelines [33] propose tumor size < 1 cm
as the cut-off diameter to identify tumors with more aggressive
behavior deserving a radical resection and a more intensive follow-up program. EUS is suggested for these patients, to exclude tumor invasion and local nodal involvement.
The present study is the first to reveal published data comparing several endoscopic resection techniques for dNETs resection, to the best of our knowledge. Although any systematic
review is aimed at evaluating randomized and multicenter comparative studies, there is a shortage of studies on the subject.
All of the published articles were case reports with a small number of procedures, probably due to the rarity of this type of tumor.
This analysis evaluated the result of 224 dNET resections,
seven endoscopic procedures, and four outcomes. Eight articles compared methods in a single cohort [13, 18–20,22–25],
and one was a multicentric study [20]. The resection techniques were chosen by the physician. There were 68 compromised margins among all of the resections. EMR resulted in
the most significantly compromised margins, followed by
EMR-L, and polypectomy. However, polypectomy had the largest number of compromised margins, followed by EMR, APC,
and EMR-L, while ESD and EMR-C did not show any margin involvement. The analyzed articles did not relate the size or subtype of the tumor with the margin or involvement of recurrence. According to the ENETS guidelines, ampullary dNETs deserve surgical resection, regardless of the tumor size [6]. For
nonampullary tumors, surgical resection is recommended for
dNETs > 20 mm in diameter, and endoscopic removal is recommended for dNETs < 10 mm in diameter. For dNETs 10 to 20 mm
in diameter, either endoscopic or surgical resection is allowed,
on a case-by-case basis [32, 33]. Panzuto et al. [28] suggested
the possibility of conservative management for indolent sporadic dNETs with no periampullary site, that are well-differentiated, non-functioning, and < 10 mm in size. The behavior of
dNETs varies depending on several factors, including the primary tumor site, size, grading, staging, and tumor burden,
making this group of neoplasms extremely heterogeneous
[28].
Untch et al. [27] concluded that tumor grade and tumor size
were associated with recurrence-free survival in 75 patients
who underwent EMR, local resection, or pancreaticoduodenectomy for dNETs. In their study, the average tumor size was
1.7 ± 1.3 cm, and 52 % of patients had lymph nodes in their surgical specimen. The most common tumor grade was low (77 %)
followed by high (14 %) and then intermediate (10 %). There
were 11 tumor recurrences (either local or distant), and four
patients died of their disease with a median follow-up of 27
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months. There were four recurrences of low-grade NETs, two
recurrences of intermediate-grade NETs, and four recurrences
of high-grade NECs. Comparison based on tumor grade revealed that a high-grade NECs were more likely to recur than
low-grade duodenal NETs. While 29 % of patients had recurrence in the intermediate-grade group, there was no statistical
difference as compared to the low-grade group. Tumor size was
more significant for the high-grade tumors than for low-grade
tumors (2.6 ± 1 vs. 1.5 ± 1.3 cm, P = 0.02); however, there were
no differences in lymph node metastasis.
To Massinroni and Rossi [34], dNETs are heterogeneous tumors that can exhibit aggressive behavior with distant metastases, more frequently than previously described, needing complete initial staging before surgery endoscopic treatment to exclude distant metastasis, along with long-term follow-up after
their resection.
In our study, the most frequent complication was bleeding
(n = 21), all resolved by endoscopy, followed by perforation (n
= 8), of which three (37 %) required surgical intervention. Recurrence occurred in 13 cases, with the majority of those being
under EMR alone or EMR-I, of which only two (15 %) cases resected by EMR alone required surgery. In general, the few complications were described concerning the total number of patients undergoing endoscopic resection, and most were resolved during the procedure.
Regarding the analysis performed in this study, there will always be concerns when analyzing observational studies in any
systematic review because the results may be biased and feature both clinical and mathematical heterogeneity. In this
study, all of the published data and their effects on outcomes
are illustrated as is the amount of data available on this topic,
revealing the existing body of evidence and the associated heterogeneity.
One major limitation of this study was that no randomized
studies were evaluated. All of the evaluated studies were retrospective case series with small sample sizes. It is always desirable that the direction and magnitude of effects in published
studies be shown. For relatively rare diseases, in the absence of
randomized and comparative study results, any recommendation based on a small sample of patients should be considered
with caution. Collaborative comparative studies with several
techniques and sample sizes providing more significant should
be encouraged.

Conclusions
Based on these results, despite being the least complicated
procedure to be performed, polypectomy should not be used
for resection of dNETs due to the high occurrence of incomplete
resections. Among the mucosectomies, EMR-C or EMR-I should
be preferred for resectioning dNETs, and EMR should be avoided; despite being the simplest procedure, it showed higher frequencies of compromised margin and recurrent surgery. ESD
was not associated with recurrence but it was associated with
a high occurrence of bleeding and perforation.
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