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Abstract: Background. The optimal management of duodenal neuroendocrine neoplasms (dNENs)
sized 10–20 mm remains controversial and although endoscopic resection is increasingly performed
instead of surgery, the therapeutic approach in this setting is not fully standardized. We performed a
systematic review of the literature and a meta-analysis to clarify the outcomes of endoscopic resection
for 10–20 mm dNENs in terms of efficacy (i.e., recurrence rate) and safety. Methods. A computerized
literature search was performed using relevant keywords to identify pertinent articles published
until January 2023. Results. Seven retrospective studies were included in this systematic review.
The overall recurrence rate was 14.6% (95%CI 5.4–27.4) in 65 patients analyzed, without significant
heterogeneity. When considering studies specifically focused on endoscopic mucosal resection, the
recurrence rate was 20.5% (95%CI 10.7–32.4), without significant heterogeneity. The ability to obtain
the free margin after endoscopic resection ranged between 36% and 100%. No complications were
observed in the four studies reporting this information. Conclusions. Endoscopic resection could
be the first treatment option in patients with dNENs sized 10–20 mm and without evidence of
metastatic disease. Further studies are needed to draw more solid conclusions, particularly in terms
of superiority among the available endoscopic techniques.

Keywords: neuroendocrine neoplasms; duodenal neuroendocrine neoplasms; treatment; endoscopic
submucosal dissection; endoscopic mucosal resection

1. Introduction

The overall incidence of neuroendocrine neoplasms (NENs) has increased in recent
decades, with gastroenteropancreatic forms representing the vast majority and accounting
for approximately 80% of all NENs [1–3].

Duodenal NENs (dNENs) account for about 5% of all the gastrointestinal NENs (GI-
NENs). Although emerging environmental factors may play a role in their development, it
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is still unclear to what extent the increase in their incidence is due to the increased use of
diagnostic GI endoscopy worldwide [4]. Even if dNENs have always been considered rare
and often indolent entities, they are known to hold a metastatic potential independently of
the size of the primary tumor, which can be up to 50% at the time of the first diagnosis [5].
While some prognostic factors for pancreatic, gastric, and small bowel NEN management
have been identified, this is not entirely true for the duodenal counterparts. Indeed, the
lack of clear evidence on prognostic factors for dNENs and their great heterogeneity in
terms of biological behavior has led to a poor understanding of their natural history and to
a scarcity of standardized treatment protocols [5,6].

According to previous European Neuroendocrine Tumor Society (ENETs) guide-
lines [7,8], endoscopic resection is reported to be effective and safe only for non-functioning
duodenal lesions measuring <10 mm, confined to the submucosal layer and in the absence
of lymph node (LN) metastases. For lesions larger than 20 mm and/or in the presence
of infiltration beyond the submucosa (T2 neoplasm) or LN metastases, a surgical resec-
tion is advised in order to guarantee a better oncological radicality. Furthermore, recent
data [9] reported that conventional and functional imaging is associated with a high risk
of understaging of dNENs, suggesting a need to be cautious when deciding on a more
conservative approach to this subgroup of tumors and highlighting the need for a proper
tumor staging with endoscopic ultrasound (EUS), despite the primary tumor size. In line
with recent findings, the new guidelines [8] are even more conservative, suggesting an
endoscopic approach for lesions <5 mm and highlighting the need for EUS for ≥5 mm
lesions. In between, the treatment of dNENs sized 10–20 mm remains controversial. As
it is less invasive than surgery, endoscopic resection is increasingly performed instead
of surgery, with promising results, even if this therapeutic approach in such a specific
setting is not fully standardized, considering that the majority of available studies are small
non-controlled retrospective case series or case reports with no long-term outcomes [9].
Available endoscopic resection methods include endoscopic submucosal dissection (ESD),
endoscopic mucosal resection (EMR), EMR with a ligation device (EMR-L), or EMR after
circumferential pre-cutting (EMR-P). Among them, ESD allows a higher rate of complete
resection, but it owns higher risk of bleeding and perforation and a longer procedure time
as compared to the other methods. Which endoscopic technique should be preferred among
the others is still not clear, and in the majority of the cases the choice depends on both the
tumor’s features and the endoscopist’s expertise [10]. In this grey area, according to the
most recent guidelines [8], endoscopic resection might be considered only in selected cases
and generally for tumors smaller than 15 mm.

Based on all these observations, we performed a systematic review and meta-analysis
of data on efficacy (i.e., recurrence rate) and safety of the endoscopic resection for dNENs
sized between 10 and 20 mm, aiming to clarify this still-grey area.

2. Materials and Methods

This systematic review was performed following the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) recommendations, but was not registered.

A computerized literature search was performed in PubMed using both free lan-
guage words and phrases and medical subject heading terms including neuroendocrine
neoplasms, duodenal neuroendocrine neoplasms, treatment, endoscopic submucosal dis-
section, and endoscopic mucosal resection, with the search strategy last updated in January
2023. The following terms were used for the literature search: ((“net” [All Fields]) OR
(“duodenal net” [All Fields] OR “duodenal neuroendocrine” [All Fields] OR “duodenal
neuroendocrine neoplasm” [All Fields] OR “duodenal neuroendocrine neoplasms” [All
Fields] OR “duodenal neuroendocrine tumor” [All Fields] OR “duodenal neuroendocrine
tumors” [All Fields] OR “duodenal neuroendocrine tumour” [All Fields] OR “duodenal
neuroendocrine tumours” [All Fields])) AND ((“endoscopic resection” [All Fields] OR
“endoscopic resection methods” [All Fields] OR “endoscopic resection method” [All Fields]
OR “endoscopic resection technique” [All Fields] OR “endoscopic result” [All Fields]) OR
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(“mucosectomy” [All Fields] OR “mucosectomy band” [All Fields] OR “mucosectomy
band ablation” [All Fields] OR “mucosectomy patients” [All Fields] OR “mucosectomy
polypectomy” [All Fields]) OR (“endoscopic submucosal dissection” [All Fields] OR “en-
doscopic submucosal dissection for colorectal” [All Fields] OR “endoscopic submucosal
dissection resection” [All Fields] OR “endoscopic submucosal dissection for” [All Fields])
OR (“endoscopic mucosal resection” [All Fields])).

All the available primary studies published between 2010 and 2023 were considered,
whereas non-English language papers were excluded. Studies considered potentially eligi-
ble were retrieved and evaluated as full texts. Disagreements were resolved by consensus.

2.1. Eligibility Criteria

The eligible studies investigated the outcomes of endoscopic resection in patients with
histologically confirmed dNENs of size 10–20 mm. Both retrospective and prospective
studies were included.

There were no restrictions on gender, age, risk factors, or symptoms among the study
participants. The type of endoscopic resection included ESD and EMR; modified EMR
methods, including EMR-L or EMR-P, could also be included where specified.

2.2. Outcome Measures

The primary endpoint was efficacy of endoscopic resection in this subset of patients.
Efficacy was evaluated in terms of rate of tumor recurrence. As secondary endpoints we
considered the rate of radical resection (i.e., the presence of free margin associated with
tumor resection) and the safety of endoscopic resection, which was assessed in terms of
complications (i.e., bleeding, perforation, stenosis).

2.3. Selection of Studies

Articles were first selected based on an evaluation of titles and abstracts. Then,
abstracts that did not meet the inclusion criteria were excluded. The selected articles were
extensively reviewed to identify those that fit the defined selection criteria. Duplicate
studies were removed. Clinical cases, commentaries, reviews, systematic reviews, meta-
analyses, and letters were excluded. A manual reference search of all retrieved studies was
also performed to search for additional potential studies for inclusion in the systematic
review. Furthermore, authors of selected articles, which did not clearly report separated
data on dNENs sized between 10 and 20 mm, were individually contacted via e-mail in
order to acquire those missing data.

2.4. Methods of the Review of the Literature and Syntesis

Three reviewers (BM, GM, GF) assessed all the studies identified as described above:
each paper was re-examined to confirm that it met the inclusion criteria and then ranked
for its methodological quality, based on previously reported criteria [11].

Data on types of participants and outcome measures were extracted independently by
the reviewers. Only in the case of discrepancies was the further and final judgment of an
independent clinical expert (AR, CH, RER) applied. The excluded studies and the reasons
for exclusion were recorded. In case of duplicate publications, the most recent version
was considered.

To ensure a rigorous and transparent evaluation of the methodological quality and risk
of bias in the included studies, we employed the Newcastle-Ottawa Scale (NOS) for cohort
studies. Each study was evaluated and categorized based on its total score as follows:
0–3 points indicated low quality, 4–6 points indicated moderate quality, and 7–9 points
indicated high quality.

All the studies included were evaluated for their methodological quality, consider-
ing their study design (cohort studies or case series), patient selection (consecutive or
non-consecutive), data collection (prospective, retrospective, or unknown), and spectrum
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composition (reflecting, or not, the representativeness of the patients of the clinical practice),
according to previously defined standards [11].

Where available, the following information was extracted from each study: total
number of patients, study design, median duodenal tumor size, duodenal site, degree
of tumor differentiation (i.e., grading according to the WHO 2010 classification system),
functioning or non-functioning tumor, type of endoscopic procedure, free margin status,
recurrence rate, complications, PFS, and overall survival (OS).

The heterogeneity of the results was assessed in the analysis using the I2 statistic,
which measures the percentage of total variation across studies that is due to heterogene-
ity rather than chance. We considered substantial heterogeneity to be present when I2

exceeded 50%.
If substantial heterogeneity was present, no meta-analytic syntheses were performed,

but only qualitative analysis summarizing the findings of individual studies was done.
In case of non-significant heterogeneity, random-effects models were used to synthesize
the measure estimates. We employed random-effects models to synthesize the measure
estimates, and the pooled effect estimates derived from our meta-analyses were visually
presented using Forest plots. The statistical analyses were conducted using MedCalc
Statistical Software version 14.8.1 (MedCalc Software bvba, Ostend, Belgium; http://www.
medcalc.org; 2014, accessed on 1 December 2023).

3. Result

The search strategy produced 339 studies. After removing duplicates, a total of
37 articles were selected by title and abstract. Filtering by article type, 19 studies reporting
endoscopic resection data of dNENs were considered, for a total of 105 tumors.

For the purpose of our systematic review, seven studies [5,12–17], met the inclusion
criteria and contained relevant data on dNENs sized between 10 mm and 20 mm. The other
studies were discarded due to insufficient data. Figure 1 represents the study selection
process in the PRISMA diagram.
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The included studies were all retrospective (Table 1). According to the Newcastle-
Ottawa Scale (NOS) for cohort studies, six studies were categorized as moderate
quality [5,14–18] and one study only as high quality, with a score of 7/9 [13]. Information
regarding the histologic grading was available for only 29 dNENs undergoing endoscopic
resection: 21 tumors (72.5%) were grade 1 (G1), 8 (27.5%) were grade 2 (G2), and none were
classified as grade 3 (G3).

Table 1. Summary of the included studies.

Authors Shroff [12] * Massironi [5] * Lee [13] * Tran [14] * Mahmud [15] * Yokoyama [16] * Gincul [17] *

Number of
total patients 30 108 60 104 33 4 29

Number of
patients with

10–20 mm
dNENs

4 8 9 20 9 4 11

Median size
(range), (mm) 13 (10–19) 11 (10–14) NA 13 (10–16) 12 (11–15) 12 (11–13) NA

G1 NA 6 7 8 NA NA NA

G2 NA 1 2 5 NA NA NA

G3 NA 0 0 0 NA NA NA

EMR 4 7 5 20 8 4 11

ESD 0 1 4 0 0 0 0

Snare
polipectomy 0 NA 0 0 1 0 0

En Bloc NA NA 8 NA 7 4 NA

Piecemeal NA NA 1 NA 2 0 NA

R0 2 NA 0 NA 5 4 4

R1 2 NA 9 NA 4 0 5

dNENs: duodenal neuroendocrine neoplasms; EMR: endoscopic mucosal resection; ESD: endoscopic submucosal
dissection; NA: not available; R0: free margin after endoscopic resection; R1: positive margin after endoscopic
resection. Grading was determined according to the WHO 2010 classification system. * Number in brackets
represent the corresponding reference number.

The study with the largest sample size [14] included 20 dNENs between 10 and
20 mm treated with EMR and concluded that there was no statistically significant difference
in progression-free survival (PFS) between surgical resection and EMR.

Overall, we collected accurate information about the treatment of 65 tumors: 59 of them
(91%) had been treated with EMR, 5 (8%) with ESD, and 1 (1%) with a cold polypectomy
technique. In addition, en bloc resection was being practiced in seven out of nine tumors
(77.9%) in Mahmud [15], in eight out of nine tumors in Lee’s study (88.9%) [13], and for all
the four tumors in Yokoyama’s study (100%) [16], while this information was not reported
in the remaining studies.

In terms of follow-up, in the seven included studies, the follow-up ranged from a
minimum of 17.5 months [15] to a maximum of 95.7 months [14], with a mean follow-up of
49 months.

When considering all the endoscopic techniques together [5,12–17], the overall recur-
rence rate was 14.6% (95%CI 5.4–27.4) in a total of 65 patients analyzed, without significant
heterogeneity of the results (I2 = 42.8%, p = 0.1) (Figure 2). When considering studies
specifically focused on EMR techniques [12,14–17], the recurrence rate was 20.5% (95%CI
10.7–32.4) in a total of 47 patients examined, without significant heterogeneity (I2 = 0%,
p = 0.4). Only two studies [5,13] explored the efficacy and radicality of ESD technique,
analyzing a total of only five patients, and neither reported any cases of recurrence.
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Figure 2. Forest plot illustrating the results of the analysis of the recurrence rate after endoscopic
treatment in all the seven included studies.

During the follow-up, Tran’s study reported four cases of local post-EMR recurrence
that underwent subsequent surgical resection [14]; three cases of local disease recurrence
were reported in Mahmud’s study, with no significant difference in the local recurrence
rate between EMR and simple polypectomy [15]. Among the studies considered, only
one metastatic lesion to local lymph nodes was observed 6 months after endoscopic resec-
tion and the patient underwent complementary surgical treatment [12]. No deaths were
observed among the 65 analyzed patients during the follow-up period.

Data on the ability to obtain the free margin (R0) on histopathological examination
after endoscopic tumor resection were only available in some of the studies. In Yokoyama’s
study, the R0 rate was 100% [16], in Mahmud’s study 77.8% [15], and in Shroff’s study
50% [12]. In Lee’s study, on the other hand, the R0 rate was 0% in the subgroup with lesion
size between 10 and 20 mm, in contrast to those in the other two subgroups (1–5 mm,
6–10 mm); lymphovascular invasion also occurred significantly more frequently among
those with lesion size ≥11 mm [13].

As concerned safety, in the analysis of the examined studies (Figure 3), it was found
that no severe complications, such as significant bleeding during or after the procedure,
perforation, or stenosis, were reported.
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Figure 3. Forest plot illustrating the results of the analysis on the safety of endoscopic treatment in
the four studies analyzed. The plot shows proportions with corresponding 95% confidence intervals
for each study, indicating the absence of severe complications.

4. Discussion

According to the present systematic review, endoscopic resection could be the first
treatment option in patients with dNENs sized 10–20 mm without evidence of metastatic
disease, and it might be a valid therapeutic alternative to surgical resection in this subgroup
of patients, whose treatment has not yet been fully standardized.

Currently, there is no consensus on the exact relationship between the dNENs’ di-
ameter and the likelihood of LN involvement, and even if the tumor size seems to be
a prognostic factor for tumor recurrence [18], recent data proved that dNENs can be
metastatic at any size [5]. Direct surgical resection is suggested in the presence of LN
metastases, peri-ampullary lesions, or for lesions with a size >20 mm (i.e., high risk
of LN involvement), while endoscopic resection is considered for lesions <10 mm as
long as they are limited to the submucosal layer (i.e., low risk of LN involvement), if
there is no EUS evidence of LN involvement [7,8,19]. Intermediate NENs measuring
10–20 mm still remains a grey area, and their treatment remains often managed on a case-
by-case basis depending on the single center’s decision and/or attitude. According to
the most recent guidelines [8], a cut-off of 15 mm might be considered for endoscopic
resection, but only in a selected subgroup of tumors and provided that EUS shows no LN or
vascular involvement.

An EUS evaluation prior to performing any type of resection (endoscopic or surgical)
is mandatory and has proven to have a sensitivity as high as 94% in selecting appropriate
candidates for endoscopic resection [20], as LN metastases may often be missed during
the initial tumor staging using conventional imaging [8,18]. In the studies included in
the current systematic review, all the patients included in three of the studies [14–16]
had undergone EUS prior to endoscopy, while this information was not available for the
remaining ones.
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According to published data, ESD seems to be superior in terms of oncological radical-
ity, scoring as high as 100% [21] vs. 56% for EMR [22], and in avoiding recurrence when
compared to EMR for dNENs, probably due to its larger tissue removal. However, ESD is a
technique requiring a longer execution time [23] and significantly higher endoscopic exper-
tise than EMR and may therefore not always be available in non-tertiary centers [21,22,24].
Moreover, since the duodenal wall is normally thinner than its gastric or rectal counterpart,
ESD tends to be associated with a higher risk of complications [23,25]. It is worth noting
that, when considering dNENs, studies on endoscopic resection techniques are scanty,
especially for ESD, and herein only two studies analyzed ESD, for a total of five patients,
and no recurrence was observed. However, due to the small sample size, no comparison
can be made between the different endoscopic techniques, and further research with a
larger number of studies and more comprehensive data is needed to provide a more robust
understanding of the recurrence rates associated with different endoscopic techniques.

In the present systematic review, the vast majority of the dNENs examined were
removed using EMR, and during a median follow-up of 49 months, eight cases of disease
recurrence were reported in two studies only [14,15], with no distant metastatic lesions,
which suggests that endoscopic resection can be considered in selected dNENs sized
10–20 mm. According to data from the literature, in a retrospective study including
12 dNEN patients treated with EMR, 34 who had local resections, and 29 who underwent
pancreaticoduodenectomy, 11 tumor recurrences were observed with an overall median
follow-up of 27 months, and four patients died of their disease [18]. No difference in
recurrence rate was identified among the different treatment options, although tumors
selected for EMR were smaller than tumors surgically treated, which highlights that tumor
size is considered a prognostic factor for tumor recurrence. In line with these data, in the
study by Kim et al. [21], no recurrence was observed in 36 lesions endoscopically treated,
but these results were influenced by the fact that this study included dNENs ≤ 10 mm only
and that the mean follow-up period was as short as 17 months.

Unfortunately, data regarding the radicality of endoscopic resection were scarce,
available in only a few studies but as high as 100% in Yokoyama’s study [16] and 77.8%
in Mahmud [15]. In the French retrospective study by Gincul et al., a positive margin rate
(R1) as high as 44% was found and, in particular, in the univariate analysis, no significant
differences were reported between the resection techniques (EMR/EMR-C) or tumor sizes
(whether <10 mm or 10–20 mm), suggesting that the major role in oncological radicality
may be played by the resection technique itself instead of by the tumor size [17]. However,
as recently reported, when dNENs < 20 mm are considered, the actual impact of a positive
margin status itself (R1) on the risk of recurrence after endoscopic resection has yet to
be clarified, since data regarding the statistical significance of this association seem to be
contradictory among different studies [10,26,27].

Regarding safety, endoscopic resection appears to be a safe technique. In the current
analysis, no complications were reported. However, this favorable outcome can be at-
tributed to the limited number of patients enrolled in each study, which may have helped
to mitigate the occurrence of adverse events.

The major limitation of the present study is definitely the limited sample size. Aside
from the relative rarity of this disease, the main reason for this has been the paucity of
data regarding sole endoscopic resections of 10–20 mm dNENs in the literature, since
often for this subset of lesions the surgical choice prevails over the endoscopic alternative
due to the fear of micro-metastases, the patients’ preferences, or the lack of endoscopic
expertise, leading to a rather small pool of data for us to begin with. Moreover, the vast
majority of the studies available in the literature that focused on endoscopic resection
included almost exclusively smaller dNENs (<10 mm), since their treatment with the
endoscopic approach is standardized at the present time, while separate data regarding
dNENs measuring 10–20 mm were available in only seven studies, providing a small
sample size. Of note, the analyzed studies included mainly tumors <15 mm (see Table 1),
which does not allow us to draw solid conclusions regarding dNENs measuring between
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15 and 20 mm, and furthermore, the last guidelines [8] cautiously suggest endoscopic
resection for tumors <15 mm in selected cases only. Another possible limitation is that
all the examined studies were retrospective case series; however, this is common in the
neuroendocrine setting, due to the more indolent behavior of these tumors if compared to
their exocrine counterparts, and they were overall moderate quality studies. Furthermore,
some studies had a relatively short follow-up (i.e., less than 24 months), with a mean
follow-up for all the included studies of 49 months. It is also important to highlight that
our work might appear to be more aligned with a systematic review than a meta-analysis
in the strict scientific sense. Surely, given the heterogeneity and limited sample size of the
available studies, a comprehensive meta-analysis across all intended metrics was quite
challenging. However, we have still performed a quantitative synthesis of the recurrence
rates and safety results of the included studies, selecting only outcome measures where we
did not find significant heterogeneity, which we believe allows current papers still to be
considered as meta-analysis.

On the other hand, the greatest point of strength for our study is its systematic nature,
providing an initial analysis of a niche but ambiguous topic that was not present in the
literature yet and may pave the way to further studies whenever more data become available.

In conclusion, endoscopic resection could be the first treatment option in patients with
dNENs sized 10–20 mm and without evidence of metastatic disease. However, the results
of the current study must be interpreted with caution considering the intrinsic limitations
of the included studies (i.e., the retrospective nature, the moderate scientific quality, the
small sample size, and the short follow-up periods). Further studies are needed to better
clarify the role of endoscopic resection in this subset of tumors and to provide evidence
of its superiority among the available endoscopic techniques. In this specific setting, even
more than in other NENs, the multidisciplinary management of the patients together with
their referral to tertiary centers with higher endoscopic expertise is pivotal.
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