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ABSTRACT

Background and study aims Endoscopic resection (ER) is
recommended for the management of duodenal neuroen-
docrine tumors (D-NETs) confined to the submucosal layer,
without lymph node or distant metastasis. While this is ac-
cepted practice for lesions < 10 mm, consensus for larger le-
sions remains unclear. Although endoscopic submucosal
dissection (ESD) has been proposed as the preferred ER
technique for DNETs 210 mm, there are limited data on effi-
cacy and safety, particularly in the Western setting.
Patients and methods We performed a retrospective
analysis of patients with D-NETs who underwent ESD be-
tween 2012 and 2022 in three tertiary referral centers in
Australia, France, and Belgium.

Results Fourteen patients with 15 D-NETs were evaluated.
Median patient age was 64 years (interquartile range [IQR]
58-70 years). All D-NETs were confined to the duodenal
bulb. Median D-NET size was 10mm (IQR 7-12mm) and
specimen size was 15mm (IQR 15-20 mm). Median proce-
dure time was 60 minutes (IQR 25-90 minutes). The rate
of en bloc resection was 100%. Intra-procedural perforation
occurred in four patients (26.7%), with all closed endoscop-
ically without long-term sequelae. There were no episodes
of clinically significant bleeding. No local recurrence, lymph
node or distant metastasis was observed at a median fol-
low-up of 19.9 months (IQR 10.3-49.3 months).
Conclusions In experienced hands, ESD for D-NETs can
achieve a 100% en bloc resection rate. There were no cases
of local recurrence or distant metastatic spread, indicating
that ESD may be a viable option for patients with D-NETs 10
to 15mm that are not surgical candidates.
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Introduction

Duodenal neuroendocrine tumors (D-NETs) are uncommon
neoplastic entities, primarily arising within the duodenal bulb.
Between 1983 and 2010, there was a 400% increase in the inci-
dence of D-NETs [1], likely owing to improved optical evaluati-
on and advancements in endoscope technology [2]. The major-
ity of D-NETs (80%) are non-ampullary [3], with current guide-
lines advocating for resection when < 20 mm in size, in the ab-
sence of lymph node involvement [4, 5]. This is primarily due to
their metastatic potential, with the ability to spread to regional
lymph nodes and distant organs such as the liver.

Although surgical intervention offers a greater chance of
resection with clear margins when compared with endoscopic
resection (ER), it is highly invasive and not without risk [4]. The
utility of ER remains unclear, with relevant literature limited to
small volume case-series [6,7,8,9,10,11,12,13,14,15,16,17,
18,19] that describe a myriad of methods, including cold-snare
polypectomy, endoscopic mucosal resection (EMR), band-EMR
and band-EMR without resection (BWR). However, because D-
NETs are subepithelial lesions (SELs), there is an inherent risk
of incomplete resection with these techniques. Furthermore,
any failed attempts at ER may promote formation of submuco-
sal fibrosis and therefore render subsequent attempts difficult.

Endoscopic submucosal dissection (ESD) is an attractive al-
ternative because it offers the potential to achieve en bloc re-
section with clear margins. However, the current evidence
base pertaining to the outcomes of ESD for non-ampullary D-
NETs is limited to case series of less than 10 patients, predomi-
nantly from Asia [6,20,21,22]. We sought to evaluate the per-
formance and safety of ESD in the management of non-ampul-
lary D-NETs in a multi-centered Western setting.

Methods
Study population

We reviewed prospectively maintained ESD databases from
three tertiary referral centers in Australia, France, and Belgium
between January 2012 and June 2022.A total of 14 patients
with 15 D-NETs underwent ESD at one of the three expert
endoscopy centers. In each case, a baseline gastroscopy, endo-
scopic ultrasound (EUS), and axial imaging in the form of com-
puted tomography (CT) and/or somatostatin receptor imaging
were performed prior to ESD to ensure that there was no evi-
dence of regional lymph node enlargement or distant metasta-
sis. The primary goal of ESD was to obtain an enbloc excision,
with clear horizontal and vertical margins. Thus, the indications
for ESD a were lesion size 10 to 15mm, difficult access or sus-
pected submucosal fibrosis as demonstrated by a poor lift with
suctioning. Approval to maintain prospective databases was
provided by the research and ethics committees of each
respective hospital. Informed consent was gained from each
patient prior to ESD.
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Endoscopic resection

All endoscopic procedures were performed by a study investi-
gator (accredited gastroenterologist with interventional
endoscopy training and an established tertiary referral prac-
tice). All ESD procedures were performed with general anesthe-
sia with endotracheal intubation. A single-channel upper gas-
trointestinal endoscope with a water-jet system was used. Car-
bon dioxide insufflation was used during all ESD cases. A Dual
Knife or Dual Knife | 1.5mm (Olympus, Tokyo, Japan) was used
to mark out the lesion using soft coagulation, with a 3- to 5-mm
rim of normal duodenal mucosa to reduce the risk of positive
horizontal margins. A submucosal injection of a colloid chro-
moinjectate was performed to lift the lesion. At the discretion
of the proceduralist, adrenaline (1:100,000) was added to the
chromoinjectate in some cases.

Subsequently, a mucosal incision was performed to expose
the submucosal plane, ensuring the soft coagulation markings
were kept within the field of resection. In the majority of cases,
the mucosal incision was extended circumferentially, following
which submucosal dissection was performed as close to the
muscle layer as possible. In one case, due to the challenging lo-
cation of the D-NET, a submucosal tunnel was created from the
pylorus into the duodenal bulb. Once that was complete, a mu-
cosal incision was created on either side of the tunnel to re-
move the lesion en bloc. Traction was employed if submucosal
fibrosis was encountered (»Fig.1). A microprocessor-con-
trolled generator (ERBE VIO 300D or VIO3; ERBE, Tubingen,
Germany) was used during mucosal incision and submucosal
dissection (» Fig. 2). Large vessels were treated prophylactically
with hemostatic forceps using soft coagulation. Minor intra-
procedural bleeding was considered an accepted part of rou-
tine ESD and was commonly encountered. This was readily
treated with the Dual Knife on a Swift coagulation setting or he-
mostatic forceps on a soft coagulation setting.

Histological evaluation

Once retrieved, the lesion was fixed in 10% formalin. Following
serial sectioning, the resected specimens were assessed inde-
pendently by two subspecialist gastrointestinal pathologists.
The histological type, macroscopic appearance, tumor size,
depth of invasion, lymphatic and vascular involvement, and
horizontal and vertical margins were assessed. The Ki-67 index
was assessed in all cases to classify tumors as grade 1, 2 or 3 ac-
cording to the World Health Organization (WHO) 2019 classifi-
cation [23].

Definitions

En bloc resection was defined as resection of the lesion in a sin-
gle piece with no endoscopically visible residual tumor. RO re-
section was defined as en bloc resection with histologically
clear horizontal and vertical margins. Presence of any tumor
cells at the resected margin was considered a positive margin.
As per the 2023 European Neuroendocrine Tumor Society (EN-
ETS) guideline, curative resection was defined as an RO resec-
tion, lesion size <15mm, WHO Grade 1 histology and without
lymphovascular invasion [4].
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» Fig.1 A 10-mm duodenal bulb neuroendocrine tumor removed by endoscopic submucosal dissection, employing endoclips for traction to
expose the submucosal plane.

Peri-procedural adverse events, including bleeding, perfora-
tion, and stenosis were recorded. Clinically significant intra-
procedural bleeding was defined as the requirement of hemo-
static techniques other than the use of hemostatic forceps or
the Dual Knife ] on Swift coagulation. Delayed bleeding was de-
fined as hematemesis or melena that required an additional
endoscopic procedure and necessitated the use of hemostatic
forceps or endo-clips within the first 2 weeks post-ESD.

Perforation was subdivided into intra-procedural and de-
layed. Delayed perforation was diagnosed when a patient pres-
ented with fevers and peritoneal or retroperitoneal free air on
CT imaging, in the absence of intraoperative perforation.
Stenosis was defined as inability to pass a standard gastroscope
beyond the site of ESD at time of endoscopic follow-up or if a
patient presented with clinical signs of obstruction.

Follow-up

Post-ESD, patients were kept fasted and observed in the hospi-
tal overnight on intravenous (1V) fluids and a continuous IV pro-
ton pump inhibitor(PPl) infusion. The following morning,
patients were started on clear fluids. Patients were discharged
if stable, afebrile, pain-free, and tolerating fluids. All patients
were prescribed twice-daily oral PPI therapy for 2 months. At
follow-up gastroscopy 6-months post-ESD, if there was endo-
scopic concern for recurrence, biopsies were taken to assess
for histologic evidence of recurrence.
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Statistical analysis

SPSS version 26.0 (IBM, Armonk, New York, United States) was
used for data analysis. Variables were analyzed per lesion. Con-
tinuous variables were summarized using median and inter-
quartile range (IQR). Categorical variables were summarized as
frequencies (%). All analyses were exploratory and two-tailed
tests with a 5% significance level were used throughout. To
test for association between categorical variables, the Pearson
x?or the Fisher Exact tests were used, where appropriate.

Results
Patient and lesion characteristics

A total of 15 D-NETs in 14 patients underwent ESD (» Table 1).
The median age of the patients was 64 years (IQR 58-70 years)
and the majority were male (n=9, 64.3%). All D-NETs were loca-
ted within the duodenal bulb. There were two patients (14.3%)
with concomitant D-NETs identified at index gastroscopy. One
had a 2- to 3-mm lesion that was easily accessible and resected
via EMR later. The other had their concomitant D-NET removed
via ESD at a later date, and is included within this dataset.
Endoscopic morphology was either Paris Is (n=9, 60%) or
Paris lla (n=6, 40%). One lesion was ulcerated (6.7%). Most of
the D-NETs appeared to originate from Layer 3 (submucosa)
based on EUS examination (n=13, 86.7%) and demonstrated
tumor avidity on 68-Ga-DOTATATE positron emission tomog-
raphy (PET) scan imaging (n=10, 66.7%). The median size of
the D-NETs at index gastroscopy was 10mm (IQR 7-12mm).
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» Fig.2 Endoscopic submucosal dissection technique. a Duodenal neuroendocrine tumor observed in duodenal bulb. b Submucosal injection.
¢ Mucosal incision. d Circumferential incision completed. e Submucosal dissection. f Submucosal tumor completed dissected. g Completion of

dissection. h Post-ESD defect. i En bloc pinned specimen.

Procedure and histologic outcomes

The majority of the patients underwent ESD at the lead site (n=
9, 66.7%; » Table 2). The median specimen size was 15mm (IQR
15-20mm) and time taken to complete ESD was 60 minutes
(IQR 25-90 minutes). Histological analysis classified 5 (33.3%)
D-NETs as Grade 1 and 10 (66.7%) as Grade 2.

En bloc resection was achieved in all 15 lesions (100%) (» Ta-
ble3). A conventional approach was utilized in nine (60%). One
(6.7%) required the creation of a submucosal tunnel from the
pylorus into the duodenal bulb. The remainder required trac-
tion (n=5, 33.3%) due to the presence of submucosal fibrosis.

Horizontal RO margins were achieved in all 15 (100%) and
vertical RO margins in seven patients (46.7%). Thus, RO resec-
tion was achieved in seven patients total (46.7%). Of the seven
cases with positive vertical margins, the length of the involved
interface was a median of 0.90mm (IQR 0.18-3.48 mm). Lym-
phovascular invasion was present in one Grade 2 D-NET (6.7%),
which had clear margins. By ENETS 2023 criteria, a curative re-
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section was achieved in three cases (20%). There were no pre-
dictors of RO or curative resection.

Adverse events

There were no episodes of clinically significant intra-procedural
bleeding, delayed bleeding, delayed perforation, or stenosis.
Intra-procedural perforation occurred in four cases (26.7%).
All were managed conservatively at the time of the index-ESD,
with through-the-scope endoscopic clip closure performed
successfully in three cases. All four patients were admitted to
the hospital for close observation. In addition to standard care
with IV fluids and PPI therapy, they were started on IV antibio-
tics. Three of the four patients were discharged the next day.
The fourth case (» Fig. 3) involved significant submucosal fibro-
sis due to a previous attempt at resection with EMR. During
traction-assisted ESD, two small areas of perforation were iden-
tified and promptly closed with an over-the-scope clip (OTSC).
Cross-sectional imaging confirmed the presence of capno-peri-
toneum. The patient was managed conservatively in consulta-
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» Table1 Patient and lesion characteristics.

Characteristics Value

Age in years, median (IQR) 64 (58-70)
Sex n (%)

= Male 9(60%)

= Female 6 (40%)
NET location n (%)

« Bulb 15 (100%)
Depth based on EUS examination n (%)

= layer2 2(13.3%)
= layer3 13 (86.7%)

Tumor morphology, n (%)

= Paris 0-Is 9(60%)
= Paris 0-lla 6 (40%)
Ulceration of NET n (%) 1(6.7%)
Tumor size on endoscopy, median mm (IQR) 10(7-12)

IQR, interquartile range; EUS, endoscopic ultrasound; NET, neuroendocrine
tumor.

tion with the local upper gastrointestinal surgical team.
Patient-controlled analgesia for pain and IV antibiotics were ad-
ministered and patient was discharged on Day 7 post-ESD.

ESD was significantly longer in patients experiencing per-
foration (120.3 # 81.1 minutes vs. 47.8 + 26.8 minutes; P=
0.017). By univariate analysis, the only risk factor for perfora-
tion was non-avidity on PET imaging D-NETs (n=3, 75% vs. n=
1, 10%; P=0.041). However, when adjusted for patient age,
gender, layer of origin, and presence of ulceration, there was
no significance (P=0.999).

None of the patients with perforation required salvage sur-
gical intervention and there were no long-term sequelae.

Short-term outcomes

Patients were followed up for a median of 19.9 months (IQR
10.3-49.3 months) after ESD (» Table2). None of the patients
showed evidence of local endoscopic recurrence, metachro-
nous lymph node metastasis or distant metastasis on PET scan
during the follow-up period.

Discussion

In this study, we assessed the procedural and short-term treat-
ment outcomes of ESD for non-ampullary D-NETs. To the best
of our knowledge, this is the largest case-series to date and
the first in a Western setting. We showed that ESD is technically
feasible in expert centers, achieving a 100% en bloc resection
rate for D-NETs 10 to 15mm. The rate of positive vertical mar-
gins was high (53.3%), although it did not translate into short-
term local recurrence or lymph node/distant metastases at a
median follow-up of 19.9 months. Reassuringly, all intra-proce-
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» Table2 Procedural and short-term outcomes.

Characteristic/outcome Value

ESD duration min (IQR) 60 (25-90)
Specimen size, median mm (IQR) 15 (15-20)
Technique n (%)

= Conventional 9(60%)

= Tunnelling 1(6.7%)

= Traction 5(33.3%)
WHO grade, n (%)

= Grade1 5(33.3%)

« Grade?2 10 (66.7%)
= Grade3 0 (0%)
Lymphovascularinvasion n (%) 1(6.7%)
Complications n (%)

= Post procedural bleeding 0(0%)

= Delayed bleeding 0(0%)

= Intraprocedural perforation 4(26.7%)

= Delayed perforation 0(0%)

= Stenosis 0(0%)

En bloc resection completed n (%) 15(100%)

RO margins n (%)

= RO horizontal margin 15 (100%)
= RO vertical margin 7 (46.7%)
Curative resection n (%) 3(20%)

Follow-up time median, months (IQR) 19.9(10.3-49.3)

Local recurrence n (%) 0 (0%)
Lymph metastasis n (%) 0(0%)
Distant metastasis n (%) 0(0%)

IQR, interquartile range; WHO, World Health Organization.

dural perforations were detected promptly within the index-
ESD procedure and managed with clip closure, without any se-
quelae. While longer-term follow-up is required to determine
the efficacy of ESD for D-NETs 10 to 15mm, our findings sug-
gest that this is a viable option to consider, particularly in those
that are not candidates for surgical resection.

Although D-NETs are uncommon, they can lead to serious
consequences, and thus, mandate intervention. While current
guidelines recommend ER for non-ampullary D-NETs <10 mm
[2,24], for larger lesions it remains unclear whether a surgical
or ER approach is superior [24]. Traditional ER methods, such
as cold-snare polypectomy, EMR, band-EMR and BWR, are lim-
ited by high rates of positive margins [6,11,14,15,16,17,18,
19,20,21,25]. One advantage of ESD over traditional ER tech-
niques is that we were able to achieve 100% RO horizontal mar-
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» Fig.3 a Scar from prior D-NET removed by EMR with positive margins. b Circumferential incision completed. ¢ Submucosal dissection with
traction technique. d Two areas of deep mural injury (black arrows). e Over-the-scope endoscopic clip closure. f Evidence of pneumoperitoneum
on CT post procedure.

gins. However, we noted that eight (53.3%) had a positive verti-
cal margin. Because the submucosal layer of the duodenal cap
is thin, subepithelial lesions such as D-NETs are in close proximi-
ty to the muscularis propria (» Fig. 1). Thus, to achieve a histo-
logically free vertical margin is extremely challenging. Interest-
ingly, the median length of the involved interface at this margin
was only 0.9 mm. Furthermore, some D-NETs may be encapsu-
lated [26, 27, 28,29], and therefore, with resection it is possible
that the margin is void of tumor cells. Reassuringly, disease-free
survival in our cohort was 100%, with none of the patients in
our series demonstrating local endoscopic recurrence or lymph
node/distant metastasis during a median follow-up period of
19.9 months. Comparatively, the rates of local recurrence with
EMR are reported upwards of 18% [6,9,10,11,12,13,30]. Al-
though longer follow-up of data is required, our results demon-
strate that the ESD of D-NETs 10 to 15 mm in size is technically
feasible.

The low rate of curative resection (20%) achieved in our
study was predominantly independent of the resection tech-
nique and rather driven by tumor biology, with 10 of the 12
non-curative cases (83.3%) due to WHO Grade 2 histology. Fol-
lowing discussion at local multi-disciplinary team meetings,
surveillance was chosen in all non-curative cases due to a com-
bination of factors, including patient age, underlying comor-
bidities, and personal preference. As aforementioned, there
were no cases of endoscopic recurrence noted at follow-up, in
keeping with studies in an Eastern setting [6,20,21,25,30]. As
an alternative to ESD, endoscopic full-thickness resection
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(EFTR) may be an option for D-NETs because it may address
the issue of positive vertical margins. However, in comparison
to ESD, precise control over depth and lateral margins of exci-
sion are not assured. Furthermore, the technique is limited by
expense, lesion size, maneuverability of the device within the
duodenum, and the risk of delayed perforation [19]. Alterna-
tively, the risk of invasive surgery may well exceed the potential
for recurrence after ESD for 10- to 15-mm D-NETs. Therefore,
further studies are required, particularly comparing short- and
long-term outcomes of ESD with EFTR.

ESD for non-ampullary D-NETs is more technically difficult
than for stomach, esophageal or rectal lesions owing to the
fact that the duodenal wall is very thin and the lumen is narrow-
er, therefore affecting maneuverability [31,32]. This may
account for the higher rates of intra-procedural perforation
experienced with ESD for D-NETs, ranging from 13% to 67%
[20,21,22]. In the present study, our intra-procedural perfora-
tion rate was similar at 26.7%. Reassuringly, all perforations
were identified and managed promptly. One case required an
OTSC closure; however, this was a technically challenging case
with significant submucosal fibrosis secondary to a prior EMR
attempt. Importantly, there was no need for salvage surgery
or long-term sequelae. Although non-avidity on PET imaging
was identified as a risk factor for perforation, this is likely a
Type 1 statistical error due to the small number of cases. Fur-
thermore, there was no significance noted when adjusted for
age, gender, layer of origin, and presence of ulceration. Thus,
we have demonstrated that when ESD is performed by experi-
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enced endoscopists in tertiary referral centers, complications
such as perforation can be readily managed, without long-
term impact on the patient.

The present study had several limitations. First, it was a ret-
rospective study that assessed the outcomes of ESD for D-NETs.
Thus, we did not have access to data pertaining to the total
number of D-NETs that were detected or resected by other
means during the study period. Second, despite being multi-
center, the overall number of patients was small. However, to
the best of our knowledge, this is the largest number of
patients undergoing ESD for D-NETs reported to date. Third,
the follow-up period and method of follow-up were variable.
The duration was somewhat insufficient for detecting metasta-
sis in all cases. A larger number of patients enrolled prospec-
tively involving multiple centers of excellence with standard-
ized follow-up for a minimum of 5 years is required to best
determine the efficacy and safety of ESD for D-NETs.

Conclusions

In conclusion, if there is no evidence of lymph node or distant
metastasis during workup for a D-NET, ESD is an effective and
safe ER technique when performed in an expert center. ESD
should be the preferred modality for 10- to 15-mm D-NETs. Al-
though tumor biology negatively impacted curative resection
rates, current alternatives include highly comorbid surgeries.
While the lack of short-term recurrence is encouraging, the im-
pact of positive vertical margins with ESD is yet to be deter-
mined. Further studies are required, including with longer-
term follow-up and comparisons with EFTR.
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