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The Role of Endoscopy in Small Bowel Neuroendocrine Tumors

JiYoon Yoon, Nikhil A. Kumta and Michelle Kang Kim

Division of Gastroenterology, Icahn School of Medicine at Mount Sinai, New York, NY, USA

Small bowel neuroendocrine tumors (NETs) represent approximately one-third of NETs of the gastrointestinal tract, and their
incidence is increasing. When determining if endoscopic resection is appropriate, endoscopic ultrasound is used to assess the lesion
size and depth of invasion for duodenal NETs. A number of techniques, including endoscopic mucosal resection (EMR), band-
assisted EMR (band-EMR), endoscopic submucosal dissection (ESD), and over-the-scope clip-assisted endoscopic full-thickness
resection (EFTR), have been studied; however, the best technique for endoscopic resection remains unclear. The vast majority of
currently available data are retrospective, and prospective studies with longer follow-up times are required. For jejunal and ileal
NETs, endoscopic techniques such as video capsule endoscopy (VCE) and balloon enteroscopy (BE) assist in diagnosis. This includes
localization of the primary NET in metastatic disease where initial workup has been negative, and the identification of multifocal
disease, which may change management and prognostication. Clin Endosc 2021;54:818-824
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INTRODUCTION

Neuroendocrine tumors (NETs) of the gastroenteropan-
creatic system are a heterogeneous group of neoplasms, with
behavior that differs with primary site, histology, and stage."
Analysis of population-based registries such as the Surveil-
lance, Epidemiology, and End Results (SEER) Program, have
demonstrated increasing incidence of NETSs, such that as of
the year 2000, NETs were the most common small bowel ma-
lignancy, overtaking adenocarcinoma.’ Small bowel NETs (SB-
NETs) comprise approximately 30% of NETs of the gastroin-
testinal (GI) tract ." In addition to their rising incidence, SB-
NETs are likely to be even more common than is captured by
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the SEER registry, which may exclude smaller, more localized
NETs that are often considered benign.’

Patients are frequently asymptomatic and diagnosed inci-
dentally on cross-sectional imaging or endoscopy for other
indications. The clinical presentation of SB-NETs is often
insidious and non-specific, with symptoms such as abdominal
discomfort and diarrhea present years before diagnosis. The
typical carcinoid syndrome is uncommon even in SB-NETs,
with 26% of patients presenting with diarrhea, 13% with flush-
ing, and 2% with bronchial constriction.” Up to a quarter of
patients may present with intestinal obstruction.’

SB-NETs are classified into stages according to the Ameri-
can Joint Committee on Cancer (AJCC) TNM staging system
(Table 1), and grades according to the European Neuroen-
docrine Tumor Society/ World Health Organization grading
system (Table 2), for prognostication.

The evaluation of NETs often includes a combination of
biochemical, imaging, and endoscopic modalities. Biochemi-
cal markers may include gastrin (duodenal NETs), 5-hydroxy-
indoleacetic acid (for jejunal/ileal NETs), and chromogranin A,
while imaging may include computed tomography (CT), mag-
netic resonance imaging (MRI), and radiolabeled scintigraphy
such as “*Ga-DOTATATE PET/CT. On endoscopy, SB-NETs
generally appear as round, sometimes subtle subepithelial
lesions.” Endoscopic techniques such as video capsule endos-
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Table 1. TNM Staging of Neuroendocrine Tumor of the Small Bowel
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Duodenum (excluding ampulla of Vater) Jejunum and Ileum
Primary Tumor (T)
TX Primary tumor cannot be assessed Primary tumor cannot be assessed
TO N/A No evidence of primary tumor
Tl Invades the mucosa or submucosa only and is <1 cm Invades lamina propria or submucosa and is <1 cm
T2 Invades the muscularis propria or is >1 cm Invades muscularis propria or is >1 cm
T3 Invades the pancreas or peripancreatic adipose tissue Invades through the muscularis propria into subserosal tissue
without penetration of overlying serosa
T4 Invades the visceral peritoneum (serosa) or other organs Invades visceral peritoneum (serosa) or other organs or adja-

If number of tumors is known, use T(#); e.g. pT3(4)NOMO

cent structures

If the number of tumors is unavailable or too numerous, use the suffix m - T(m) - e.g. pT3(m)NOMO

Regional Lymph Node (N)

NX Regional lymph nodes cannot be assessed Regional lymph nodes cannot be assessed

NO No regional lymph node involvement No regional lymph node involvement

N1 Regional lymph node involvement Regional lymph node metastasis less than 12 nodes

N2 N/A Large mesenteric masses (>2 cm) and/ or extensive nodal de-
posits (12 or greater), especially those that encase the superior
mesenteric vessels

Distant Metastasis (M)

Mo No distant metastasis No distant metastasis

M1 Distant metastasis Distant metastasis

Mla Confined to liver Confined to liver

Ml1b In at least one extrahepatic site In at least one extrahepatic site

Mlc Both hepatic and extrahepatic metastases Both hepatic and extrahepatic metastases

AJCC Prognostic Stage Groups

Stage I T1, NO, MO

Stage IT T2, N0, MO
T3, N0, M0

Stage IIT T4, N0, MO
Any T, N1, MO

Stage[V. Any T, any N, M1

T1, N0, MO

T2, N0, M0
T3, N0, MO

Any T, N1/N2, MO
T4, N0, MO

Any T, any N, M1

Adapted from the American Joint Committee on Cancer (AJCC) Cancer Staging Manual, 8th Edition

Table 2. Histologic Grade for Gastrointestinal of Neuroendocrine Tumors
(European Neuroendocrine Tumor Society/ World Health Organization grading
system, 2010)

Mitotic index (mitoses/HPF) Ki-67 index (%)
GX  Grade cannot be assessed
Gl <2 <3
G2 2-20 3-20
G3 >20 >20

HPE high power field.

copy and endoscopic ultrasound (EUS) may be helpful in the
diagnosis of NETs, while advanced endoscopic techniques
such as endoscopic mucosal resection (EMR) and endoscopic
submucosal dissection (ESD) may form the cornerstone of SB-
NET management. In this review, we aimed to highlight the
role of endoscopic techniques in the diagnosis and manage-
ment of SB-NETs.
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DUODENAL NEUROENDOCRINE
TUMORS

Duodenal NETs are frequently detected incidentally on
upper GI endoscopy. Although they are most commonly
nonfunctioning tumors (that is, no association with a clini-
cal syndrome), duodenal NETs may also be associated with
Zollinger-Ellison syndrome, with its clinical triad of reflux,
peptic ulcer disease, and diarrhea. As the duodenum is within
the reach of conventional endoscopy, its location allows for
histological evaluation, assessment of tumor stage, and even
curative endoscopic resection.’

Endoscopic ultrasound

The size and depth of invasion are important risk factors
associated with lymph node and distant metastasis.”"> Endo-
scopic ultrasound (EUS) offers a method for precise evalua-
tion of the size and depth of invasion of duodenal NETs prior
to resection, which is essential to determine the method of
resection: endoscopic or surgical.

In lesions less than 10 mm in size, the risk of lymph node or

10,14,15 . .
If invasion of the

distant metastasis and recurrence is low.
muscularis propria is excluded on EUS, endoscopic resection
is appropriate for tumors of this size.”"*'*'* A duodenal NET
greater than 20 mm in size is associated with a higher risk of
recurrence and reduced disease-specific survival,""

indication for surgical resection to obtain wider margins. For

and is an

Table 3. Endoscopic Resection Techniques for Duodenal NET

NETs between 10 and 20 mm, the data are less clear. In the
absence of muscularis propria invasion on EUS, initial endo-
scopic resection may be considered. Surgical resection should
be considered if high-risk features such as lymphovascular in-
vasion, high grade, high mitotic index, or muscularis propria
invasion, are found on pathologic examination.

Endoscopic resection

With the advantage of avoiding surgical morbidity, a trend
towards endoscopic over surgical resection for duodenal NETs
has been reported.”” NETs are submucosal lesions; thus, simple
polypectomy is not considered effective. Various techniques
have been described for resection; however, there is no con-
sensus regarding the optimum technique. Endoscopic muco-
sal resection (EMR), endoscopic submucosal dissection (ESD),
and variants of these techniques have been studied. The resec-
tion technique selected should have the greatest likelihood of
en bloc resection and RO resection (histologically clear lateral
and deep margins). The rate of adverse events must also be
considered, as the duodenum is thin-walled and has a higher
risk of perforation than other areas of the GI tract (Table 3).
Data on long-term outcomes and recurrence are limited due
to short follow-up times in available studies.

EMR uses submucosal injection to lift and separate the
lesion from the muscularis propria. This creates an elevated le-
sion that can be resected with snare cautery (Fig. 1). However,
EMR can result in crush and coagulation injury to the margins

Technique

Patient selection

Advantages

Disadvantages

EMR/ Band-EMR

ESD

EFTR

Lesions <10 mm without muscularis
propria invasion

Consider for lesions 10-20 mm with-
out muscularis propria invasion

Lesions <20 mm without muscularis
propria invasion

Consider for lesions >20 mm with-
out muscularis propria invasion

Lesions <20 mm without muscularis
propria invasion
Consider for lesions 10-20 mm
without muscularis propria inva-
sion

May be considered as salvage pro-
cedure for recurrent/ residual NET
after EMR/ESD

Simple technique, short procedure
time

Low risk of adverse events

Band-EMR may improve deep mar-
gin

Superior en-bloc and RO resection
rates compared to EMR

Can achieve full-thickness resection
High RO resection rate

Can be difficult to achieve en-bloc and
RO resection, especially for deep mar-
gin (improved with band-EMR)

Coagulation injury to specimen may
limit histologic assessment of margins

High adverse event rate in the duode-
num (perforation, delayed bleeding)
Long procedure time

High adverse event rate (perforation,
delayed bleeding)
Longer procedure time than EMR

EMR, endoscopic mucosal resection; ESD, endoscopic submucosal dissection; EFTR, endoscopic full-thickness resection; NET, neuroen-

docrine tumor.
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Fig. 1. Endoscopic mucosal resection of a duodenal neuroendocrine tumor. (A) A duodenal bulb neuroendocrine tumor. (B) After endoscopic mucosal resection. (C)
Closure of mucosal defect using clips.

of the specimen, which can limit pathologic assessment. In
addition, en bloc resection and a clear deep margin can be dif-
ficult to achieve, even with injection lifting of the lesion. Band
ligation-assisted EMR (band-EMR or EMR-ligation; EMR-L)
has been proposed as an alternative technique that avoids
these drawbacks. In band-EMR, tissue is suctioned into a cap,
and a band is deployed underneath, creating a pseudo-polyp.
Snare cautery is used to resect underneath the band, which
may create a deeper vertical margin.

In duodenal NETs, EMR achieves en bloc resection in 88-
97% of cases and RO resection in 63-97% of cases."*"
band-EMR achieves en bloc resection in 100% of cases and RO
resection in 61-92% of cases."®” Notably, all vertical margins
with band-EMR were found to be negative in one study.”
Reported complications are similar for both techniques, in-
cluding intraprocedural bleeding, delayed bleeding, and per-

18-21

Similarly,

foration in 10-12%, 0-6%, and 0-6% of cases, respectively.
With an average of 15 min, EMR has the advantage of a short
procedure time.”

ESD has demonstrated superior en bloc and RO resection
rates in comparison to EMR;'® however, the duodenum is a
technically challenging location with higher complication
rates. ESD involves marking the border of the lesion before a
circumferential mucosal incision is made using an electrosur-
gical knife. Submucosal dissection is then performed with the
knife, as close to the muscularis propria as possible. The defect
can then be closed using clips. ESD achieves en bloc resection
in 80-100% of cases, and RO resection in 88-100% of cases for
the duodenum.”** Although these studies are limited by small
numbers, there appears to be high rates of adverse events, with
some studies reporting perforation in 23-25% of cases, and de-
layed bleeding in 7% of cases.”** The average procedure time

is around 90 min.””’

Over-the-scope clip-assisted endoscopic full-thickness
resection (EFTR) has also been proposed as a method to
improve the deep resection margin. At first, the border of
the lesion is marked using argon plasma coagulation or an
electrosurgical knife. The lesion is then suctioned into the
cap, sometimes using a tri-prong anchor to further retract the
tissue into the cap. An over-the-scope clip is deployed over
the retracted tissue, creating a pseudo-polyp. The tissue above
the clip is then resected using an electrocautery snare. The de-
ployment of the over-the-scope clip allows for deep resection
with closure of the defect, theoretically minimizing the risk of
perforation. Use of this technique in the duodenum has been
limited, but studies to date have reported RO resection in 100%
of cases.”” EFTR has also been successfully used as a salvage
procedure for recurrent or residual NET after EMR or ESD.”
Reports of adverse events have been variable due to limited
numbers in each study. In one study that included 6 duodenal
NETs, perforation, micro-perforation, and hemorrhage oc-
curred in 1/6, 3/6 and 1/6 of cases, respectively.”’ In two other
studies with similar numbers, no adverse events were report-
ed.”®” The reported procedure time was approximately 50

. 28
min.

Jejunal and ileal neuroendocrine tumors

Midgut NETs are classically associated with carcinoid syn-
drome and are often associated with significant symptoms,
including gastrointestinal bleeding, abdominal pain, and diar-
rhea. Ileal NETs are much more common compared to jejunal
NETs and are often associated with multifocal disease. Ileal
NETs are sometimes found incidentally on intubation of the
ileocecal valve during screening colonoscopy. Due to their less
accessible location, jejunal and ileal NETs may present a diag-
nostic challenge.
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Video capsule endoscopy

The role of video capsule endoscopy (VCE) in diagnosis of
SB-NETs is not yet clearly established, and guidelines defer to
local expertise for its use.”” VCE may be useful in identifying
multifocal NETs which may occur in 30-50% of patients and
potentially confer a poorer prognosis than those with solitary
tumors.” Although the sensitivity of imaging and scintigraphy
for detection of the primary small bowel tumor has increased
in recent years,” the sensitivity of imaging in the detection of
multicentric carcinoid tumors has not been evaluated. In this
context, use of VCE in preoperative evaluation may be consid-
ered to aid in determining the extent of resection.

The use of VCE may also be considered in patients with
metastatic NETs of unknown origin before surgical explora-
tion. Metastatic disease (usually in the liver) is found in 11% of
patients with well-differentiated NETSs, but the primary tumor
remains unknown.” On surgical exploration, the majority of
metastatic NETs are found within the small bowel, and not
detected on cross-sectional imaging or scintigraphy.” The
identification of the primary tumor is important, as some data
have suggested that the resection of the primary tumor may
improve prognosis even in metastatic disease.” In general, the
diagnostic yield of VCE in the identification of small bowel
tumors is low (2-9%).** In patients having NETs with un-
known primary tumors, VCE had 75% sensitivity and 38%
specificity compared to exploratory surgery.”

VCE can be limited by false positive mass lesions visualized
due to contractions of the small bowel and extrinsic compres-
sion. When a true mass is seen, the endoscopic appearance
is not definitive, and localization is inexact. A scoring system
for endoscopic findings has been suggested to identify sus-
picious bulges requiring further investigation,” but this has
not been validated in a large cohort. Upon identification via
VCE, a further invasive procedure such as balloon enterosco-
py is required to confirm the findings and obtain patholog-
ical confirmation. Somatostatin receptor scintigraphy using
*Ga-DOTATATE has improved detection compared to previ-
ous agents. However, in its absence, VCE may still be of value
given its low risk, especially before exploratory surgery.

Balloon enteroscopy

Since its introduction in the year 2004, balloon enteroscopy
(BE) has extended the reach of endoscopic techniques to the
previously inaccessible small bowel for various indications,"
including the evaluation of small bowel tumors. The diagnos-
tic yield of BE for small bowel tumors across all indications
has been estimated at 4-14%."* In patients with suspected
NET but negative initial workup, the diagnostic yield is up to
33%." In one study, BE had 88% sensitivity for the primary
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SB-NET compared to 60% for CT, 54% for MRI, and 56% for
somatostatin receptor imaging.™

BE may also be considered to identify multifocal NETs prior
to surgery. In one retrospective study of patients who had un-
dergone small bowel resection, BE prior to surgery identified
additional lesions in 54% of patients, compared to 18% un-
dergoing VCE.”" In another study with a similar design, small
bowel enteroscopy had only a 10% yield, compared with VCE
with a 83% yield.” However, VCE only identified the correct
number of tumors in 21% of these cases.

The use of BE may be limited because it is restricted to re-
ferral centers. Given these limitations, multifocal tumors may
be most reliably found during surgery, by examining the entire
bowel, as emphasized by NANETS guidelines.”® Although
endoscopic interventions, including biopsy, clipping, and
EMR (including resection of a carcinoma) have been shown
to be feasible through BE with minimal complications,” this
practice is not widespread, and surgical resection remains the
mainstay for jejunal and ileal NETs. Endoscopic resection of
jejunal and ileal NETs is not recommended as even diminutive
(sub-centimeter) small bowel lesions may be associated with
invasion and lymphatic spread, requiring a more extensive
surgical resection.

CONCLUSIONS

Endoscopy is the cornerstone of the diagnosis and manage-
ment of SB-NETs. In the duodenum, EUS is an essential tech-
nique that allows assessment of tumor size and depth of inva-
sion, which is necessary to select appropriate candidates for
endoscopic resection. Multiple endoscopic techniques, includ-
ing EMR, band-EMR, EFTR, and ESD have been studied for
the resection of NETs in the duodenum. It can be difficult to
achieve clear margins through EMR for NETs; however, there
is currently no consensus on an optimal technique. In jejunal
and ileal NETSs, endoscopy is mainly for diagnosis, identifying
multifocal tumors before surgical resection, or localizing the
primary lesion in metastatic NETs where the initial workup is
unrevealing,
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