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Management of Small Bowel
Neuroendocrine Tumors

Aaron T. Scott and James R. Howe

Small bowel neuroendocrine tumors (NETSs) are increasing in incidence and are now the
most common primary malignancies of the small intestine. Despite this increase, the vague
presentation and slow growth of these tumors lead to long delays in diagnosis, and many
patients present with metastases. Patients with metastatic small bowel NETs have a
favorable disease prognosis, particularly when contrasted with other Gl malignancies, and
benefit from aggressive, multimodal therapy. During the past decade, the options for the
diagnosis and treatment of small bowel NETs have increased considerably. This review
provides a practical framework for the physician who seek to understand the
epidemiology, presentation, diagnosis, and management of small bowel NETs.

INTRODUCTION

Neuroendocrine tumors (NETSs) are a di-
verse group of neoplasms that arise from
endocrine cells throughout the body.
Though they share common histologic and
biochemical properties, the natural history,
malignant potential, and treatment of these
tumors can vary dramatically. The first
description of a small bowel NET was made
by Langhans,' in 1867, who described a
polypoid tumor of the small intestine. This
was followed in 1888 with a report by
Lubarsch” of two patients who, on autopsy,
had multiple small tumors of the ileum. In
1890, Ransom? provided the first de-
scription of the carcinoid syndrome in a
patient who experienced diarrhea and
dyspnea aggravated by food and who, on
autopsy, had diffuse hepatic metastases
and a distal ileal mass. The term “karzi-
noide” was first used by Oberndorfer* to
describe a series of six patients who had
small bowel tumors. In this initial de-
scription, these tumors were considered
benign, but their variable malignant po-
tential was soon recognized. Continued
study revealed an increasingly broad group
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of tumors with clinical, histologic, and
biochemical similarities to the small bowel
carcinoids; in 1963, Williams and Sandler’
proposed an expansion of the term “car-
cinoid” to encompass these diverse neo-
plasms. Under this scheme, NETs were
classified by embryologic origin into
foregut (bronchial, gastric, pancreatic),
midgut (bowel from mid-duodenum
to midtransverse colon), and hindgut
(descending colon and rectum). Although
the foregut-midgut-hindgut nomenclature
was widely adopted, by the authors’ ad-
mission, “We have no evidence that this
distinction is of fundamental importance,
but we consider it a convenient one.”
The first WHO classification system,
published in 1980, continued to refer to
most tumors of the neuroendocrine system
as carcinoid tumors. Under the WHO
classification, carcinoid tumors were di-
vided into enterochromaffin cell (classical)
carcinoids, gastrin cell carcinoids, and other
carcinoids.” The increasingly imprecise
application of the term “carcinoid,” com-
bined with the fact that the minority of these
tumors were actually associated with the
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carcinoid syndrome, led Capella et al” to propose the use of the
term “neuroendocrine tumor” to refer to all neoplasms of the
neuroendocrine system. The WHO classification was revised
in 2000 to include benign well-differentiated NET, well-
differentiated NET of uncertain behavior, well-differentiated
neuroendocrine carcinoma, and poorly differentiated neuro-
endocrine carcinoma; the presence of local invasion or me-
tastases distinguished NET from neuroendocrine carcinoma
(NEC).® The most recent WHO classification includes NET
grade 1, NET grade 2, and NEGC; these are distinguished from
each other on the basis of proliferative index, which is assessed
by the percentage of cells that stain positive for Ki-67, and
mitotic rate.”

Here, we review the presentation, diagnosis, and man-
agement of NETs that arise in the small bowel from the lig-
ament of Treitz to the ileocecal valve, henceforth referred to as
small bowel NETs. This definition does not include duodenal
tumors, which are biologically and clinically distinct from tu-
mors that arise in the jejunum or ileum.'® Although tumors of
the appendix and proximal colon are also considered midgut
NETs, their management is outside the scope of this review.

EPIDEMIOLOGY AND PRESENTATION

The incidence of NETs in general, and small bowel NETs
specifically, has been increasing steadily since the 1970s."'™*
Although NETs usually are regarded as rare neoplasms, the
increasing incidence combined with the relatively indolent
course have resulted in a prevalence that greatly exceeds many
other GI malignancies, including esophageal, gastric, and
pancreatic cancers.'' In a study of data from the SEER registry,
Dasari et al'* reported that the incidence of NETs has in-
creased 6.4 fold since the program’s inception in 1973. This is
attributable largely to the increased incidence of NETs of the
rectum and small intestine, the two most common primary
gastroenteropancreatic NETs.'” According to the most recent
SEER data, the incidence of small bowel NETSs in the United
States is 1.05 per 100,000 persons.'* Data from several large
European and Canadian studies suggest a similar increase in
incidence.'”'” To what degree this represents an actual in-
crease in incidence versus an apparent increase because of
more frequent use of imaging and endoscopy, increased
clinician awareness, or improved recognition by pathologists
is unclear.”>"*

The carcinoid syndrome was first characterized by Thorson

116

et al ® in 1954 and is classically described as flushing, diar-

rhea, valvular heart disease, and bronchospasm, in order of

472 Volume 14 / Issue 8 / August 2018

Journal of Oncology Practice

. 10,17,18
decreasing frequency.'”"”

Other clinical signs variably at-
tributed to the carcinoid syndrome include telangiectasias,
cyanosis, pellagra-like dermatitis, arthritis, myopathy, edema,
and ascites, though it should be noted that these frequently are
sequela of hepatic tumor replacement or carcinoid heart
disease rather than excess hormone secretion.'®'®"® The
syndrome is caused by the secretion of hormones, including
serotonin, neurokinin A, histamine, and others.'*"'* In tumors
confined to the small bowel and regional lymph nodes, most of
these hormones enter the portal circulation and are inacti-
vated by the liver; consequently, the classical carcinoid syn-
drome is rarely seen in the absence of metastatic disease.">*°
Despite the historical use of the term “carcinoid” to refer to
both NETs and the carcinoid syndrome, most patients present
with nonspecific abdominal pain rather than with symptoms

. 10,18,21,22
of excess hormone secretion.

Because of the relatively
low incidence, the lack of physician awareness, and the vague
presenting symptoms related to small bowel NETs, patients
with these small bowel NETSs often experience long delays in
diagnosis."”™"® The reported duration of symptoms that
precede diagnosis varies considerably in the literature from a
median of 4.3 months at a large academic institution®' to as
long as a median of 9.2 years."”

Although small bowel NET primary tumors are typically
small, they have a tendency to induce a pronounced fibrotic
reaction in the mesentery and often are accompanied by a
mesenteric mass that represents enlarged regional lymph
nodes (Fig 1).>* Fibrosis associated with small bowel NETs was
first described by Moertel et al** in 1961 and leads to sig-
nificant morbidity and mortality as a result of intestinal ob-
struction and ischemia.””” Patients may present with episodic,
crampy abdominal pain characteristic of recurrent partial
bowel obstruction or with complete obstruction that requires
emergent surgery; in some reports nearly half of patients with
small bowel NETSs present with obstructive symptoms.***

The characteristically indolent growth of NETs has led to
their description as cancers in slow motion; however, this slow
growth should not be conflated with benign behavior. Me-
tastases at presentation are seen in approximately 30% of
patients with small bowel NETs in large, population-based
database studies'"'® and in more than 60% of patients at large

21,27,28
referral centers.”"*”

Replacement of the normal hepatic
parenchyma with NET metastases contributes to the vague
abdominal pain characteristic of small bowel NETs and can
eventually lead to liver failure, which is the leading cause of
20,29

death in these patients.
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Fig 1. Top left: Aspiculated, partially calcified nodal mesenteric mass seen on computed tomography scan. Top right: Intraoperative image of a primary small
bowel neuroendocrine tumor with narrowing of the bowel lumen. Bottom left: Intraoperative image of a mesenteric nodal mass. Bottom right: Contrast-
enhanced T1-weighted magnetic resonance imaging in the arterial phase that shows multiple hepatic metastases.

DIAGNOSIS

Biochemical Testing

Small bowel NETs secrete several biochemical markers that can
be measured as part of the diagnostic workup of a patient with
symptoms suggestive of the carcinoid syndrome or as bio-
chemical surveillance of those with an established diagnosis.
Chromogranin A is an acidic glycoprotein that is secreted by a
wide variety of NETSs, including nonfunctional tumors (ie, those
not associated with a hormonal syndrome).'®'® Chromogranin
Aisasensitive and specific marker for NET's that correlates with
both tumor volume and prognosis; however, practitioners
should be aware that a number of conditions, including proton
pump inhibitor therapy, severe hypertension, or renal failure,
can cause falsely elevated levels.'®**"

Another well-studied marker of small bowel NETs is
5-hydroxyindole acetic acid (5-HIAA), which is a breakdown
product of serotonin. The 24-hour urinary collection of 5-HIAA
is preferred to serum serotonin levels because of fluctuations in
serotonin levels throughout the day, and patients should avoid
foods and medications known to cause false elevations.'® A list
of items to avoid can be found at the Carcinoid Cancer
Foundation Web site.’” Serotonin is thought to cause many of

Copyright © 2018 by American Society of Clinical Oncology

the symptoms of the carcinoid syndrome and is implicated in
the pathogenesis of carcinoid heart disease.*"*’

Numerous other biochemical markers, including pan-
creastatin, neurokinin A, substance P, serum serotonin, serum
5-HIAA, and neuron-specific enolase, have been proposed for
the diagnosis and surveillance of small bowel NETs.'®®*" An
important general concept is that no one biochemical marker
will be elevated in all small bowel NETs. A practical approach
involves checking a variety of possible biomarkers and then
monitoring only those that are elevated.'® Although bio-
chemical markers are commonly used in the diagnosis and
surveillance of small bowel NETs, there is little consensus on

how they should be used to guide clinical decisions.**

Imaging

Imaging of small bowel NETs can be divided broadly into two
categories: anatomic and functional. Anatomic studies include
ultrasound (US), computed tomography (CT), and magnetic
resonance imaging (MRI), whereas functional imaging in-
cludes single-photon emission computed tomography (SPECT)
and positron emission tomography (PET). Accurate localization
and staging of small bowel NETs often involves a combi-
nation of several imaging modalities.
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Anatomic imaging

US plays a limited role in the imaging of small bowel NETs.
The main disadvantages of US are the inability to visualize the
entire abdomen because of body habitus and bowel gas and the
time-intensive, operator-dependent nature of the exam. The
primary roles for US in the treatment of small bowel NET's are
in diagnosis and intraoperative tumor location. Liver metas-
tases associated with small bowel NET' are often first seen on
US obtained to evaluate abdominal pain or biliary symptoms,
and, in these cases, tissue biopsy can be obtained under US
guidance. US also is commonly used in the operating room,
where it can be used to locate hepatic metastases and to direct
intraoperative ablative therapy.**>?

The most common imaging study obtained for the di-
agnosis of small bowel NETSs is the CT scan (Fig 1).>* CT has
many advantages, including its availability, quick acquisition
time, excellent anatomic definition, and ability to image the
entire abdomen and thorax for staging and operative planning.
Itis important that a multi-phase CT be obtained for suspected
small bowel NETs. The specific timing for image acquisition
may vary from one center to another, but it should include an
arterial phase, a venous phase, and a delayed phase.” >’ Small
bowel NETs and liver metastases are characteristically hyper-
vascular and are demonstrated best on the arterial phase,
where they appear bright; however, some can be hypovascular
and may be best seen on the venous phase, where they appear
dark.>>*° The reported CT sensitivity for primary small bowel
NETSs ranges from 7% to 38%, but this can be improved to 82%
if the presence of mesenteric lymphadenopathy/fibrosis is
interpreted as evidence of a small bowel primary tumor.*® CT
enteroclysis has also shown better sensitivity, in the range of
50% to 85%, for the detection of small bowel NET primaries.3 5
Reported CT sensitivities for nodal and liver metastases range
from 60% to 70% and 75% to 100%, respectively.’® For surgical
planning, CT scans tend to underestimate the degree of liver
tumor burden and may miss smaller lesions, particularly
compared with MRI and intraoperative US.>*3°

MRI is more sensitive than CT for detection of liver me-
tastases and delivers no ionizing radiation, but it is more
expensive, is less commonly available, and provides poorer
anatomic definition of nodal disease (Fig 1).>* Small bowel
NETs and their metastases typically appear as low-intensity
lesions on T1-weighted images and as high-intensity lesions
on T2- and diffusion-weighted images. Contrast enhance-
ment on MRI is similar to CT. Classic hypervascular me-
tastases will appear bright and are seen best in the arterial
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phase, whereas hypovascular metastases appear dark and are
best demonstrated on the venous phase.>*>® In a prospective
study that compared MRI, CT, and somatostatin receptor
scintigraphy (SRS), the sensitivities for detection of NET liver
metastases was 95.2%, 78%, and 49.3%, respectively, and
MRI detected significantly more metastases. In the same
study, 77% of patients had hypervascular liver metastases,
and 23% had hypovascular metastases.>® Increasingly, MRIs
may be obtained with a hepatocyte-specific contrast agent (eg,
Eovist, Bayer Pharmaceuticals, Berlin, Germany), which has
been shown to provide a better contrast-to-noise ratio and to
improve interobserver reliability for the measurement of NET
liver metastases compared with an extracellular contrast agent
(eg, Gadavist, Bayer Pharmaceuticals, Berlin, Germany).39

Functional imaging

Functional imaging techniques for the diagnosis of small bowel
NETs take advantage of the fact that 80% to 100% of these
tumors show high expression of somatostatin receptors.*’ The
first radiolabeled somatostatin analog to gain widespread
clinical acceptance was indium-111 (*''In)-DTPA-D-Phe-1-
octreotide, which was used with SRS (*''In-SRS [Octreoscan],
Curium, Paris, France; Fig 2). A large series by Krenning et al*'
in 1993 found that "'
with carcinoids from various primary sites.*” '*'In-SRS has

In-SRS was positive in 86% of patients

since evolved by replacing the older planar scintigraphy with
SPECT, which provides superior localization.**** The overall
reported sensitivity of '''In-SRS in recent studies has ranged
from 60% to 80% for the detection of any NET disease,’” but
only approximately half of primary small bowel NET's will be
localized by '*'In-SRS.**

Inrecent years, ' 'In-SRS has been increasingly supplanted as
the functional imaging modality of choice by PET/CT that uses a
number of gallium-68 (*®Ga)-labeled somatostatin analogs, in-
cluding ®*Ga-DOTATOC, -DOTANOC, and -DOTATATE.****
®*Ga-PET has several advantages compared with '"'In-SRS,
including better spatial resolution, faster postinjection image
acquisition, less radiation exposure, and improved diagnostic
accuracy (Fig 2).>* ®*Ga-PET/CT has been used clinically since the
early 2000s had a 97% sensitivity for any NET and a 99% sen-
sitivity for midgut NETs in a large, single-institution series.*
Four recent meta-analyses have reported mean sensitivities of
**Ga-PET for any NETs from 88% to 93%.>* Until recently, access
to a ®*Ga radiotracer was limited in the United States.** However,
®*Ga-DOTATATE was approved by the US Food and Drug
Administration in June 2016 and is now widely available.

Copyright © 2018 by American Society of Clinical Oncology
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Fig 2. Top left: Octreoscan showing hepatic metastases of small bowel neuroendocrine tumor. Bottom left: Gallium-68 positron emission tomography/
computed tomography (®®Ga-PET/CT) of the same patient that demonstrates improved resolution of the metastatic lesions. Right: Coronal section of
a %8Ga-PET/CT that demonstrates a mesenteric nodal mass and multiple metastatic lesions to the liver and left supraclavicular node.

Although ['*F]fluorodeoxyglucose (['*F]JFDG)-PET is
used to detect a variety of other malignancies, well-
differentiated small bowel NETs typically do not show
avid uptake of radiolabeled glucose, and the reported sen-
sitivity for ['*FJFDG-PET ranges from 37% to 72% for
NETs.* ['*F]JFDG-PET remains useful for the imaging of
poorly differentiated tumors, which express the somato-
statin receptor less frequently*® and are more metabolically
active. In a study that compared '*'In-SRS to [**F]-FDG-
PET, the sensitivity of PET increased with grade up to 100%
""In-SRS demonstrated
significantly worse sensitivity in high-grade versus low-

in high-grade tumors, whereas
grade tumors.*

Endoscopy

Endoscopic examination of small bowel NETs includes
colonoscopy, double-balloon enteroscopy, and capsule
endoscopy. The majority of small bowel NET's occur in the
distalileum,'® and, although the terminal ileum is routinely
intubated during colonoscopy, the small bowel until

Copyright © 2018 by American Society of Clinical Oncology

recently has been largely inaccessible for additional en-
doscopic evaluation. Both capsule endoscopy and double-
balloon enteroscopy allow for evaluation of the entire small
bowel in most patients.** Data to support the use of both
modalities specifically in small bowel NET populations are
taken from small retrospective and prospective studies, in
which the reported diagnostic yield ranges from 45% to 72%
for capsule endoscopy and from 30% to 80% for double
balloon enteroscopy.** The role of these endoscopic tech-
niques in the diagnosis of small bowel NET's continues to be
defined, but the techniques are most useful in patients with
suspected small bowel NETs when no primary tumor was
found on anatomic or functional imaging.

Pathologic Exam

Although imaging and biochemical findings can suggest the
diagnosis of small bowel NET, pathologic exam is required
for confirmation. Tissue may be obtained from a surgical
specimen or biopsy, and core needle biopsy is preferable

20,31

to fine-needle aspiration. In patients with clinical
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or histologic suggestion of NET, immunohistochemistry
should be performed to confirm the diagnosis. Both chro-
mogranin and synaptophysin are considered reliable general
markers for NETs.”**"*> However, it is not sufficient to provide
only the diagnosis of NET, particularly in patients who present
with liver metastases and an unknown primary tumor. Ad-
ditional stains will help identify the primary site: diffuse staining
for CDX2 (caudal type homeobox 2) suggests a small bowel
primary; PAX6 (paired box 6), PAX8 (paired box 8), or ISL1
(Islet 1) positivity suggests a pancreatic primary; and TTF-1
(thyroid transcription factor-1) positivity suggests a

46 . :
454 One caveat is that these immu-

bronchial primary.
nohistochemical results may not apply to poorly differ-
entiated tumors.*’

GI NETs are graded according to the 2010 WHO Classi-
fication of Tumors of the Digestive System based on the
proliferative index, which is assessed by the percentage of cells
that stain positively for Ki-67, and mitotic rate (Table 1).°
A more recent WHO classification for pancreatic NETs was
published in 2017. This system clarifies the grading of tumors
with a proliferative index between 2% and 3% (left ambiguous
in the 2010 guidelines) and divides high-grade tumors into
well-differentiated grade 3 NET and poorly differentiated
grade 3 NEC.*” Although this classification technically is
applicable only to pancreatic NETs, the upcoming fifth edition

Table 1. Comparison of the 2010 WHO Classification of
Tumors of the Digestive System and the 2017 WHO
Classification of Tumors of Endocrine Organs

Ki-67 Proliferative
Index (%)

Mitotic Index (per

Classification/Grade 10 HPF)

2010 WHO Classification of Tumors of the Digestive System?®
Well-differentiated NET

Grade 1 =2 <2

Grade 2 3-20 2-20
Poorly differentiated NEC

Grade 3 > 20 > 20

2017 WHO Classification of Tumors of Endocrine Organs®®
Well-differentiated NET

Grade 1 <3 <2

Grade 2 3-20 2-20

Grade 3 > 20 > 20
Poorly differentiated NEC

Grade 3 > 20 > 20

NOTE. The 2017 grading technically applies only to pancreatic NETs, though
in practice it is more widely applied.

Abbreviations: HPF, high-powered field; NEC, neuroendocrine carcinoma;
NET, neuroendocrine tumor.
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of the WHO Classification of Tumors of the Digestive System
is anticipated to be similar. Importantly, the Ki-67 index
should be assessed both for primary tumors and for lymph or
liver metastases from surgical specimens, because patient
survival is most accurately predicted from the highest grade
seen at any site.*® Small bowel NETs are staged according to
the American Joint Committee on Cancer staging system
(Tables 1 and 2).*

TREATMENT OF SMALL BOWEL NETS

Locoregional Disease

In patients withlocoregional smallbowel NETs, the standard of
care is surgical resection.””*”***° These patients often present
with bowel obstruction or abdominal pain, and a mass is
discovered on imaging; as a result, many will undergo re-
section for these signs or symptoms before diagnosis.>*° The
optimal surgical treatment of small bowel NETs is segmental
small bowel resection or ileocecectomy (for distal ileal tumors)
with resection of the regional lymph nodes up to the segmental
branches of the superior mesenteric artery and vein.”> The
abdomen should be diligently inspected for evidence of
peritoneal and liver metastases, which are present in up to 20%
and 60% of patients, respectively, who undergo surgery for
small bowel NETs.”” Careful palpation of the entire small
bowel is critical to detect multifocal tumors, which often are
subcentimeter in size and are present in roughly half of pa-
tients.”* The use of somatostatin analogs is associated with an
elevated risk of gallstone development. For patients who are
likely to require future somatostatin analog therapy (eg, those
with extensive lymph node involvement), prophylactic cho-
lecystectomy should be offered at the time of surgery.”> Al-
though surgery is potentially curative, recurrence rates of 42%
have been reported after resection, and the liver is the most
common site of recurrence.”® Recurrence may occur many
years after the initial surgery because of the slow growth of small
bowel NETs. Current recommendations are for 6-month
surveillance visits for 1 year followed by yearly radiographic,
clinical, and biochemical surveillance for 10 years.31

Metastatic Disease

Small bowel NET's are metastatic at presentation in roughly
30% of patients in population-based studies and in 60% of
patients seen at large referral centers.'"'**"*” The pre-
sentation in these patients can vary significantly from

Copyright © 2018 by American Society of Clinical Oncology
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Table 2. 2018 AJCC Staging of SBNETs"?

SBNET Stage Description
Primary tumor
TX Primary tumor cannot be assessed
TO No evidence of primary tumor
T Tumor invades lamina propria or submucosa and size
=1cm
T2 Tumor invades muscularis propria or tumor
size > 1.cm
T3 Tumor invades through muscularis propria into
subserosal tissues without penetration of overlying
serosa
T4 Tumor penetrates visceral peritoneum (serosa) or

invades other organs

Lymph nodes

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Regional lymph node metastasis < 12 nodes

N2 Large mesenteric masses (> 2 cm) and/or = 12 nodal

deposits, especially those that encase the superior
mesenteric vessels

Metastases
MO No distant metastasis
M1 Distant metastasis
M1a Metastasis confined to liver
M1b Metastases in at least one extrahepatic site
M1c Both hepatic and extrahepatic metastases
Stage
Stage | T1, NO, MO
Stage |l T2 or T3, NO, MO
Stage lll T4, NO, MO
Any T, N1 or N2, MO
Stage IV Any T, any N, M1

NOTE. For multiple tumors, append (m) to the T stage. For multiple tumors
with different T stage, use the highest.

Abbreviations: AJCC, American Joint Committee on Cancer; SBNETs, small-
bowel neuroendocrine tumors.

asymptomatic, incidentally discovered liver metastases to
debilitating flushing and diarrhea from the carcinoid syn-
drome. Compared with many other GI malignancies, patients
with metastatic small bowel NET's have a favorable prognosis:
median overall survival was 103 months for patients di-
agnosed with well-differentiated tumors from 2000 to 2012."*
During the past decade, results from a number of phase III
randomized trials have improved the treatment options for
patients with metastatic small bowel NETs.

Somatostatin analogs
Somatostatin analogs are the first-line treatment of functional
and nonfunctional metastatic small bowel NETs, both for

Copyright © 2018 by American Society of Clinical Oncology

their antiproliferative effects and for control of carcinoid

20,31
symptoms.

Patients often are treated with injection of a
long-acting somatostatin analog (octreotide LAR [long-acting
repeatable] or lanreotide) every 4 weeks, and short-acting
octreotide injections are used as needed for rescue therapy to
improve symptomatic control. The PROMID trial examined
the effect of octreotide LAR versus placebo in patients with
well-differentiated, mostly grade 1 (81 of 85 patients had Ki-67
index < 2%), metastatic, midgut NETs and found signifi-
cantly improved median progression-free survival (PFS) in the

).>> A somewhat different

treatment group (14.3 v 6.0 months
population was examined in the CLARINET trial, which
included patients with metastatic grade 1 or 2 (Ki-67 index <
10%) NETs of the pancreas, midgut, hindgut, or unknown
origin—96% of whom had stable disease at baseline. This
study confirmed the antiproliferative effects of lanreotide by
demonstrating an improved median PFS in the treatment
group compared with placebo (not reached v 18 months).>
Octreotide LAR and lanreotide currently have different approved
indications in the United States (palliation of carcinoid syndrome
and control of tumor growth, respectively). However given their
overall similarity, they are often used interchangeably.”"

Everolimus

Everolimus is a mammalian target of rapamycin inhibitor that
hasbeen studied in patients with advanced NET's with carcinoid
syndrome (RADIANT-2) and advanced nonfunctional NETs
(RADIANT-4). In the RADIANT-2 trial, a trend was seen
toward improved PES for treatment with everolimus and
octreotide LAR compared with octreotide LAR alone; however,
this trend did not reach statistical signiﬁca.nce.54 In contrast, the
results of the RADIANT-4 trial showed improved median PFS
when everolimus monotherapy was compared with placebo
(11.0 v 3.9 months).>® On the basis of these results, everolimus
was approved for use only in progressive nonfunctional NETs,
but it is often used in patients with progressive disease irre-
spective of tumor functionality.’* It is important to note that, in
the RADIANT-2 trial, 52% of patients had small bowel NETs
and the next most common primary sites were the lung (10%)
and colon (7%), whereas 31% of patients in the RADIANT-4
trialhad small bowel NET's and the next most common primary
sites were the lung (30%) and rectum (13%).

Peptide receptor radionuclide therapy
Peptide receptor radionuclide therapy (PRRT) has been used

since 1992 for the treatment of NETs.”® In PRRT, a radiolabeled
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somatostatin analog is used to deliver radionuclides directly to
the tumor. The two most widely used isotopes are yttrium-90
and leutetium-177 (°°Y and '”’Lu, respectively), and '”’Lu emits
beta and gamma rays that have a maximum range of 2 mm.*° In
the NETTER-1 trial, 229 patients with metastatic, well-
differentiated, midgut NETs were randomly assigned to
treatment with '7’Lu-DOTATATE and 30 mg/month of
octreotide LAR or to 60 mg/month octreotide LAR alone. The
study found a significantly improved median PES (not reached v
8.4 months) as well as improved overall survival on interim
analysis as well as an improved response rate in the treatment
group (18% v 3%).”® Peptide receptor radionuclide therapy was
previously unavailable in the United States outside of the re-
search setting. However, on January 26, 2018, the US Food and
Drug Administration approved '"“Lu-DOTATATE for the
treatment of gastroenteropancreatic NETs. For patients with
small bowel NETs who experience disease progression while
receiving somatostatin analog treatment, PRRT will likely be-
come the preferred second-line treatment.

Chemotherapy

Cytotoxic chemotherapy is well established in the treatment of
pancreatic NETs but plays a limited role in the treatment of
well-differentiated small bowel NETs.”” Streptozocin, often
used in combination with fluorouracil or doxorubicin, is
approved for use in pancreatic NETSs, but its efficacy against
small bowel NETs is not established, and it is associated with
significant toxicity.””*® Other chemotherapeutic options in-
clude dacarbazine, oxaliplatin plus capecitabine or fluoro-
uracil, and irinotecan-based therapy.”® Strong evidence to
favor any one chemotherapeutic regimen compared with
another for small bowel NETs is lacking, and most studies
identified in a 2016 meta-analysis were nonrandomized and
included NETs from a variety of primary sites.”” Interferon
alfa, which was used as a control arm in three randomized
trials in the aforementioned meta-analysis, is thought to in-
hibit tumor growth and improve symptom control on the basis
of a number of small prospective and retrospective studies, but
it is not widely used at this time because of the lack of high-
quality evidence and an unfavorable adverse effect profile.”"*>’
In recent years, the combination of capecitabine and temo-
zolomide has been demonstrated to yield response rates from
30% to 70% in pancreatic NETs.>® Data to support the use
of capecitabine and temozolomide in small bowel NETs is
based on small numbers of patients in retrospective studies,
and objective response rates in nonpancreatic NETs are
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significantly lower—ranging from 14% in a heavily pretreated

%961 Despite this, the convenient oral route

population to 42%.
of administration and favorable adverse effect profile make
capecitabine and temozolomide a reasonable second- or third-
line option in patients with progressive small bowel NETs.
NECs that arise from the small bowel are exceedingly rare,
and, because of their dismal prognosis, patients with NECs are
not generally considered surgical candidates.”’ The first-line
treatment of patients with NECs, regardless of primary site, is
cisplatin or carboplatin and etoposide.”®* Patients with Ki-67
indices toward the low end of high-grade disease (20% to 55%)
have shown lower response rates to platinum-based che-
motherapy, but there is neither a standard approach to these

patients nor a standard second-line regimen for NECs.”*®

Carcinoid heart disease

Carcinoid heart disease, which affects up to 20% of patients
with the carcinoid syndrome, is characterized by fibrosis that
primarily affects the right-sided heart valves and is thought to
be due to high circulating levels of serotonin.”*** This valvular
fibrosis eventually leads to heart failure and is associated with
significantly worse prognosis.””>"*> The presentation of
carcinoid heart disease can be subtle, and it is most reliably
detected with echocardiography, although N-terminal pro
b-type natriuretic peptide (NT-proBNP) is a serum marker
with high negative predictive value.>*> Data to support
screening in asymptomatic patients are limited; however,
given the association between elevated serotonin levels and
carcinoid heart disease, annual echocardiography is recom-
mended for patients with significantly elevated serum sero-
tonin or urinary 5-HIAA, and screening of all patients with
metastatic small bowel NETs should be considered.’’ De-
finitive treatment of carcinoid heart disease for patients with
symptomatic, severe valvular disease is surgical valve re-
placement. However, cardiac surgery for carcinoid heart
disease is associated with mortality rates of 10% to 20%, and
the benefits of surgery only begin to outweigh medical
management at approximately 6 months.”> Because of the
association of carcinoid heart disease with elevated serotonin
levels, the use of telotristat has been proposed in patients with
both carcinoid heart disease and high serotonin levels;
however, the benefit is purely theoretical at this point.”"

Surgery for metastatic small bowel NETs
Unlike many other GI malignancies, patients with metastatic

small bowel NETs are not precluded from surgery.”

Copyright © 2018 by American Society of Clinical Oncology
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Numerous retrospective studies have demonstrated improved

survival and symptomatic control with resection of nodal*>*’

. ,63,6.
and hepatic***>**

metastases: 5-year overall survival rates varied
from 65% to 88%. These procedures are rarely curative, and 5-
and 10-year recurrence rates are 95% and 99%, respectively.**
This high recurrence rate shifts the emphasis from cure to
debulking, a notion which also is supported by the lack of
survival benefit associated with R0 versus R1 or R2 resection.”***
Historically, hepatic debulking has been attempted only when
resection of 90% of the metastases was deemed feasible, but
recent studies have found equivalent survival with a threshold of
70% cytoreduction.”>* Adoption of this lower debulking
threshold—along with the use of parenchyma-sparing surgical
techniques, which include wedge resection, enucleation, and
intraoperative radiofrequency or microwave ablation—allows
for as many as 76% of patients to undergo hepatic debulking.**
In contrast, when patients are selected on the basis of the fea-
sibility of achieving 90% cytoreduction, less than 25% will un-
dergo surgery.”*** Contraindications to surgery are debated,
but, in general, patients with greater than 50% liver re-
placement, numerous small metastases, poor performance
status, liver dysfunction, or high-grade disease should not be
considered for hepatic debulking.>” Resection of the primary
tumor, which can be accomplished at the same time as
hepatic cytoreduction, should be performed when feasible to
avoid potential future complications from an obstructing
small bowel lesion or mesenteric mass and to prevent car-
cinomatosis or the development of additional liver metastases.*
Even if a patient’s hepatic metastases are unresectable, resection
of the primary appears to improve survival.”>* In patients who
are ineligible for hepatic debulking, liver transplantation may
offer the potential for curative resection and appears to improve
survival.®>° Eligibility for transplantation is determined by
the Milan-NET criteria,”® but the potential benefits of this
extensive procedure must be weighed against the national
shortage of grafts.”” Finally, cholecystectomy should be per-
formed at the time of surgery for metastatic small bowel NETs
because of the high incidence of gallstones in patients who
receive somatostatin analogs.”

Liver-directed therapy

In addition to surgical debulking, less invasive methods, such
as hepaticartery embolization and percutaneousliver ablation,
can be used to treat small bowel NET liver metastases. Em-
bolization involves the injection of particles into the hepatic
artery or its branches to occlude blood flow to the liver

Copyright © 2018 by American Society of Clinical Oncology

metastases, which are supplied primarily by the hepatic ar-
teries.”” It can be performed with inert particles (bland), beads
along with a chemotherapeutic agent (chemoembolization), or
°°Y-conjugated beads (radioembolization). To date, no single
therapy has shown clear superiority.””®” Symptomatic re-
sponse rates to hepatic artery embolization range from 39% to
95%.°7 Percutaneous liver ablation involves the insertion of a
microwave or radiofrequency probe into hepatic metastases
under image guidance and subsequent heating of the lesions to
induce necrosis. High-quality evidence to support the use of
percutaneous ablation is lacking. Although reported com-
plication rates are low and symptomatic response rates are
favorable, many series pool the results from operative and
percutaneous ablative procedures, which makes interpretation
difficult.*® For patients with liver-dominant disease who are
not surgical candidates, both hepatic artery embolization and
percutaneous ablation may be considered for disease

20,31
control.**>

Telotristat

Diarrhea and flushing associated with the carcinoid syndrome
can be debilitating, especially in patients with significant he-
patic disease. Telotristat ethyl is an inhibitor of tryptophan
hydroxylase that acts to reduce serotonin levels and has
emerged as a promising agent for control of refractory car-
cinoid syndrome diarrhea. The phase III TELESTAR and
TELECAST trials demonstrated that treatment with telotristat
ethyl was associated with significant reduction in both urinary
5-HIAA and bowel movement frequency in patients with
carcinoid syndrome.®’° Telotristat is now approved for the
treatment of carcinoid syndrome diarrhea inadequately
controlled by somatostatin analogs alone. It is critical to
differentiate diarrhea from the carcinoid syndrome from that
caused by reduced intestinal length after surgery or from bile
salt malabsorption. Diarrhea caused by pancreatic in-
sufficiency secondary to somatostatin analog use is often oily
and malodorous and should be treated with pancreatic en-
zyme replacement.”’

In conclusion, the diagnosis and treatment of small bowel
NETs is a multidisciplinary effort. As the incidence of these
tumors increases, so too does the importance of understanding
this rapidly evolving field. The presentation of small bowel
NETs is characterized by vague GI complaints, which often
leads to long delays from symptom onset to diagnosis. Once a
small bowel NET is suspected, every effort should be made to
confirm the diagnosis with a combination of biochemical
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Presentation

Incidental liver mass
Core needle biopsy

Diagnosis

Consider ®*Ga-PET if no primary seen on CT, to
assess for residual disease if prior resection, or to
evaluate for metastatic disease if unclear by CT, if

®Ga-PET unavailable consider ""'In-SRS

Management

Stage IV NET

Stage |-l NET

Consider long-
acting SSA in
patients with

extensive nodal

involvement or
incomplete
resection

Small bowel Small bowel resection, lymphadenectomy,
resection and
lymphadenectomy,
consider prophylactic
cholecystectomy

liver replacement, and without significant
comorbidities or liver dysfunction

Surveillance

Progression

Consider re-resection for local
recurrence
Proceed to management (stage IV NET)
for distant recurrence
or clinical trial

Small bowel mass with obstruction/pain/bleeding
Surgical resection before
diagnosis

Stain for NET markers: chromogranin, synaptophysin
Determine grade: Ki-67 index, mitotic rate
Assign primary site: CDX2 (small bowel), PAX6/PAX8 or Islet 1 (pancreas), TTF-1 (lung)

Contrast enhanced CT
chest/abdomen/pelvis
for staging

Long acting SSA (octreotide LAR or lanreotide)

prophylactic cholecystectomy, debulking of hepatic
and peritoneal metastases in patients with < 50%

A
Radiographic and biochemical surveillance every 6 months, may extend to
yearly if disease stable for several years

First line: SSA dose escalation or PRRT

Second line: everolimus, IFN-o, cytotoxic chemotherapy
(CAPTEM, DTIC, STZ-based, OX-based, IRI-based),

Symptoms suggestive of carcinoid syndrome:
diarrhea, flushing, bronchospasm

Measure serum NET markers: chromogranin A,
pancreastatin, neurokinin A, serotonin; urinary 5-HIAA

Contrast enhanced MRI to assess liver
tumor burden and feasibility of hepatic
cytoreductive surgery

Screening echocardiogram in patients
with elevated 5-HIAA, serotonin, BNP, or
symptoms of heart failure

Valve replacement for patients
with symptomatic, severe
carcinoid heart disease

For inadequate control of NEC

carcinoid symptoms, consider SSA
dose escalation, rescue
subcutaneous octreotide,
octreotide pump or telotristat

Consider PRRT or
hepatic embolization
+ primary resection

Cisplatin or carboplatin +
etoposide, surgery only
considered in highly
selected localized disease

e R
Continue current SSA regimen for Radiographic and biochemical
stable disease surveillance every 2-6 months

For liver dominant disease,
consider hepatic artery
embolization, percutaneous
ablation, or repeat surgical
cytoreduction

Second line: consider
TMZ-, IRI- or OX-based
chemotherapy

Fig 3. An algorithmic approach to the diagnosis and treatment of small bowel neuroendocrine tumors (NETs). BNP, brain natriuretic peptide; CAPTEM,
capecitabine and temozolomide; CT, computed tomography; DTIC, dacarbazine; Ga-PET, gallium positron emission tomography; IFN, interferon; In-SRS, indium
somatostatin receptor scintigraphy; IR|, irinotecan; LAR, long-acting repeatable; NEC, neuroendocrine carcinoma; OX, oxaliplatin; PRRT, peptide receptor
radionuclide therapy; SSA, somatostatin analog; STZ, streptozocin; TMZ, temozolomide.

testing, anatomic and functional imaging, and tissue biopsy.
Thorough pathologic examination performed by a pathologist
familiar with NET's will help guide clinical decision makingand
prognostication. The provided algorithm describes our ap-
proach to the diagnosis and treatment of small bowel NETs
(Fig 3). In brief, patients with localized disease are treated with
surgery and then undergo radiographic and biochemical
surveillance every 6 to 12 months for at least 10 years. Patients
with metastatic disease are uniformly treated with somato-
statin analogs and are considered for primary tumor resection
and cytoreductive surgery. Cytoreductive surgery is offered
to roughly 75% of those evaluated by surgical oncology at our
institution. After surgery, patients are maintained on so-
matostatin analog treatment, and the disease is sur-
veilled every 6 months. Increasingly, PRRT is the therapy of
choice for progression during somatostatin analog treat-
ment. Other options for the treatment of progressive disease
include somatostatin analog dose escalation, chemother-
apy, targeted therapy, and hepatic artery embolization or
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percutaneous ablation for liver-dominant disease. It is im-
perative that physicians who care for these patients maintain
familiarity with the ever-expanding armamentarium avail-
able for the treatment of small bowel NETs to provide
optimal care.
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