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SYNOPSIS

Neuroendocrine tumors (NETS) are a diverse group of neoplasms that can arise in a variety of
locations throughout the body and often metastasize early. A patient’s only chance for cure is
surgical removal of the primary tumor and all associated metastases, although even when surgical
cure is unlikely, patients can benefit from surgical debulking of their disease. A thorough
preoperative workup will often require multiple clinical tests and imaging studies to locate the
primary tumor, delineate the extent of the disease, and assess tumor functionality. This review will
discuss the biomarkers important for the diagnosis of these unique tumors and the imaging
modalities that are most helpful for surgical planning.
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INTRODUCTION

There has been a marked increase in the incidence of NETSs over the past several decades,
from approximately 1 case per 100,000 in 1973 to 5 cases per 100,000 in 2004.1 The reasons
for this increase are unclear and could be due to increased environmental exposures, a
greater understanding and awareness of these tumors, and the parallel, marked increased use
of anatomic imaging studies over this period. Regardless of the cause, these tumors have
gone from rare to commonplace, and clinicians need tools to help differentiate NETs from
other neoplasms. Furthermore, 30% of patients with small bowel (SBNETS) and 64% of
pancreatic NETs (PNETS) present with metastatic disease, and determining the primary
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NET site of origin is critical for guiding future surgical and medical therapy. This review
will describe the different modalities commonly used in the diagnosis and follow-up of
gatroenteropancreatic (GEP) NETS, including biochemical markers, gene expression tests,
radiologic and nuclear medicine imaging.

BIOCHEMICAL MARKERS FOR GEP NETs

Approximately 50 years ago, Pearse proposed that all peptide-producing cells of the gut,
pancreas, and to a lesser extent, the anterior pituitary gland, belonged to a larger system that
shared similar chemical, ultrastructural, and functional characteristics.? This was called the
diffuse neuroendocrine cell system and Pearse held that all of these cells were of neural crest
origin. GEP NETSs were postulated to derive from a common endocrine progenitor termed
amine precursor uptake and decarboxylation (APUD) cell. Neoplasms arising from this
system are defined as epithelial neoplasms with predominant neuroendocrine
differentiation.3 One property shared by these cells and their respective tumors is staining
with neuroendocrine immunohistochemical (IHC) markers chromogranin A (CgA) and
synaptophysin.# Another is that approximately 80% of neuroendocrine tumors express the
somatostatin subtype 2 receptors (SSTR2),%8 allowing for the use of synthetic somatostatin
(congeners) in the diagnosis and management of these neuroendocrine tumors.>=9 It has
been suggested that the long latency period of NETs (up to 9 years for midgut carcinoids)0
may be related to the inhibitory and anti-proliferative action of native somatostatin and its
congeners via membrane receptor coupling.>7:8:11

NETs may occur throughout the body, including the lung (bronchial carcinoids), thyroid
(medullary thyroid cancer), adrenal gland (pheochromocytoma), gastrointestinal (Gl) tract
(stomach, duodenum, jejunum and ileum, colon and rectum), pancreas, and the skin (Merkel
cell carcinoma). This is not surprising since the cells of the diffuse neuroendocrine system
have come to reside normally in these various organs and tissues. These tumors produce
amines and peptides that can be exploited for diagnosis and followed for response to therapy
(Table 1). These secreted substances may cause symptoms that give clues as to tumor
location and are ideal markers to be selected for biochemical testing.19 This review will
focus upon NETSs of the gastroenteropancreatic (GEP) system, which may be functional
(cause symptoms) or nonfunctional. The most frequently encountered GEP NETSs are of the
small bowel (SBNETS, or carcinoid tumors) and pancreas (PNETS), which account for
approximately 70-75% of all tumors of the diffuse neuroendocrine system in humans.

Gastrointestinal NETs

The derivation of the term “carcinoid” (carcinoma-like, karzinoide) is credited to
Oberndorfer, whose series of 6 cases published in 1907 identified what was thought to be a
form of benign neoplasia.1213 Carcinoid tumors of the small intestine account for
approximately 55% of all adult neuroendocrine tumors,10 and 28-44% of all malignant
tumors of the small bowel.14.15 Its incidence has increased 4-fold between 1973 and 2004
(from 2.1 to 9.3 cases per million), and it has transcended adenocarcinoma as the most
common cancer type of the small bowel in 2000.1> The neuroendocrine cell giving rise to
small bowel carcinoids of the jejunum and ileum is the Kulchitsky-enterochromaffin (EC)
cell, 18 which is a gut epithelial cell that contains secretory granules that store and release
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serotonin (5-hydroxytryptamine) and other peptides (such as CgA, synaptophysin, and
substance P).# They are actually derived from enterocyte stem cells, rather than from neural
crest cells, as first proposed by Pearse.1’

The majority of serotonin in the body (>90%) is produced in the Gl tract, which is
metabolized by monoamine oxidase (MAO) into its breakdown product 5-hydroxyindole
acetic acid (5-HIAA) in the liver and lung, and then excreted into the urine. When SBNETSs
are metastatic to the liver, serotonin may not be metabolized prior to its release into the
systemic circulation. Sustained serotonin elevation results in the carcinoid syndrome.
Serotonin is normally released by EC cells in response to pressure (food), certain nutrients,
and bacteria. It acts upon the neurons within the gut to stimulate peristalsis.18 Only 5-10%
of persons with carcinoid tumors will have carcinoid syndrome, and 76% of these patients
will have diarrhea, which may be secretory, hypermotile, malabsorptive, or obstructive.l1
Facial flushing may affect 80% of persons with carcinoid syndrome and is usually episodic.
It may be precipitated by catecholamine-driven emotion, excitability, exercise,
decongestants, and eating. This symptom is generally mediated by kallikrein, bradykinins,
substance P, histamines and other peptides, rather than serotonin. The episodic spikes of
serotonin levels are often associated with hypotension, which worsens the catecholamine-
driven serotonin release.1! Serotonin (and possibly the tachykinin, substance P) is associated
with severe bronchial wheezing, which occurs in about 20% of patients with carcinoid
syndrome. Cardiac fibrosis with right-sided valvular disease is seen in as many as 50% of
patients.11:19 The primary mediator is thought to be serotonin, but substance P may
contribute as well. Some patients may also develop pellagra, due to niacin depletion
resulting from tryptophan being shunted to serotonin synthesis rather than nicotinic acid.

LABORATORY TESTS AND BIOMARKERS FOR GASTROINTESTINAL NETs

In the past, the gold standard for the biochemical diagnosis of carcinoid tumors was the
measurement of the serotonin metabolite 5-HIAA in a 24-hour urine collection. This
remains a useful test, with elevation found in 88% of carcinoid patients2?, but can be falsely
elevated by a variety of tryptophan-rich foods (cheese, bananas, kiwis, walnuts, tomatoes,
pineapples, spinach, eggplant, avocados), wine, caffeine, and various medications
(acetaminophen, monoamine oxidase inhibitors, isoniazid, phenothiazines, iodine, 5-
fluorouracil). It is less commonly elevated in those with foregut tumors and hindgut
tumors.2! It has a high sensitivity (approaching 100%), but low specificity (35%).22
Limitations of the test are its inconvenience for the patient and that it may be negative in
those with low volume disease (such as a patient with a small bowel primary without nodal
or liver metastases). Plasma assays for 5-HIAA are now available, and may become another
useful tool in the management of these patients.23

The majority of serotonin in the blood is stored within platelets, and measurement of whole
blood serotonin has been improved by performing liquid chromatography from platelet-rich
plasma®8. The plasma serotonin assay is now considered very reliable for the diagnosis of
carcinoids when performed by CLIA-licensed and College of American Pathology (CAP)-
approved commercial laboratories in the United States. This test a positive predictive value
of 89% and negative predictive value of 93% of patients with midgut carcinoids, but is less
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accurate in those with foregut and hindgut carcinoids.2! It may not correlate as well with the
tumor burden as other laboratory assays (e.g. chromogranin, pancreastatin) because platelets
become saturated at high levels of serotonin. Excess serotonin remains unbound and
continues to circulate in the blood.2* This assay can also be falsely elevated in patients
taking lithium, MAO inhibitors, morphine, methyldopa, and reserpine.2>

Chromogranin A is a 457 amino acid peptide that is widely distributed in endocrine and
neuroendocrine tissues, is present in normal islet cells, and co-secreted from EC cells with
serotonin. Its normal function is to promote formation of secretory granules and it serves as
the precursor protein for several negative regulators of neuroendocrine cells (pancreastatin,
vasostatin, catestatin). Serum CgA levels are considered one of the most useful markers for
diagnosis and surveillance of patients with gastrointestinal (GI) NETS, including hindgut
and foregut tumors, where 5-HIAA and serotonin levels are often within normal limits.28
The sensitivity depends on the specific assay used, but ranges from 67-93%, and the
specificity from 85-96%.27 Levels of CgA may also be useful for determining prognosis, as
patients with CgA >200 U/L have a lower median survival than those <200 U/L (2.1 vs. 7
years, respectively).28 Chromogranin A is also a useful marker for determining the efficacy
of debulking procedures, disease recurrence, and progression.29-30 Unlike serotonin, CgA
levels maintain a good relationship with overall tumor burden, even when circulating levels
are high. Chromogranin A levels are increased by somatostatin analogues, use of proton
pump inhibitors (but not H2 blockers), atrophic gastritis/pernicious anemia, and renal
insufficiency.3!

Pancreastatin is a 52 amino acid derivative of CgA. Its primary function is to decrease
cellular glucose uptake.32 It is a useful marker for diagnosis, the effect of debulking, and for
tumor progression.33 It is elevated in as many as 80% of patients with Gl NETs.34 In
contrast to the CgA assay, it is not affected by PPI or somatostatin analogue use. The
pancreastatin assay does not cross-react with CgA.3° Pancreastatin is a useful marker for Gl
NET prognostication.34:36 and more accurately predicted patient outcome in SBNET and
PNET patients than did serial measurements of CgA, serotonin, and neurokinin A (NKA) in
one recent study.3 Patients with SBNETSs and preoperative elevation of pancreastatin had a
median progression free survival (PFS) of 1.7 years versus 6.5 years when this was normal.
If pancreastatin normalized after surgery, PFS improved to 4.2 years (compared to 1.6 years
if this remained high postoperatively).

Neurokinin A is a tachykinin and bronchoconstrictor that represents an alternatively spliced
isoform of substance P. One study examining 73 patients with midgut NETs (80% with
metastases) found elevated levels in 70% and that levels appeared to correlate with
metastatic tumor burden. Unfortunately, only a minority of patients had both pre and
postoperative levels drawn.38 Diebold et al. demonstrated that in patients with metastatic
midgut NETs (40% with liver metastases), serum NKA levels of <50 pg/ml correlated with
improved 2 year survival (93% versus 49%) compared to those with more elevated levels.
They suggested that when NKA levels normalized after surgery, patient outcomes improved,
but survival statistics were not given.3? Sherman et al. did not find a correlation between
preoperative NKA levels and PFS or OS in 52 midgut patients treated with surgery,3’ and
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thus more data is needed to determine the prognostic value of NKA in midgut carcinoid
patients.

CURRENT RECOMMENDATIONS FOR BIOCHEMICAL TESTING IN
GASTROINTESTINAL NETS

The National Comprehensive Cancer Network (NCCN) guidelines for GI NETs suggest
testing for CgA and collecting a 24 hour urine for 5-HIAA, but do not give specific
recommendations for follow up.#%. The European Neuroendocrine Tumor Society (ENETS)
also recommends that the minimal testing performed for GI NETSs should include serum
CgA and urine 5-HIAA. They also recommend using these assays in follow up for tumor
recurrence and progression. They further suggest that serotonin assays are insensitive and
not recommended for either diagnosis or follow up, but state this biomarker’s utility may be
improved using the platelet-based assays. They do not comment on pancreastatin and NKA
(they suggest that further validation is warranted for newer markers), but do comment that
neuron specific enolase should not be used.*! The North American Neuroendocrine Tumor
Society (NANETS) again only mentions serum CgA and urinary 5-HIAA levels as
potentially valuable for measuring response to therapy or progression. They suggest that 5-
HIAA may be less useful in foregut (including PNETS) and hindgut NETS, as these tumors
tend to not make high levels of serotonin.*? In patients with midgut and other GI NETS, it is
our practice to measure to serum serotonin, CgA, pancreastatin, and less commonly NKA,
preoperatively and at each follow up visit.10:33 These biomarkers are readily available and
measureable by many CLIA-certified, ACP-sanctioned laboratories in the United States.
Ideally, serial measurements should be from the same laboratory, recognizing that standards
and quality control vary.

Pancreatic Neuroendocrine Tumors

Pancreatic neurodendocrine tumors, previously known as islet cell tumors, account for about
1-2% of all pancreatic neoplasms and for about 6% of all NETs.143 Their incidence has
increased from 1.4 cases per million in 1973 to 3.0 in 2004.44 According to the National
Cancer Database (NCBD), 85% were classified as nonfunctional, meaning there is no
clinical syndrome associated with hormone excess. Because hormone levels are not
collected in the database, and tumors classified as pathologically benign (like many
insulinomas) are also not included, numbers derived from the NCDB may be
overestimated.*> However, other recent studies suggest that PNETSs are nonfunctional in 68—
90% of cases.*

Human adult islet cells produce the hormones insulin, glucagon, somatostatin, vasoactive
intestinal peptide (VIP), pancreatic polypeptide (PP), and serotonin; fetal islet cells can
produce gastrin. Pancreatic NETs may secrete any of these hormones, and in addition, rare
tumors may secrete adrenocorticotropic hormone (ACTH), Parathyroid hormone-related
peptide (PTH-rP), calcitonin, and growth hormone releasing factor (GHRH).4¢ About 5% of
patients with PNETS have an inherited predisposition, which includes members of multiple
endocrine neoplasia type | (MEN1), von Hippel-Lindau (VHL), tuberous sclerosis (TS) and
neurofibromatosis type | (NF1) families.#” Features of each of these more common PNET
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subtypes and how their biochemical diagnoses are made are covered in the sections that
follow.

Gastrinomas—Gastrinomas, which cause the Zollinger-Ellison Syndrome (ZES),
comprise about 15% of all functional PNETSs,*® and are the most common PNET associated
with MEN1. Approximately 90% of gastrinomas are found in the gastrinoma triangle, an
area bordered by the confluence of the cystic and common duct superiorly, the pancreatic
neck/body junction medially, and the second and third portions of the duodenum laterally.*8
In patients with sporadic ZES, 50-88% of gastrinomas are duodenal in origin versus 70—
100% of those in MEN1 patients. Approximately 22—-35% of patients with pancreatic
gastrinomas will have liver metastases. The mean size of these tumors is 3.8 cm.*

The predominant functional abnormality seen is inappropriately high circulating gastrin
causing irreversible hyperchlorhydria (gastric acid overproduction) with subsequent typical
or atypical ulcer formation, hemorrhage, and excess acid-induced malabsorptive diarrhea.
The hallmarks of a gastrinoma are very elevated gastrin levels as well as gastric acid
hypersecretion. Over 98% of gastrinoma patients have elevation of fasting gastrin, but this
alone is nondiagnostic. The finding of hyperchlohyrdria and basal gastric acid output greater
than 15 mEq/hr will help to confirm the diagnosis,*® and a gastric pH of less than 2 is also
helpful.10:50 |n the past, secretin infusion resulting in a paradoxical rise of gastrin was a
useful way to make the diagnosis of marked hypergastrinemia,®! but is performed less
commonly due to limited availability of this secretogogue.

There are other conditions associated with high levels of gastrin. These include atrophic
gastritis/pernicious anemia, gastric outlet syndrome, retained gastric antrum, H. pylori
infection, short bowel syndrome, and diabetic gastroparesis.*® Proton pump inhibitors will
also cause significantly elevated gastrin through their significant suppression of gastric acid,
with subsequent sustained hypergastrinemia and stimulation of CgA from gastric
enterochromaffin-like (ECL) cells. Over time, ECL cell nodular hyperplasia can develop
with secondary formation of small neuroendocrine tumors (usually less than 1 cm in size).
Enterochromaffin cells in the stomach can also be stimulated by high gastrin and result in
CgA elevation along with modest levels of serotonin.10 In MEN1 patients with ZES,
hypercalcemia can increase gastrin levels and basal acid secretion. Parathyroidectomy can
significantly improve this situation.52

Insulinoma—Insulinomas are the most common functional PNET, accounting for
approximately 17% of cases.10:46 Patients are usually symptomatic with episodic
hypoglycemia, although some patients can live for years with subclinical disease and have
no overt symptoms, or will compensate for hypoglycemia with sugar ingestion. Up to 60%
of all insulinomas are found in women, and the average age at diagnosis is 45 years.11 About
10% are associated with MEN1, and are second to gastrinomas in terms of MEN1-
associated PNET frequency. Most are benign adenomas, but malignant insulinomas occur in
approximately 10% of patients.

The demonstration of Whipple’s triad, 1) symptoms of hypoglycemia after fasting, 2) low
glucose when symptomatic, and 3) relief of symptoms with ingestion of glucose or food, is
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strongly suggestive of an insulinoma. Major symptoms may include headache, blurry vision,
seizures, confusion, and even coma. Other commonly observed symptoms are due to
peripheral catecholamine release, and include tremor, diaphoresis, and tachycardia.
Approximately 98% of insulinoma patients will demonstrate inappropriate insulin secretion
with symptomatic hypoglycemia within 72 hours, and therefore a supervised fast within a
hospital setting has been recommended as the gold standard for diagnosis.1%°3 Blood sugars
should be measured every 4 hours until symptoms occur or blood glucose drops below 50
mg/dl, and then serum insulin, C-peptide, and glucose levels are drawn. A measurably low
blood glucose, symptoms, and inappropriate elevation of insulin (usually greater than 6
uU/ml) or an insulin to glucose ratio of 0.3 or greater is highly suspicious for insulinoma.
When proinsulin is cleaved by signal peptidase, C-peptide and insulin are formed, which are
present in equal amounts in beta cells. If a patient has been administered exogenous insulin,
C-peptide levels will be low, while these levels will be elevated (>200 pmol/L) in
insulinoma.1® Some patients with PNETs and hypoglycemia may have elevated levels of
proinsulin rather than insulin.>* For follow up of metastatic insulinoma, serial measurement
of CgA and pancreastatin can be useful for assessing the extent of metastatic disease.1®

VIPomas—Vasoactive intestinal polypeptide (VIP) secreting PNETs (VIPomas) were
independently described by Priest and Alexander, and Verner and Morrison.5%:56 Initially
termed “pancreatic cholera,” and later, watery diarrhea, hypokalemia, achlorhydria (most
often hypochlohydria) syndrome (WDHA), it is now known as watery diarrhea syndrome
(WDS). VIP is a neuromodulator (not a hormone in the classical sense) which, in high
sustained blood levels, acts as a powerful intestinal secretogogue, resulting in hypokalemia,
metabolic acidosis, stool bicarbonate loss, and high volume alkalotic stool.11:57:58 \/|Pomas
are an uncommon functional PNET, accounting for 1-2% of all functional PNETs,46:59
They can be seen in MENL1 patients even when other family members may have had
gastrinomas or insulinomas.

The diagnosis of VIPoma is suspected in the setting of elevated plasma VIP and severe
(often life threatening) watery diarrhea (usually greater than 1250 ccs/day) and profound
hypokalemia. Initially, the severe diarrhea may be episodic (tumors may be
nonautonomous). Flushing is seen in 20% of patients with WDS, also thought to be a direct
action of VIP. Hypochlorhydria, not achlorhydria, is the seen in 80% of VIPoma/WDS
patients.>® Both functional and nonfunctional biomarkers from certified commercial labs
should be measured, to include VIP and PP.6%:61 |n the setting of metastasis, CgA and
pancreastatin may be helpful to follow for progression and response to therapy. While the
majority of VIPomas in adults arise from the pancreas, there are other nonpancreatic sources
of VIP-secreting NETS, including pheochromocytoma, neuroblastoma, ganglioneuroma,
bronchogenic carcinoma, and medullary thyroid carcinoma.10:60

Glucagonoma—Glucagonoma is a very rare functional tumor, accounting for 1% or less
of all PNETSs. The clinical manifestations of glucagonoma are very high circulating
glucagon levels and a classic necrolytic migratory erythema skin rash, usually on the
anterior lower extremity or perianal genital regions. It has come to be known as the “4D
Syndrome” — dementia, diarrhea, deep vein thrombosis (DVT), and depression. Other
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clinical stigmata include a painful glossitis, weight loss (90%), mild type Il diabetes mellitus
(DM; 80%), low amino acid concentrations, and DVT (50%). The high circulating glucagon
levels do not seem to be the cause of the dermopathy.10:57:61 Most glucagonomas are large
at diagnosis, although they do not often present with classic symptoms. They are more often
found in the pancreatic tail and have a very high rate of metastasis at the time of diagnosis.
Like many of the functional PNETS, glucagonomas may also be seen in MEN1 patients.

The clinical diagnosis can be made by the finding of significant elevation of glucagon levels
(>500 pg/ml), in the setting of symptoms listed above. Normal fasting levels are generally
<150 pg/ml, and several conditions may cause mild elevations of glucagon (DM, acute burns
and trauma, cirrhosis, renal failure, Cushing’s syndrome, and bacteremia). Pancreatic
polypeptide and insulin levels may also be elevated in association with glucagonoma. As
with other metastatic PNETS, serial CgA and pancreastatin levels may be helpful to monitor
for progression.10

Somatostatinoma—Somatostatinomas are very rare tumors, accounting for <1% of
PNETs.#6 While most functional somatostatinomas are of PNET origin (60% of cases),
duodenal, ampullary, and less commonly, jejunal somatostatinomas are also recognized. In
PNET somatostatinomas, the excess native somatostatin causes hyperglycemia (75% present
with DM type I1), atony of the gallbladder (59% have gallbladder disease), hypochlorhydria
and reduced gastric acid (>80%), steatorrhea and diarrhea (very common, from inhibition of
prandial pancreatic enzyme release, bicarbonate, and reduced absorption of fats), and weight
loss (possibly due to diarrhea and malabsorption, seen in about 33% of patients).
Somatostatinomas are large, which may lead to destruction or loss of islet cells with reduced
insulin production. Approximately 80% present with metastatic disease.19 The diagnosis is
commonly made in retrospect, by IHC of the tumor, but if there is clinical suspicion,
somatostatin levels should be measured. Patients with small cell and bronchogenic
carcinomas of the lung have been described with elevated somatostatin levels, as well as up
to 25% of patients with pheochromocytoma. Pancreatic polypeptide, CgA, and pancreastatin
should also be followed, the latter two for monitoring progression.10

PPoma and nonfunctional tumors—PPomas are a group of nonfunctioning PNETs
that comprise about 50% of all PNETSs encountered. While PPomas are not recognized as
functional PNETS, diarrhea has been associated with very high levels of PP.11 One recent
report suggested an association of PPomas with DM, as 5 patients with DM and PPoma had
improvement or resolution after resection.2 For the most part, the coassociation of elevated
PP in PNETs making other hormones has maintained its value in the diagnosis and follow
up of patients with both functional and nonfunctional PNETs.19:60.61 Therefore, PP is a good
marker to test in all cases of suspected PNETS, in addition to the hormones suggested by a
clinical syndrome, if present. Measurement of CgA and pancreastatin are also useful
monitoring the effects of therapy and for progression.

The vast majority of nonfunctional PNETS are diagnosed as a result of nonspecific
abdominal pain or symptoms of obstruction of the pancreatic or bile duct. Because of this,
nonfunctional PNETS tend to be larger when detected (5.9 cm), they have a higher rate of
metastases (60%), and poorer prognosis (5 year survival of 33%) 44
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CURRENT RECOMMENDATIONS FOR BIOCHEMICAL TESTING IN PNETS

The NCNN recommends checking PP, CgA, calcitonin, PTH-rP, and GHRH for generic
PNETSs. If the patient has a recognizable syndrome they recommend checking specific
hormone levels. When insulinoma is suspected, then insulin, proinsulin, and C-peptide
should be checked, and consideration should be given to a 72 hour fast. Serum VIP levels
should be checked if one suspects VIPoma, serum glucagon for those with glucagonoma
symptoms, and basal or stimulated gastrin for suspected gastrinoma patients.*0 ENETs
suggests checking CgA in cases of nonfunctional PNETS, with PP being more uncertain,
except in MEN1 patients. Further tests are indicated if the patient demonstrates symptoms.&3
The recommendations from NANETS are similar, although given in more detail for
functional tumors. For nonfunctional tumors, they recommend CgA and PP.52

BIOMOLECULAR DIAGNOSTICS IN NETs

WREN Assay

Modlin et al. set out to identify a genetic signature for NETSs that could be tested from
peripheral blood samples that might be useful for diagnosis, assessment of tumor burden,
and response to therapy.54 They retrieved data from tissue-based microarrays from normal
tissues, and from 9 primary GEP NETs and 6 GEP NET metastases. They identified a group
of genes that showed elevated expression in GEP NETS, and then tested these genes in
peripheral blood samples as a training set (67 normal samples, 63 GEP NETS). The
validation set included 92 normal samples and 143 GEP NETSs. They selected 75 genes for
further study by qPCR (21 from tissue-based results, 32 from blood-based, and 22 from the
literature), which was then further reduced to a 51 gene panel. In PNETS, 79% of samples
were accurately identified using the PCR test, as were 88% of GI NETS; the sensitivity was
90% and specificity was 94% for GI NETSs, and 80% and 94%, respectively, for PNETS. In
comparison to serum CgA levels from 81 GEP NET patients and 95 controls, the PCR-based
test outperformed the biomarker (CgA sensitivity 32%, accuracy 60%), even in patients
where CgA was low. The authors concluded that their panel could identify GEP NETSs
regardless of primary tumor site or metastasis, which could be useful for screening and
potentially response to therapy. This group is actively recruiting patients to determine how
well it might perform under these circumstances.

Biotheranostics Test

A 92-gene molecular assay (CancerTYPE ID, bioTheranostics, Inc.) was developed for
determining the site of unknown primary tumors using gPCR from paraffin-embedded
biopsy specimens. In a trial examining 790 tumors comprising 28 different tumor types and
50 subtypes, it was found to have an 87% sensitivity, >98% specificity, and a positive
predictive value of 61-100%.55 This test was later applied specifically to 75 NETs (12 Gl,
22 pulmonary, 10 pancreas, 10 pheochromocytoma, 11 medullary thyroid carcinoma, and 10
Merkel cell carcinomas), of which 59% were metastases and 41% were primary tumors.
This panel correctly classified the tumors as a NET in 74/75 cases. The 4 genes that were
most important for making this distinction were ELAVL4, CADPS RGSL7, and KCNJ11.
Fifteen additional genes were used for further subtyping of NETs, which was accurate in
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71/75 (95%) of cases.®8 One shortcoming of this study is the inability of this test to
determine the GI NET subtype—the test does not identify the site of the primary tumor
(small bowel versus duodenal versus rectal), only that the tumor is a GI NET. Still, the test
performed well overall, and shows promise in differentiation of lung, pancreatic, and Gl
NET primaries from tissue samples of metastases, allowing for more tailored therapy for
patients.

Gene Expression Classifiers and IHC to Differentiate SBNETs from PNETs

Sherman et al. evaluated the expression of a panel of genes by gPCR in primary tumors and
metastases from 61 patients with SBNETs and 25 with PNETS. They were able to refine this
panel down to 4 genes in the G-protein coupled receptor pathway (BRS3, OPRK1, OXTR,
and SCTR), and in 136 metastases accurately predicted the origin from SBNETSs in 94/97
cases (97%) and 34/39 PNETS (87%). The algorithm made primary predictions in 122 cases
using qPCR of just BRS3 and OPKR1, though when one of the genes had undetectable
expression (14 cases), the results for OXTR and/or SCTR were used to come up with a
prediction.6” Maxwell et al. compared the results of this gene expression classifier (GEC) to
an IHC algorithm that employed CDX2, PAX6, and Isletl in first tier staining, followed by
IHC for PR, PDX1, NESP55, and PrAP if the first step stains were equivocal. The IHC
algorithm was correct in determining the site of origin in 23/27 (85%) of SBNET
metastases, and 10/10 (100%) PNET metastases. Comparison of these results revealed
improved performance of the GEC for determining SBNET primaries and of IHC for PNET
primaries. Although the overall accuracy was 94% for the GEC and 89% for IHC, they
concluded that this IHC algorithm should be used first because of its widespread
availability, and that GEC be reserved for cases of indeterminate IHC results.58 The ability
to differentiate SBNET from PNET primaries from a biopsy of a metastatic liver tumor
could aid in surgical exploration, and selection of therapy for these patients with metastatic
disease, such as Everolimus, Sunitinib, or chemotherapy in patients with PNETS.

IMAGING TESTS FOR DIAGNOSIS AND STAGING OF GEP NETs

Gastroenteropancreatic neuroendocrine tumors are rare, and typically indolent neoplasms
that metastasize early. Surgical resection of the primary tumor, regional nodal disease and
distant metastases is the best chance for cure, symptomatic relief, and/or long-term
survival.8970 Thus, it is recommended that patients with GEP NETSs of any stage be
considered for surgery, especially when the primary tumor can be excised and 70-90% of
their metastatic burden can be debulked.”0-72

Preoperative imaging is crucial in determining resectability, and the ideal study will identify
the primary tumor, define its relationship to surrounding organs and vessels, and detect
distant metastases.”® Conventional imaging modalities such as computed tomography (CT),
magnetic resonance imaging (MRI), ultrasound (US), or endoscopy are generally employed
to define anatomic relationships, whereas somatostatin receptor imaging and positron
emission scanning (PET) are used to determine functionality and scan for distant disease.
Each of these modalities will be reviewed and their role in the preoperative workup of GEP
NETS discussed.
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Computed tomography

A CT scan is usually the first study ordered in the evaluation of a suspected GEP NET.
Whether the primary resides within the pancreas, small bowel, colon or rectum, a multiphase
study should be obtained with both intravenous (V) contrast, as these tumors and their
metastases are most often hypervascular and are usually identified in the early arterial phase
of a triple phase scan (Figure 1).747° The later portal venous or delayed phases may detect
hypovascular GEP NETs. Diseased mesenteric lymph nodes often develop calcifications,
which can help identify them on CT.76 Oral contrast is also helpful, either with conventional
radiopaque enteral contrast, or more recently, using negative enteral contrast
(methylcellulose for CT enteroclysis, or simply water or polyethylene glycol) which may
help to highlight small bowel lesions better.””

Primary GEP NETSs are detected by CT approximately 73% of the time, though rates vary
widely (39-94%) depending on the study and subset of NETs examined.’® Study sensitivity
is affected by image acquisition protocols, tumor size, location, and contrast with
surrounding tissue.” SBNETS tend to be small and multifocal, and may be missed in
approximately 50% of scans.”® PNETSs are more easily detected, with reported rates of
approximately 70% for all PNETs and 80-100% when the primary is greater than 2 cm in
size.#3:80-82 | cases where the location of the primary tumor is unknown, detection rates are
much lower (approximately 35%)°C, though inability to detect the primary on imaging
should not preclude surgical exploration in the majority of patients, as a recent single-
institution study demonstrated that 90% of unknown lesions could be identified
intraoperatively.83 Detection rates for hepatic metastases and soft tissue metastases are
approximately 809.78.79.84

Magnetic resonance imaging

Ultrasound

MRI is superior to CT in detailing hepatic metastases and the pancreatic ductal system, and
is useful in patients with renal failure or an allergy to iodinated contrast (Figure 2).85-87 It is
often unnecessary in the workup of GEP NETS, however, as a CT scan is commonly
obtained and sufficient for surgical planning. This study should also be obtained with 1V
gadolinium contrast, and as with CT, most lesions enhance (are hyperintense) on arterial
phases.82 In a study comparing MRI, CT and OctreoScan, MRI detected hepatic metastases
with 95.2% sensitivity, compared to sensitivities of 78.5% for CT and 49.3% for
OctreoScan.86 We find MRI helpful when planning hepatic debulking, as it generally
defines lesions more clearly than CT and also detects hepatic lesions that CT frequently
misses. It is not as useful for examining the mesentery and small intestine.

The primary role of conventional US in the preoperative workup of GEP NETS is
assessment of hepatic tumor burden. Its sensitivity for detecting primary GEP NETS is only
36%.84 For hepatic metastases, its sensitivity (88%)84 is less than contrast-enhanced CT or
MRI, though the addition of microbubble contrast agents can improve this to nearly 100%.
These small gas bubbles oscillate up to hundreds of meters per second in the blood,
perfusing the tumors and enhancing their reflectivity.88 This is an alternative to standard
imaging in patients who cannot tolerate contrast.8% Ultrasound is the intraoperative tool of
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choice to localize hepatic metastases for ablation, or to examine the pancreas for small
tumors that were undetectable on CT or MRI.

Endoscopy is a useful study to localize primary foregut and hindgut GEP NETs and can be
used to obtain a tissue diagnosis. In some cases, small (< 1 cm) intraluminal tumors that do
not invade beyond the mucosa can be treated during this procedure with snare removal.”>%0
It is often combined with ultrasound (endoscopic ultrasound, EUS), which may aid in both
primary tumor detection and local staging. In PNETSs, EUS locates primaries with 93%
sensitivity and 95% specificity. For suspected duodenal NETS, it is less sensitive, with
detection rates of 45-60%.%1 In cases of where the location of the primary is unknown but
the small bowel is suspected, either double balloon enteroscopy (which may need to be done
from below and above) or video capsule endoscopy can be employed. Unfortunately, double
balloon enteroscopy has a detection rate of only 33% in this context, and capsule endoscopy
will uncover only 45% of small bowel primaries.92:93

Though it is rarely used as a stand-alone procedure, EUS may add useful information during
surgical planning. In a small series of 14 patients with PNETs, EUS was compared to CT to
determine whether EUS could be helpful for surgical decision making. In 36% of cases,
EUS altered the surgical plan by either identifying a solitary PNET or additional multifocal
PNETS that were missed by CT.94 EUS has the added benefit of being able to detect tumors
less than 2 cm in size, which may by missed by CT or MRI.91

18EDG positron emission scanning

18-fluoro-deoxy-glucose PET (FDG PET) is a functional imaging study that is used to detect
a variety of tumor types. It has limited utility for GEP NETSs, especially in the preoperative
setting, as most of these tumors are of low or intermediate grade and metabolically inactive,
and thus do not to take up 18FDG well.%5 High-grade GEP NETS tend to be metabolically
active and are most likely to have uptake on 18FDG-PET. In this context, uptake identifies
lesions likely to have more rapid progression.6:97 A recent study found shorter overall
survival (15 months) in GEP NET patients that had a maximum standardized uptake value
(SUVmax) of 4.5 or greater. Patients with tumors having lower uptake (i.e. SUVnax < 4.5)
had an overall survival of 120 months.%8

Somatostatin receptor imaging

Somatostatin is an endogenous peptide that inhibits cellular proliferation and secretion when
it binds to one of five types of somatostatin receptor (SSTR1 — SSTR5). These G-protein
coupled receptors are normally expressed by neuroendocrine cells in a wide variety of tissue
types including the brain, pituitary, pancreas, thyroid, spleen, adrenal glands, large and small
intestine, kidney, peripheral nervous system, immune cells and the vasculature.99-101
SSTR2 is the most highly expressed SSTR subtype on the majority of well differentiated
NETs, and is the primary receptor for somatostatin-based imaging and treatment.99.102

There are two types of somatostatin receptor-based imaging available. Both can be used in
the diagnosis and surveillance of GEP NET patients, and also to select candidates for
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peptide receptor radionuclide therapy (PRRT).193 Additionally, each uses analogues of
endogenous somatostatin to bind to SSTR, as the short half-life of the native peptide
precludes its use for this purpose.192 The most common type of somatostatin-based imaging
is a scintigraphic study called the OctreoScan (Mallinckrodt, St. Louis, MO), which uses the
radiotracer 111In-DPTA-D-Phe-1-octreotide, and binds mainly to SSTR2 but also to
SSTR5.101 Recently, a PET scan has been developed that uses the positron emitter 68Ga to
label a variety of somatostatin analogues, which then bind to a variety of SSTR subtypes.
The most common of these labeled analogues are 88Ga-DOTATOC, 88Ga-DOTANOC,

and %8Ga-DOTATATE. Each have slightly different affinities for the SSTR subtypes,
though this does not translate into variable clinical efficacy.87-104

The octreoscan is a nuclear medicine study that is available in a large number of centers
worldwide and is probably the most commonly used imaging study used in the diagnosis
and surveillance of NETSs. Patient preparation includes transition to short acting octreotide
four to six weeks prior to image acquisition to minimize the drug’s interference with the
imaging ligand, and voiding immediately prior to the study. In cases of suspected GEP
NETSs, it may be beneficial to have the patient use an over-the-counter laxative the night
prior to the study to minimize the accumulation of isotope in the lumen of the bowel.105 The
patient is then scanned four and 24 hours after IV injection of the analogue.101

In its basic form, ligand-receptor binding produces a dark spot on the full body planar image
(Figure 3).195 Since 1999, however, this scintigraphic image is usually fused with single
photon emission computed tomography (SPECT) and CT to increase its diagnostic accuracy
(Figure 4). The addition of SPECT allows for the scintigraphic image to be displayed as
tomographic slices, which minimizes the interference physiologic ligand uptake has on NET
detection. Fusion with CT increases the anatomic definition of the study.106-108 A study
comparing octreoscan-SPECT/CT to planar octreoscan showed that fusing the images
positively impacted patient care and altered management decisions in 15% of cases.109

Even when fused with SPECT/CT, the anatomic resolution of the octreoscan is insufficient
as the only study used for surgical planning. The primary purpose of this functional imaging
is to specifically identify tumors as NETSs based on their expression of SSTR2. It is also used
as an adjunct to CT or MRI to detect distant metastases and localize primary GEP NETS
when the primary tumor site is unknown. The Octreoscan’s sensitivity for detection of
hepatic metastases ranges from 49-919%.79:84.86.110.111 | comparison to $8Ga-DOTATOC,
Octreoscan is more likely to miss small lymph nodes and peritoneal metastases, as well as
bone metastases.112 In known primary tumors, Octreoscan has a sensitivity of 80% and
specificity of > 95%. The study’s ability to detect primary tumors seems to be related to
tumor size (<>2 cm), rather than just SSTR2 expression by the tumor.113 Its detection rate
for unknown primary tumors has been reported to be 24—399.84.114

Introduction of 68Ga-labeled radioligands to somatostatin receptor-based imaging have
enhanced the sensitivity and utility of this type of functional imaging study. The advantages
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of these radioligands (¥8Ga-DOTATOC, %8Ga-DOTANOC, and 68Ga-DOTATATE) over
the ligand used in the Octreoscan (111In-DPTA-D-Phe-1-octreotide) are the ease and lower
cost at which they can be synthesized, enhanced patient convenience (as the image is
acquired one hour post-contract injection), and ability to quantify lesion uptake of the
ligand. This modality better aids preoperative planning as it can resolve imaged structures to
within millimeters. The more precise spatial resolution is due to the fact that it measures the
radiation of two photons coincidentally. In comparison, SPECT can only achieve a 1 cm
limit of detection and measures the gamma radiation of only one photon directly.108 Similar
to octreoscan-SPECT/CT, 68Ga-PET images are fused with CT to further improve their
anatomic specificity (Figure 5).

One of the largest series (n = 109) comparing %8Ga-PET to conventional imaging found
that 88Ga-DOTANOC PET/CT had a sensitivity of 78.3% and specificity of 92.5% for
primary GEP-NETSs and 97.4% sensitivity and 100% specificity for metastases. In both
cases, this was a significant improvement compared to CT, MRI or US. Further, patient
management was altered for 19% of patients on the basis of the 8Ga-DOTANOC PET/CT
results. For 5.5% of patients, the primary tumor was detected by %8Ga-DOTANOC PET/CT
but missed by other imaging modalities, allowing them to undergo surgical resection. In
6.4% of patients, 58Ga-DOTANOC PET/CT demonstrated new resectable lesions, aiding
preoperative planning and potentially improving postoperative outcome. Unnecessary
surgery was avoided in 3.6% of patients with evidence of widespread disease on %8Ga-
DOTANOC PET/CT.115

Despite the excellent image quality and sensitivity of %8Ga-PET/CT, its expense and limited
availability make it unlikely to usurp contrast-enhanced CT as the most useful preoperative
imaging study. However, it is very helpful in cases where CT or MRI fail to locate the
primary tumor and often uncovers metastases missed by other modalities. In one

study, 8Ga-DOTANOC PET/CT found the primary site in 59% of patients with advanced
disease but an unknown primary. CT was only able to detect the primary site in 20%.116
Buchmann et al. compared $8Ga-DOTATOC to octreoscan-SPECT/CT and found that 58Ga-
DOTATOC detected more than 279 lesions in their group of 27 patients with histologically-
proven NETS, whereas octreoscan-SPECT/CT only detected 157. When the number of liver
metastases detected by each modality were compared, the concordance rate (lesions detected
by both modalities) was only 66%. In lymph node metastases, the concordance rate was
40.1%. In both cases, $8Ga-DOTATOC proved to be the superior somatostatin-based
imaging study to delineate the extent of patient disease.11’

Achieving good surgical outcomes requires prudent, meticulous planning. Imaging studies
are a crucial part of this process and are required to identify the primary tumor site and the
extent of metastatic disease, as well as determine the resectability of the disease. The most
practical initial study for GEP-NETS is a contrast-enhanced CT scan as it is fast, available at
most centers, and excellent in its anatomic detail. For patients that are unable to tolerate
iodinated contrast, MRI is a good alternative anatomic study. MRI is also very helpful
defining the extent of hepatic disease in patients selected to undergo hepatic debulking
procedures. If extra-abdominal metastases are suspected or require further

investigation, 8Ga-PET will likely provide the best supplemental information to the
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surgeon, though it will take time for this modality to gain FDA approval and dissemination
throughout the United States. Thus, in cases where 88Ga-PET is unavailable, the octreoscan
remains the most helpful NET-specific modality to identify tumors specifically as NETs and
to detect metastases. In PNETS, gastric and duodenal NETSs, EUS is an excellent adjunct to
CT and gives good information regarding primary tumor location, multiplicity, invasion and
likely lymph node involvement. It can also be used to obtain a tissue diagnosis. For Gl
NETSs, endoscopy should be used sparingly, given its moderate sensitivity for locating
primary tumors and inability to detect distant disease.

CONCLUSIONS

The increasing incidence of NETSs over the past decades, and specifically those of
gastroenteropancreatic origin, pose several challenges for the clinician. Since a high
percentage of patients present with distant disease, one of the difficulties has been in the
early identification of these tumors. Increasing recognition of the signs and symptoms
characteristic of the specific clinical syndromes associated with functional tumors will
promote screening using appropriate NET biochemical markers in the blood, and imaging
tests to define the locations of primary tumors. Conversely, the frequent incidental finding of
a suspicious lesion on anatomic imaging should lead to appropriate serum testing for
functional or nonfunctional NETS, as well as possibly somatostatin-based imaging tests. In
metastatic lesions, biopsy samples can now be used to identify the site of unknown primary
using qPCR-based tests, which may enhance their discovery and the selection of appropriate
surgical or medical therapy.
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Key Abbreviation
NET neuroendocrine tumors
PNET pancreas neuroendocrine tumors
SBNET small bowel neuroendocrine tumors
PP pancreatic polypeptide
CogA chromogranin A
GHRH growth hormone releasing hormone
PTHrP parathyroid hormone related peptide
APUD amine precursor uptake and decarboxylation
MAO monoamine oxidase
5-HIAA 5-hydroxy indole acetic acid
GEP gastroentericpancreatic
NKA neurokinase A
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NCCN National Comprehensive Cancer Network

ENETS European Neuroendocrine Tumor Society

NANETS North American Neuroendocrine Tumor Society

SSTR1-5 somatostatin receptor subtypes 1 to 5

NCDB National Cancer Database

ZES Zollinger Ellison Syndrome

VHL von Hippel Lindau

MEN-1 Multiple endocrine neoplasia type 1

NF-1 Neurofibromatosis type 1

TS tuberous sclerosis

WDHA watery diarrhea, hypokalemia, achlorhydria

WDS watery diarrhea syndrome

PRRT peptide receptor radionuclide therapy
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KEY POINTS

e Many NETS secrete substances that can cause symptoms, but also aid
biochemical diagnosis and localization of the primary tumor.

»  There are many foods and medications that can interfere with biomarker assays.

e Incases where a PNET is suspected, PP, CgA, calcitonin, PTH-rP, and GHRH
should be drawn during the patient’s initial visit.

» When a Gl NET is suspected, CgA and serotonin levels should be obtained.

e Molecular testing may be used to identify an unknown metastasis as a NET and
can be more accurate than traditional histologic procedures (IHC) in
differentiating between primary tumor sites.
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Figure 1. CT scan of a patient with a PNET and numerous hepatic metastases
(a) Early arterial phase demonstrating multiple hypervascular enhancing hepatic metastases.

Arrow indicates a large metastasis with a necrotic center. (b) Venous phase. In this later
phase, contrast has washed out of the hepatic metastases and only the necrotic core of the
metasasis indicated by the arrow in (a) can be seen as clear evidence of hepatic disease.
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Figure 2.
MRI demonstrating numerous enhancing hepatic metastases on a T2 weighted image.
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Figure 3. Planar octreoscan demonstrating a primary PNET (arrow)
Physiologic uptake is seen in the liver, spleen and bladder. (a) Image acquired at 4 h. (b)

Image acquired at 24 h.
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—
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Figure 4. Octreoscan fused with SPECT/CT
This axial image depicts the same PNET (arrow) as is seen in the planar images in Figure 3.

Physiologic uptake is seen in the spleen and kidneys.
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Figure 5.
68Ga-DOTATOC PET/CT of a patient with innumerable hepatic metastases (green arrow),

lymph node metastases (blue arrow) and a primary PNET (white arrow). Physiologic uptake
is seen in the spleen.

Surg Oncol Clin N Am. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Maxwell et al.

Page 29

Table 1
Biochemical tests used for GEP NETs
(Neuro) Peptide/Amine Tumor Value Interfered with by
. Elevated in 88% midguts, 30% Tryptophan-rich foods, caffeine, wine, several
Urine 5-HIAA GINETs foreguts, rare in hindguts medications (see text)
Serotonin GI NETs Elevated in 96% midgut, 43% Lithium, MAO inhibitors, morphine, methyldopa,
Some PNETSs foregut, 20% hindgut reserpine
80-90% midgut and foregut, most Somatostatin analogues, PPIs, renal insufficiency,
Chromogranin A GI NETs hindgut ) cirrhosis, CHF
PNETs Useful to follow debulking, K * 5
recurrence, progression May also be elevated in HCC and MTC
Elevated in 80% G| NETs : -
. GI NETs : Renal insufficiency
Pancreastatin Useful to follow debulking, o A
PNETs recurrence, progression Medications affecting insulin levels
Elevated in 21-70% of midgut
Neurokinin A GI NETs carcinoids Medications for hypertension, pain, and GI function
Indicates poor prognosis if elevated
Elevated in 98% PPIs; atrophic gastritis/pernicious anemia, diabetic
Gastrin Gastrinoma Should also have hyperchlorhydria, gastroparesis, gastric outlet obstruction, short bowel
high basal acid ouput syndrome, retained antrum, H. pylori infection
: - Elevated in 98% . A
Insulin Insulinoma Hypoglycemia with 72 h fast Exogenous recombinant insulin
. DM, acute burns and trauma, cirrhosis, renal failure,
Glucagon Glucagonoma Useful when syndrome is present Cushing’s syndrome, bacteremia
VIP VIPoma Useful when syndrome is present Recent radioisotope administration

Somatostatin

Somatastatinoma

Useful when syndrome is present

MTC, small cell lung cancer, pheochromocytoma

Pancreatic Polypeptide

PPoma

Good marker for nonfunctional
PNETSs and co-secreted with hormone
in many functional PNETs

Other PNETS, nesidioblastosis, PP cell hyperplasia,
renal dysfunction

*
HCC: hepatocellular carcinoma

7

MTC: medullary thyroid carcinoma
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