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Abstract: Neuroendocrine tumors (NET) of the pancreas are uncommon neoplasms that arise from
the pancreatic islet cells. The clinical presentation of specific tumors is characterized by unique signs and
symptoms related to the overproduction of any of a number of peptide hormone products. Functional NET
may cause significant manifestations when the primary tumor is small and even occult radiographically,
and the diagnosis is confirmed by directed biochemical testing for the hormone produced. Non-functional
pancreatic NET cause symptoms due to the effects of tumor progression locally, and may present at a
later stage with overall worse outcomes. Importantly, pancreatic NET occur as a component of a number
of hereditary endocrine cancer syndromes, and the diagnosis and optimal management in these patients
is associated with special considerations. Complete surgical resection is the optimal and only potentially
curative treatment, because NET in general has limited responsiveness to cytotoxic chemotherapy.
Functionally based medical therapies for NET include somatostatin analogs to control symptoms, and
administration of radiolabeled somatostatin analogs for targeted antitumor effects (peptide receptor
radionuclide therapy). Importantly, new therapies based on specific molecular targets have recently shown
efficacy in patients with metastatic well-differentiated NET not amenable to complete surgical resection.
These include an inhibitor of the mammalian target of rapamycin pathway termed everolimus, and
angiogenesis inhibitors such as sunitinib that target vascular endothelial growth factor receptor (VEGFR)
and other growth factor receptors. The development of new more effective therapeutic options based on the

further elucidation of critical pathways in the pathogenesis of NET is needed.
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Introduction/background

Neuroendocrine tumors (NET) of the pancreas are
infrequently occurring neoplasms that are associated
with unique and variable clinical features. NET cause
symptoms either related to the local progression of the
tumor mass, or from excess secretion of any of a number of
hormone products that can result in dramatic and unusual
constellations of symptoms and signs. These tumors can
be functional, but up to 60% are non-functional, and
there is some data that nonfunctional NET may have a
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poorer prognosis (1), likely because they are clinically
silent and therefore likely to be discovered late after the
development of symptoms from a large mass and more
frequent metastatic disease at diagnosis. Pancreatic NET
look very similar or identical histologically when compared
to carcinoid tumors of the gastrointestinal tract, but
differences in hormone products and overall biology, as well
as likely differences in the response to therapeutic agents
indicates that they should be considered and treated as
separate pathologic entities.
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Figure 1 Cancer of the pancreas: relative survival rates (%) by histologic subtype, Ages 20+, 12 SEER Areas, 1988-2001. Key, C. Ch 7:
cancer of the pancreas. In: Ries LAG, Young JL, Keel GE, ez 4/. (eds). SEER survival monograph: cancer survival among adults: U.S. SEER

program, 1988-2001, patient and tumor characteristics. National cancer institute, SEER program, NIH Pub. No. 07-6215, Bethesda, MD,

2007 (2).

Pancreatic NET are much more uncommon neoplasms
than the exocrine tumors that comprise the majority of
pancreatic cancers. They account for approximately 3-5%
of all pancreatic tumors with only about 1,000 new cases per
year in the United States. Importantly, foregut NE'T may be
associated with a number of hereditary cancer syndromes,
notably multiple endocrine neoplasia type 1 (duodenal and
pancreatic NET as well as bronchial and thymic carcinoids),
and von Hippel-Lindau syndrome (pancreatic NET).

Opverall, these cancers have a more favorable biologic
behavior in the majority of affected patients, when compared
with other more common primary pancreatic malignancies
such as adenocarcinoma and cystic pancreatic neoplasms
(Figure 1). Due to the relatively slow progression of NET
in most patients, complete surgical resection of pancreatic
endocrine tumors including targeting of all evident
metastatic disease with curative intent is the preferred initial
treatment whenever feasible and patients are an acceptable
operative risk. This fact allows treatments that have the
goal of reducing tumor burden or removing all grossly
evident disease (cytoreduction) to be a consideration even
in patients with metastatic disease at the time of diagnosis.
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The liver is the principal site for metastatic involvement
of NET of the pancreas, and reduction of tumor volume
can effectively control symptoms from functional
tumors in addition to desired oncologic control of tumor
progression. In addition to aggressive surgical resection
combined with extensive regional lymphadenectomies and
hepatic metastasectomy there are a number of innovative
technologies that may be employed for metastatic disease,
including radiofrequency ablation (RFA), transarterial
chemoembolization (TACE), and radioembolization with
Yttrium-90 microspheres. Unfortunately, pancreatic NET
in general respond relatively poorly to traditional cytotoxic
chemotherapy, and there have been no comprehensive
well-controlled studies demonstrating benefit of adjuvant
therapy after complete tumor resection. The current
data is either lacking or conflicting for a survival benefit
from systemic chemotherapy for pancreatic NET. For
this reason, chemotherapy is often not recommended for
patients with stable or slowly progressive metastatic disease
in the absence of symptoms. Somatostatin analogues have
been employed as medical therapy to alleviate symptoms
of hormone overproduction and for presumed anti-tumor
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Table 1 Cellular classifications of pancreatic neuroendocrine tumors (islet cell tumors)

Secreted peptide hormone(s)

Pancreatic NET

Clinical manifestation/syndrome

Islet Cell
Alpha (o) Glucagon Glucagonoma
Beta (B) Insulin Insulinoma
Delta (6) Somatostatin Somatostatinoma
A—D VIP, other
5-HT
ACTH
MSH
Interacinar cell
F Pancreatic polypeptide (PP) PPoma
EC 5-HT Carcinoid

Diabetes, dermatitis, NME

Fasting hypoglycemia, neuroglycopenia
Steatorrhea, cholelithiasis, mild diabetes
WDHA

Carcinoid
Cushing Syndrome
Hyperpigmentation

Non-functional or various syndromes
Carcinoid syndrome (facial flushing, secretory diarrhea,
wheezing, right-sided heart valve abnormalities)

VIP, Vasoactive intestinal peptide; 5-HT, serotonin; ACH, andrenocarticotropin; MSH, melanocyte stimulating hormone; WDHA,
watery diarrhea, hypokalemia, achlorhydria; EC, enterochromaffin; Modified from: national cancer institute at the national institutes
of health, pancreatic neuroendocrine tumors (islet cell tumors) Treatment (PDQ®); Health professional version, last modified:
06/29/2012, http://www.cancer.gov/cancertopics/pdg/treatment/isletcell/HealthProfessional.

growth properties (3). Radiolabeled somatostatin analogues
have been utilized for therapeutic targeting of endocrine
tumor cells with somatostatin type 2 receptors on the cell
surface, albeit with variable effectiveness. Newer targeted
molecular therapies are being evaluated in clinical trials
and everolimus (Afinitor, Novartis), a mammalian target
of rapamycin or mTOR inhibitor has been approved for
the treatment of patients with advanced unresectable
metastatic NET of the pancreas. The safety and efficacy of
this drug has not been established however for patients with
metastatic gastrointestinal carcinoid tumors. There is a need
for increased understanding of the molecular pathogenesis
of these tumors with the goal of developing more effective
systemic therapies aimed at specific molecular targets (4).

Epidemiology

While pancreatic cancer as a whole represents approximately
45,000 new cancer cases per year in the United States and
38,500 deaths, NET of the pancreas are only a small subset,
comprising between 500 and 1,000 of those cases. This
represents between 1-2% of all new pancreatic cancer cases
yearly (2). Pancreatic NET may present at any age of life,
but epidemiologic data suggests that they occur more in
older populations, peaking between the 6" and 7" decades
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of life (5,6). Population studies from both Europe and Asia
have quantified the incidence of pancreatic NET as less
than 1 per 100,000 population (5,7-12). This rare group
of tumors can present as a result of functionality or can go
unnoticed, if non-functional, until later stages or mass effect
present. This may explain the findings of post-mortem
studies with prevalence as high as 10% (13-15).

These tumors are often classified using several clinical and
biochemical criteria: functionality versus non-functionality,
specific predominant hormone production from tumor cells,
and sporadic tumors versus those occurring in association
with a hereditary syndrome. A general classification
according to predominant peptide hormone product
secreted and cell type is depicted in Table 1.

Functional tumors are classified by the predominant
hormone secreted that exerts its clinical effects. Insulinomas
are very rare with an estimated incidence of 0.4 per 100,000
people. The most complete data from the United States
has been reported by the experience at the Mayo Clinic.
Patients had a median age of 50 years (range, 17-86 years)
at time of first operation for insulinoma, with a slight
preponderance of women (57%) (16-18).

Gastrinomas result in autonomous hypergastrinemia
(Zollinger-Ellison syndrome) and there is limited reliable
statistical data regarding the true incidence of this rare
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Table 2 Nomenclature, incidence, location and malignancy of pancreatic NE'Ts

Name Hormone Cell type Incidence (M) Pancreas (%) Duodenum (%) Malignant (%)
Insulinoma Insulin B islet cells 1/1.25 >99 5-11
Gastrinoma Gastrin G cells 1/2.5 21-65 6-35 60
Glucagonoma Glucagon a cells <1/5 >99 >70
VIPoma VIP d cells <1/5 85-90 10-15 50
Somatostatinoma Somatostatin 3 cells <1/10 50 50 90
Nonfunctioning Neuron-specific enolase, PP F cells 1/5 >99 >50

Norton et al. Surgery: basic science and clinical evidence; 2000,919-953. Reproduced with permission.

Allecrance

Figure 2 Resection of gastrinoma from duodenal wall. (A) Surgeon-performed intraoperative ultrasonography of duodenal wall

demonstrating a small, circumscribed hypoechoic mass in submucosa representing a gastrinoma; (B) Appearance of serosal surface of

duodenum with small intramural tumor mass; (C) Resected gastrinoma bivalved to demonstrate gastrinoma.

neoplasm. It has been estimated that this syndrome
represents between 0.1% and 1% of patients with peptic
ulcer disease in the U.S. population (19). Diagnosis is most
common between the 3™ and 5" decades of life, with a male
predominance of approximately 2:1.

Somatostatinoma, VIPoma, and glucagonoma represent
the rarest of functional pancreatic NET, with an annual
incidence on the order of 1 in 10 million (7uble 2). As
with other functional pancreatic NET, the incidence
peaks between the 3™ and 5™ decades of life. Reports of
glucagonoma incidence, while very rare, suggest a fairly
even distribution among the sexes (20).

Clinical presentation

The clinical presentation of pancreatic NET is extremely
variable and depends on whether the tumors are functional,
or whether they are causing local compressive or invasive
symptoms. About 50-85% pancreatic NET are functional
and result in hypersecretion of any of a number of active
peptide hormones that cause specific signs and symptoms,
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whereas 15-50% are non-functional (21). Functional
tumors are often classified, and clinically defined, by the
predominant hormone secreted and resultant syndrome
of hormone excess, with the five most common tumors
being gastrinoma, insulinoma, glucagonoma, VIPoma and
somatostatinoma.

Gastrinomas are typically located in the submucosa
of the duodenal wall or the pancreatic head (gastrinoma
triangle) (22) (Figure 2). They can occur as isolated, sporadic
tumors, or as part of the multiple endocrine neoplasia type
1 (MEN 1) syndrome (23). Patients often present with
symptoms related to excessive acid production, including
abdominal pain, weight loss, dysphagia/reflux, and secretory
diarrhea. Active peptic ulceration of the stomach or
duodenum is less common in the current era due to the use
of powerful proton pump inhibitors (PPIs). These tumors
cause Zollinger-Ellison Syndrome (ZES), which should be
suspected if peptic ulcers are recurrent, resistant to therapy,
or familial in nature. The diagnosis is made by the finding
of both elevated serum gastrin and gastric acid hyperacidity.
Gastrin is typically elevated >100 pg/mL, or demonstrates
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an abnormal response to secretin stimulation (2 U/kg i.v.),
with an increase in gastrin >200 pg/mL. Gastric acid analysis
demonstrates elevated gastric basal acid output (BAO) >
15 mEq/hr, or >5 mEq/hr in patients with prior gastric
surgery. Elevated gastrin alone can occur in achlorhydric
states such as atrophic gastritis or pernicious anemia, or in
association with relative gastric outlet obstruction or high
dose treatment with PPIs and should not be confused with
an autonomously functioning gastrinoma. Approximately
60-70% of gastrinomas occur in the duodenal wall as
submucosal tumors that may be only 3-5 mm in size. In
previous studies, biochemical cure was rarely achieved long-
term by surgical resection in patients with MEN 1 (24),
and therefore controversy has existed regarding surgical
management of ZES in the familial setting. However,
more recent studies suggest that excellent results can be
achieved biochemically in some MEN 1 patients with more
aggressive operative procedures (25,26).

Insulinomas secrete excessive levels of insulin, which
leads to fasting hypoglycemia that can cause marked and
even life-threatening symptoms. Endogenous inappropriate
hyperinsulinism leads to fasting hypoglycemia with
associated neuroglycopenic symptoms, including confusion,
visual disturbances, and bizarre behavior. The hypoglycemic
state in turn causes catecholamine release, leading to anxiety,
excessive perspiration, and tachyarrhythmias (27). Owing
to the rarity of insulinoma and these unusual symptoms,
patients are often thought to have psychiatric issues or
drug use until the association of the symptoms with fasting,
and relief of symptoms by eating, is recognized. Because
patients often find that frequent consumption of high-
carbohydrate foods relieves symptoms, patients will often
carry sugar pills or high calorie candy and weight gain is a
common secondary finding. The diagnosis of insulinoma
is made biochemically by performance of a supervised
72-hour fast. Termination of the fast occurs when patients
glucose falls <40 mg/dL with associated symptoms of
neuroglycopenia. Fasting insulin, glucose, and C-peptide as
well as oral hypoglycemic medication screen are obtained
prior to administration of D50. Patients with endogenous
hyperinsulinism will have inappropriately normal or
elevated insulin levels with profound hypoglycemia.
Elevated C-peptide confirms an endogenous source of
the hyperinsulinism. Sporadic insulinomas occur with an
incidence less than 1 per million population, and are usually
small, solitary tumors about 1 to 1.5 cm that may occur with
an even distribution within the pancreatic parenchyma.

Glucagonoma is a nearly uniform malignant pancreatic
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islet cell tumor producing excess glucagon. Approximately
64-90% of patients have a characteristic raised red pruritic
rash called necrolytic migratory erythema (NME), which
usually involves the pretibial, perioral and intertriginous
areas. Other symptoms include hypoaminoacidemia,
type 2 diabetes, weight loss and severe cachexia. Twenty-
four percent of patients may develop DVTs and 11%
have pulmonary embolism. Glucagonoma is diagnosed
by a plasma glucagon level >500 pg/mL with decreased
levels of amino acids. Most patients present with large
(>5 cm) or locally advanced disease for which surgical
resection is seldom curative. Medical management includes
total parenteral nutrition (TPN) for cachexia, as well as
octreotide which reduces glucagon levels and improves rash
and cachexia.

The clinical manifestations of glucagonoma are related
to glucose intolerance caused by excessive secretion of the
counter-regulatory hormone glucagon. Symptoms include
sore mouth, altered bowel habits, and venous thrombosis.
NME is found in up to 90% of patients with glucagonoma
and is pathognomonic for this tumor. NME must be
accompanied by elevated levels of glucagon in the blood in
order to confirm the diagnosis (27).

The production of excessive vasoactive intestinal
peptide (VIP) occurs in patients with VIPomas. First
described by Verner and Morrison in 1958 (also known
as Verner-Morrison syndrome), it is a distinct condition
caused by these tumors and is characterized by a profuse
secretory diarrhea, dehydration, achlorhydria and
hypokalemia; this condition is also known as watery
diarrhea hypokalemia achlorhydria (WDHA) or pancreatic
cholera (27,28). Approximately 85-90% of tumors are in
the pancreas and elevated polypeptide (PP) levels help
distinguish pancreatic from extrapancreatic duodenal
VIPomas. The diagnosis is made by the presence of fasting
plasma VIP level >500 pg/mL in association with secretory
diarrhea. Octreotide reduces VIP levels and diarrhea
in approximately 80% of patients. Most are malignant,
however surgery may be curative.

Somatostatinomas are rare, malignant pancreatic NET
found in either the pancreas (50%) or the duodenum (50%).
Somatostatinoma syndrome includes steatorrhea, weight
loss, cholelithiasis, glucose intolerance and hypochlorhydria
due to secretory diarrhea (27). Many are diagnosed
incidentally at the time of cholecystectomy. The mean age
of presentation is 51-53 years. As with other functional
pancreatic NET, the diagnosis of somatostatinoma is
confirmed by elevated blood levels of somatostatin in
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association with either a pancreatic or duodenal mass. Non-
functional tumors are typically clinically silent, until they
grow large enough to produce symptoms related to mass-
effect or invasion. Such symptoms include pain, bleeding,
or obstruction. Most patients with somatostatinoma have
unresectable metastatic disease at the time of diagnosis.

Diagnostic evaluation

Because pancreatic NET are rare and have variable clinical
presentation, diagnosis is often delayed and requires
extensive biochemical, radiologic and endoscopic evaluation.
While functional tumors may result in marked signs and
symptoms of hormone excess, the primary neoplasm may be
very small and occult or difficult to localize by imaging tests.

Biochemical tests

Given that many pancreatic NET are hormone-secreting
(40-60%), initial diagnostic evaluation should consist of
serum measurement of appropriate hormones, or urinary
evaluation of their metabolites. In addition to the hormone
products of secretory tumors, there are certain general tumor
markers that may prove useful in the diagnosis of non-
functional pancreatic NET. These tumor markers include
chromogranin A, pancreatic polypeptide (29), neurotensin,
alpha subunit of human chorionic gonadotropin (alpha
hCG), neuron-specific enolase, synaptophysin, and urinary
5-hydroxyindoleacetic acid (5-HIAA) excretion (30). In
addition to this standard panel of markers, there are newer
markers that may be potentially helpful for diagnosis;
neuroendocrine secretory protein-55 is a member of the
chromogranin family that is elevated in some patients with

pancreatic NET (31).

Radiograpbic imaging

Common radiographic tools used in the localization of
pancreatic NET include CT, MRI and ultrasonography.
Biphasic, thin-slice CT with contrast has a sensitivity
of approximately 95% for pancreatic NET greater than
3 cm in size, but is much less sensitive for tumors less
than 1 em (32). The sensitivity of CT also decreases for
multiple tumors, or tumors located in the distal pancreas.
For those tumors measuring <1 cm in diameter, MRI is a
useful tool; similarly, MRI is better at detecting hepatic
metastases than CT (33).

Advances in molecular imaging, have improved diagnosis
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in patients with pancreatic NET. NET express somatostatin
receptors. Somatostatin receptor scintigraphy (SRS),
utilizes octreotide (a synthetic form of somatostatin) that
is chemically bound to a radioactive substance to detect
tumor cells that are avid for octreotide (33). Additionally,
SRS can be performed with positron emission tomography
(PET) which offers higher resolution and more rapid
imaging. ""Fluorodeoxyglucose (FDG) PET is also useful
for imaging pancreatic NET. Such scans are performed by
injecting radioactive glucose intravenously. Using this scan,
the aggressiveness of the tumor can be visualized, given that
more aggressive tumors utilized glucose more rapidly than
their surrounding tissues (34). Patients suspected of having a
pancreatic NE'T should initially undergo a high quality cross-
sectional imaging test such as computed tomography or MRI;
these initial radiographic tests may not identify a small, occult
functioning tumor, but should be performed to rule out a
very large primary pancreatic mass or hepatic metastases.
Functional studies such as PET or octreotide scanning have
somewhat lower sensitivity depending on tumor size and
avidity, as well as the density of somatostatin receptors on the
tumor cell surface for the sensitivity of SRS (35).

Endoscopic evaluation

Following a cross-sectional radiographic imaging study,
endoscopic ultrasound (EUS) is an excellent and sensitive
minimally invasive test that has proved to be useful for
the localization of pancreatic NET, particularly with small
tumors in the head of the pancreas that are unable to be
detected by more conventional means (CT, MRI). This
modality can also detect peri-pancreatic lymphadenopathy,
thus aiding in the staging of tumors. Additionally, EUS
combined with fine needle aspiration biopsy can provide
definitive diagnosis of pancreatic NET (36). This study is
often our imaging test of choice to evaluate the stomach,
liver, left adrenal gland, duodenal wall, pancreas, and
regional lymph nodes for diagnosis and staging of pancreatic
NET (37,38). Recent developments even suggest that EUS
may be used to deliver therapeutic agents for treatment of
pancreatic NET.

Surgical management

The management of patients with pancreatic NET is
multimodal, involving surgery, radiation and chemotherapy.
While medical management of symptoms is often necessary
preoperatively (such as proton pump inhibitors for

Transl Gastrointest Cancer 2014;3(1):29-43



Translational Gastrointestinal Cancer, Vol 3, No 1 January 2014

35

Figure 3 Management of pancreatic neuroendocrine tumors: enucleation vs. pancreatic resection. Depicted on the left is enucleation of a

small, apparently benign solitary insulinoma of the pancreatic tail. On the right is shown a pancreaticoduodenectomy specimen for a large

malignant NET of the head of the pancreas.

gastrinomas, or somatostatin analogues for glucagonomas
and VIPomas), to date, surgery remains the only potentially
curative option for pancreatic NE'T.

Surgery

Major pancreatic procedures can be performed safely in
most patients with pancreatic NET (39,40). Because many
of these tumors have a more favorable biologic behavior
than the common exocrine pancreatic malignancies, an
aggressive surgical approach aimed at early intervention
prior to malignant spread and major pancreatic resection
where justified is indicated. The appropriate surgical
procedure performed depends on multiple factors such
as the specific type of pancreatic NET (gastrinoma wvs.
insulinoma), presence of metastatic disease, and comorbid
conditions of the patient. Although pancreatic endocrine
neoplasms are generally thought to pursue an indolent
clinical course in the majority of patients, regional lymph
node metastases and hepatic and distant metastases can
occur and be life-limiting due to progression of the tumor.
Some tumors may be clinically insignificant or follow
a benign course, although a subset of tumors pursue a
malignant, lethal natural history; the risk of operative
management must be appropriate to the disease course (41).

Pancreatic NET that are associated with the multiple
endocrine neoplasia type 1 (MEN 1) syndrome present
unique diagnostic and therapeutic challenges. In MEN 1,
involvement of the pancreas is characterized by a diffuse
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preneoplastic hyperplasia “field affect” that precedes the
development of discrete tumor foci within the involved
organ, the development of multiple tumors within a target
tissue, and the potential for development of tumors in more
than one target tissue. Furthermore, in the setting of a
familial cancer syndrome, affected patients develop tumors
at a much earlier age than patients with corresponding
sporadic tumors. For example, in keeping with the two-hit
model for a tumor suppressor gene (42,43), patients with
multiple endocrine neoplasia type 1 (MEN 1) inherit one
mutation in the germline, and require only one additional
genetic event to inactivate the remaining wild-type allele
and result in tumor formation. The result is a propensity to
develop multiple endocrine tumors at a young age, when
patients are otherwise healthy and active. The optimal
surgical management of these tumors is complicated by
a relative lack of sensitive and specific tumor markers for
their early detection, difficulty in accurately localizing small
tumors by preoperative imaging tests, and uncertainty about
the malignant potential or expected natural history of small
apparently benign tumors (41,44).

Because of the high probability that a small, solitary,
grossly encapsulated NET of the pancreas will be benign,
enucleation is usually appropriate (Figure 3). Localized
resection preserves pancreatic endocrine and exocrine
function, and prevents the need for division of the major
pancreatic duct or need for construction of a surgical
enteric-pancreatic duct anastomosis. Alternatively, larger
potentially malignant NETs or tumors felt to carry a
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high risk of malignant progression may require major
pancreatic resection (Figure 3). It is obviously desirable
to intervene early to prevent malignant spread, while
preserving pancreatic function and minimizing morbidity
and mortality (from either cancer or surgery). In addition,
pancreatic NET that occur in patients with MEN 1 are
more likely to require pancreatic resection in young patients
with normal, soft, non-fibrotic pancreatic parenchyma, and
a usual absence of dilated pancreatic and biliary ducts; these
findings make major pancreatic resection more morbid,
with a significant risk of pancreatic fistula.

Surgical decision making in these patients should be
based on the unique features of these uncommon neoplasms,
the expected natural history of the tumor, and the most
significant operative risks. The ideal surgical treatment
of pancreatic NET relieves the patient of significant risk
of malignant progression, while preserving pancreatic
endocrine and exocrine function, and minimizing morbidity
from either surgery or the underlying disease process.

For localized pancreatic NET, surgical excision with
curative intent is the mainstay of treatment (45,46). This
typically involves surgical resection of the tumor, as well
as an extended regional lymphadenectomy. For tumors
that are typically small and benign (as in the case of
insulinomas), simple enucleation is often the procedure
of choice; if located in the tail of the pancreas, a distal
pancreatectomy may be more feasible. Sometimes a more
extensive dissection may be required, as in the case of
gastrinomas. These tumors are typically small (<1 cm),
often multiple, and may be peri- or extra-pancreatic. As
such, duodenal exploration and extended lymphadenectomy
may be required (45,46).

For patients with metastatic disease, management is
particularly challenging. In these cases, surgical intervention
is rarely curative, but is often still necessary for palliation
of symptoms, such as bleeding and obstruction, and
prevention of further complications of the disease (47).
When functional tumors present as advanced-stage disease,
surgical debulking can often alleviate the severe, life-
limiting symptoms of hormonal excess (14,47,48).

Radiotherapy

Radiofrequency ablation (RFA) has been shown to be a
useful adjunctive procedure to surgery, when dealing with
hepatic metastases. It’s effectiveness in colon cancer with
liver metastases has long been established. More recently,
RFA has been shown to aid in the relief of symptoms of
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pancreatic NET complicated by liver metastases, as well as
for local control of such lesions (49). In addition to RFA,
external beam radiation is another form of radiotherapy
that has shown some promise in the management of
metastatic pancreatic NET; this technique has been shown
to improve symptoms of bone pain in patients with bone
metastases (50).

Chemotherapy

To date, the role of chemotherapy in the management of
metastatic pancreatic NET has been limited, primarily due
to the fact that pancreatic NET usually run and indolent
course. As such, they usually do not respond well to
chemotherapeutic intervention. However, this treatment
modality is still worth considering, particularly when
tumors are non-resectable, poorly-differentiated, and in the
presence of angiolymphatic invasion (51).

Hereditary syndromes associated with NET of
the pancreas

While the vast majority of these tumors occur sporadically,
there is a small percentage that present as part of a genetic
syndrome. Multiple endocrine neoplasia type 1, von Hippel
Lindau, neurofibromatosis type 1, and tuberous sclerosis
represent hereditary cancer syndromes with a pancreatic
NET predisposition. Lifetime prevalence of pancreatic
NET varies greatly among patients with different
hereditary endocrinopathies. Greater than 80% of MEN
1 patients will develop a pancreatic neuroendocrine tumor
during their lifetime, while only up to 20% of von Hippel
Lindau patients will. Neurofibromatosis type 1 patients
and tuberous sclerosis patients have yet lower lifetime
prevalence rates at 10% and 1%, respectively.

Molecular genetics and pathogenesis

NET arise from embryonic tissues either derived from
neuroectoderm (the neural crest) or endoderm and
therefore may potentially occur in diverse organ sites,
but primarily localize to the gastrointestinal tract and the
pancreas. It has been described above that carcinoids of
the GI tract and pancreatic NET tumors appear essentially
indistinguishable by histopathologic examination, but
separate tumor types are believed to have genetic and
functional differences as well as different responses to
therapeutic interventions. From an oncologic perspective,
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Figure 4 Germline mutations in the menin tumor suppressor gene may represent missense, nonsense, deletion, or RINA splicing defects and

are distributed anywhere along the 9 coding exons and the intron-exon junctions of the gene. Reproduced with permission from Mutch MG

et /. Human mutation 1999;13:175-85 (53).

NET are classified generally into well-differentiated and
poorly-differentiated tumors, irrespective of tissue of origin.
Pancreatic NET are infrequently occurring tumors and
most develop as sporadic neoplasms, with a smaller subset
occurring in association with a hereditary cancer syndrome
such as multiple endocrine neoplasia type 1 (MEN 1), or
von Hippel Lindau (VHL) syndrome. Importantly, key
genes that result in a rare hereditary cancer syndrome,
when inherited as a germline mutation present in every
cell in the body, are the same gene changes that may
develop by chance in somatic cells, and be responsible
for a subset of the more common sporadic tumors. For
example, approximately 21% of sporadic pancreatic NET
harbor mutations in the MENI tumor suppressor gene,
with considerable variation in frequency depending on
the specific tumor type. In this regard, only approximately
8% of insulinomas and nonfunctioning NET have MENI
tumor suppressor gene mutations, but they occur more
frequently in gastrinomas (37%), VIPomas (44%), and
glucagonomas (67%) (52). The MENI tumor suppressor
gene encodes a 610 amino acid nuclear protein product,
termed menin, which is ubiquitously expressed and highly
conserved evolutionarily down to Zebrafish with the murine
Menl gene 98% homologous. It is therefore likely to have
a pivotal role in regulation of cell growth. The germline
mutations in the menin gene include missense, nonsense,
deletions and RNA splicing defects and can occur anywhere
in the 9 coding exons, as wells as in the intron-exon
junctions (53) (Figure 4).

Menin is predominately a nuclear protein (54) that
binds to JunD, a member of the AP-1 transcription
factor family, and represses JunD mediated transcription
(55,56). In addition, menin has been shown to physically
interact with a diverse variety of other proteins including
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transcription factors, DNA processing factors, DNA repair
proteins, and cytoskeletal proteins (Smad3, NF-kappa-B,
nm23, Pem, FANCD2, RPA2, ASK, and others) (57-63).
The combination of findings from all current studies has
not yielded a clear picture of the mechanisms of menin’s
tumor suppressor activity or the specific role for menin in
endocrine tumorigenesis, although its diverse interactions
suggest possible roles in transcriptional regulation, DNA
processing and repair, and cytoskeletal integrity. Knockout of
both Menl alleles in mice results in embryonic lethality (64),
suggesting that menin may have a broader role in the
regulation of cell growth that is not limited to the endocrine
tissues affected in patients with MEN 1 syndrome.
Heterozygous MenlI”" mice demonstrate somatic loss of the
wild type Menl allele in tumors (64) and develop a pattern
of endocrine tumor formation that very closely reflects the
endocrine abnormalities in the human MEN 1 syndrome.
DNA microarray analysis of global gene expression
has been performed by our group, comparing 8 MEN
1-associated NET to normal islet cell preparations (65).
This study demonstrated 45 up-regulated and 148 down-
regulated genes in the tumor group, mostly representing
genes involved in cell growth or signal transduction.
Interesting, 19 apoptosis-related genes, including IER3,
PHLDA2, IAPP, and SST, were down-regulated. Other
groups have reported gene differential expression studies
although the results are not entirely concordant (66,67).
Few previous molecular genetic studies have focused
specifically on neuroendocrine cells. However in other
in vitro systems, some of the effects of menin have been
elucidated (68). Over expression of menin has been
shown to diminish the tumorigenic phenotype of Ras-
transformed NIH-3T3 cells, consistent with its putative
tumor suppressor function (69). In addition, studies have
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suggested a possible role for menin in repressing telomerase
activity in somatic cells, perhaps explaining in part its
tumor suppressor properties (70). Menin has most recently
been shown to regulate transcription in differentiated
cells by associating with and modulating the histone
methyltransferase activity of a nuclear protein complex
to activate specific gene expression, including the cyclin-
dependent kinase (CDK) inhibitors p27**' and p18™* (71-73),
as well as other cell cycle regulators.

Among the important signaling pathways that have
been elucidated in NET are phosphatidyl-inositol 3-kinase
(PI3K)/Akt, mitogen activated protein kinases (MAPKs),
and Notch1/Hairy Enhancer of Split-1 (HES-1)/achaete-
scute complex like-1 (ASCL1). Most of the work on these
pathways in NET have been studies of carcinoids (74-79).

ASCLI is expressed at high levels in NET such as
medullary thyroid cancer (MTC), pheochromocytomas,
carcinoids, and small cell lung cancer. Iz vivo abolition
of ASCL1 in transgenic knockout mice leads to the
failed development of pulmonary neuroendocrine cells, a
paucity of thyroid C-cells, and a 50% reduction in adrenal
chromaffin cell population (80,81). These results suggest
that ASCLLI is required for the development of diverse cell
types of neuroendocrine lineage. Therefore, inhibition of
ASCL1 expression may be an important way to suppress
NET growth.

There is evidence that the Notch 1 signaling pathway has
a negative effect on NET cell growth. However, a number
of studies have shown that Notch1 signaling is very minimal
or absent in NET (75,82-84). This finding could explain
the high expression of ASCL1 protein in these tumors.
Transient expression of active, Notchl via adenoviral
vector in carcinoid tumor cells in vitro results in growth
suppression and significant reduction in NET markers such
as serotonin, chromogranin A (CgA), synaptophysin, and
ASCL1 supporting the tumor suppressor role of Notchl
signaling (83). Importantly, these NET cells lack Notchl
activation at baseline. Therefore, the identification of
compound(s) that activate endogenous Notch1 in carcinoids
is a line of investigation for potential clinical application
in the treatment of patients with these tumors. Recently,
Chen and colleagues have shown that histone deactylase
(HDAC) inhibitors upregulate Notchl in NETSs and inhibit
tumor growth (85,86). Clinical trials with these agents are
currently ongoing.

Ras regulates multiple signaling pathways of which
the best understood is the Ras/Raf/mitogen-activated
extracellular protein kinase (MEK)/extracellular signal-
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regulated kinase (ERK) pathway. The ras/raf signaling
pathway has been recognized as a pivotal signaling pathway
in cancer biology. Activation of raf-1 pathway in MTC and
other NET by expression of estradiol inducible estrogen
receptor fused with catalytic domain of raf-1 fusion
protein leads to complete suppression of ASCL1 mRNA
and protein (77,78,87,88), and decrease in the level of
ASCL1 protein correlates with reduction in tumor markers
calcitonin and CgA. Furthermore, raf-1 activation in MTC
cells results in growth suppression.

Targeted therapies

Patients with localized disease, or limited regional
lymph node or hepatic metastases, are best treated with
an attempted complete surgical resection, which is the
only potentially curative therapeutic option available for
pancreatic NET. Although NET in general demonstrate
limited response to treatment with conventional systemic
cytotoxic chemotherapy, other pharmacologic treatment
options are available with differing therapeutic targeting
strategies. These include treatment with somatostatin
analogs that have been shown to result in symptomatic
improvement, reduction in biochemical tumor markers,
and to a lesser extent tumor antiproliferative effects. Long-
acting somatostatin analogs are frequently given to patients
and these agents provide the best means of providing
symptomatic relief for patients with marked hormone
related symptoms. Interferon may have efficacy in reducing
symptoms from hormone excess in a subset of patients, but
is associated with risk of significant adverse side effects,
and recent studies have not been able to consistently
demonstrate an objective reduction in tumor growth and
progression.

Other targeted treatment strategies include peptide
receptor radionuclide therapy (PRRT) with radiolabeled
somatostatin analogs which target tumor cell surface
somatostatin receptors (SSTR), and result in the
internalization of the peptide/receptor complex inside
the tumor cell. Although previous trials show variable
effectiveness, newer radionuclides have shown increased
efficacy. At present, PRRT may have a role in treatment
of advanced low-grade enteropancreatic NET, but clinical
use is limited by variable target receptor density, anatomic
limitations, and late toxicity.

It is of particular importance that recent data suggest
newer targeted agents, particularly sunitinib and everolimus,
have demonstrated antitumor activity in patients with
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advanced metastatic NET (89,90). Because NET are highly
vascular, agents with anti-angiogenetic properties that have
been studied include drugs targeting VEGF (bevacizumab),
small molecules inhibiting the receptor tyrosine kinase
domains of VEGFR and related receptors (sunitinib,
sorafenib). Sunitinib malate is an oral tyrosine kinase
inhibitor with multiple targets, including all receptors
for platelet-derived growth factor (PDGF-Rs), vascular
endothelial growth factor receptors (VEGFRs), RET, and
¢-KIT (CD117).

After initial favorable results, including evidence
of objective response in phase I trials, larger phase 11/
III studies were undertaken in patients with advanced/
metastatic well-differentiated pancreatic NET. Sunitinib
was studied in a double-blind, placebo controlled,
randomized phase III study comparing 37.5 mg sunitinib
continuous daily dosing versus placebo in patients with
progressive, well-differentiated unresectable pancreatic
NET (91). Although objective responses were infrequent
(<10%), progression free survival (PFS) was more than
double in sunitinib-treated patients when compared with
those patients receiving placebo (11.4 vs. 5.5 months, HR
0.42, P<0.001). There was also the suggestion of overall
survival benefit with sunitinib versus placebo.

Everolimus (RADO0O1) is an oral mammalian target of
rapamycin (m'TOR) that has also been studied extensively
in patients with advanced NET not amenable to curative
surgical resection. The RADIANT-1, -2, and -3 trials have
studied the efficacy of everolimus in patients with NET.
The third largest study was a prospective, randomized phase
IIT study (92) of patients with progressive advanced low-
or intermediate-grade pancreatic NET in which patients
were randomly assigned to either everolimus or placebo
with a double-blind crossover study design. About half of
the patients had received previous chemotherapy. Again,
although objective responses were infrequent, the disease
control rate (78% versus 53%) and PFS were significantly
increased in patients treated with everolimus when
compared with the placebo group (11.4 vs. 5.4 months,
HR 0.34, P<0001). Furthermore, everolimus resulted in
significantly greater sustained decreases in biochemical
tumor markers including chromogranin A (CgA) and
neuron-specific enolase (NSE). No impact on overall
survival was observed, but 73% of patients on placebo
crossed over to everolimus after experiencing disease
progression. This study concluded that everolimus, as
compared with placebo, resulted in significantly prolonged
progression-free survival among patients with progressive
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advanced pancreatic NET, and was associated with a low
rate of severe adverse events.

Summary

Pancreatic NET tumors are relatively uncommon, usually
well-differentiated neoplasms that as a group tend to
have a less aggressive biologic behavior when compared
with the more common and highly malignant exocrine
adenocarcinomas of the pancreas. They may have a
variable presentation either due to the consequences of
specific peptide hormone products produced by the tumor
cells resulting in specific clinical signs and symptoms, or
the mass effects of local tumor advancement. Complete
surgical excision is the only curative treatment. In general,
the response of these tumors to conventional cytotoxic
chemotherapy is limited, and although these tumors are
generally considered to be indolent, they frequently progress
and are fatal when patients develop widespread disease that
is not amenable to surgical resection. There are unique
features and special considerations in the management
of NET of the pancreas that occur in association with a
hereditary endocrine neoplasia syndrome such as MEN
1 or VHL. The molecular pathogenesis of NET is being
studied, with the resultant development of a few agents that
have shown biologic activity and clinical benefit in patients
with advanced disease. The agents that have shown benefit
and have been most extensively studied to date include
growth factor receptor angiogenesis inhibitors, and mTOR
inhibitors. Importantly, these advances hold the promise of
leading to the development of novel molecular targets.
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