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neuroendocrine tumors (NETs) are rare neoplasms 
that originate from components of the dispersed 
endocrine system, which is formed from any 

organ derived from the primitive endoderm.1 These 
sites include pancreatic islet cells, as well as diffuse 
neuroendocrine cells throughout the gut, respiratory 
epithelium, thymus, and parafollicular cells of the thyroid 
gland.2 These neoplasms can occur sporadically or can 
be associated with various hereditary disorders. Recent 
data suggest a substantial increase in prevalence, but 
even with increased awareness and improved diagnostic 
techniques over the past 3 decades, there has been no 
improvement in outcomes. Thus, attention has been 
directed at developing strategies for early diagnosis, 
identification of new biochemical markers, and more 
effective management.3 Pancreatic neuroendocrine 
tumors (PETs) display similar characteristics to 
other gastrointestinal endocrine tumors with respect 
to pathology and biological features, but differ in 
pathogenesis and management options.4 At diagnosis, 
PETs range from small, benign masses found incidentally 
to functional masses presenting with symptoms of 
hormone excess to aggressive malignancies.1 This 
article will review the epidemiology, classification, 
diagnosis, and management of neuroendocrine tumors 
of the pancreas.

Epidemiology
PETs represent between 1%-2% of all pancreatic 
neoplasms and are detected at a rate of 1:100,000 in 
the population.4 Autopsy studies have identified PETs in 
up to 0.5%-1.5% of patients, which is much higher than 
patients detected clinically as <1 in 1000 of these tumors 
are functional or symptomatic.1,4 PETs occur equally 
in men and women, and although they can occur in all 
age groups, the peak incidence is between 30 and 60 
years.1 The prevalence of different PET types vary, with 
some studies reporting nonfunctional PETs comprising 
14%-30% of all PETs, while others report them to be 
as high at 60%-80%.5 The incidence of insulinomas 
and gastrinomas is between 0.5 to 3 cases/million per 
year. Of the remaining PETs, the incidence of VIPoma 
is one in ten million patients per year and glucagonomas 
are twice as rare. Other recognized PETs, including 
somatostatinomas, PETs secreting growth hormone-
releasing factor (GRFomas), adrenocorticotropic 
hormone (ACTHomas), renin, erythropoietin, or 
luteinizing hormone (LH) are extremely rare with an 
unknown incidence.5 (Table 1.).

General Features
Although the terminology of islet cell tumors is 
commonly used to describe PETs, the origin of 
these tumors is still under debate, with suggestions 
from different studies linking it to both pancreatic 
islet cells as well as ductal epithelial cells.5-7 These 
tumors frequently contain ductular structures and 
may produce multiple hormones, including hormones 
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not typically present in the normal adult pancreas.8 
Additional studies have proposed that PETs arise from 
the diffuse neuroendocrine cell system, as the cells 
have similar cytochemical properties as the amine 
precursor uptake and decarboxylation (APUD) cells 
in this system.9 The histologic appearance of PETs 
is a homogeneous sheet of small round to ovoid cells 
with eosinophilic, slightly granular cytoplasm and 
nuclei with a dispersed chromatic pattern, with close 
resemblance to other small cell tumors, including 
carcinoid and pheochromocytoma.1.5.9

Classification 
PETs are categorized into two separate groups based on 
their clinical presentation: functional or non-functional. 
Functional PETs are associated with a clinical syndrome 
as a result of inappropriate secretion of hormones. 
Functional PETs include insulinomas, gastrinomas, 
glucagonomas, somatostatinomas, vasoactive intestinal 
polypeptide secreting tumors (VIPomas), and several 
other less common tumors. Despite not being associated 
with distinct features due to hormone excess, non-
functional PETs (NF-PETs) may still lead to elevated 
hormone levels in the blood or immunoreactivity in 
tissue staining. Syndromes due to excess secretion of 
pancreatic polypeptide (PP) and neurotensin have not 
been established with certainty, thus PETs associated 
with production of these hormones are considered non-
functional.10

Approximately 1%-2% of patients have familial 
syndromes which predispose them to development 
of PETs.1 Four inherited disorders have an increased 
incidence of PETs: multiple endocrine neoplasia-
type 1 (MEN 1), von Hippel-Lindau disease, von 
Recklinghausen’s disease (neurofibromatosis 1), and 
tuberous sclerosis. Of the inherited disorders, MEN1 is 
most commonly associated with PETs, with 80%-100% 
of patients developing NF-PETs, 50%-60% developing 
gastrinomas, 20% developing insulinomas, and 3%-5% 
developing VIPomas or glucagonomas. The percentage 
of patients developing PETs with von Hippel-Lindau 
disease is 10%-17% (most commonly a NF-PET), with 
neurofibromatosis type 1 is 0-10% (primarily duodenal 
somatostatinomas), and with tuberous sclerosis is <1% 
(mainly NF-PETs).11

Non-Functional PETs
NF-PETs often present with local symptoms due to 
their large size, invasion of adjacent organs, or possibly 

from metastases. These tumors are often discovered 
on unrelated abdominal imaging procedures, late in 
the course of disease due to large primary tumors and 
often metastatic disease. Other common presenting 
symptoms of NF-PETs include abdominal pain (40%-
60%), weight loss (25%-50%), and jaundice (30%-
40%).4 If a non-functional pancreatic mass is identified 
as a cause of symptoms, evaluation should include 
either multiphasic computed tomography (CT) scan 
or magnetic resonance imaging (MRI). Additional 
testing that may aid in diagnosis includes somatostatin 
receptor scintigraphy and measurement of commonly 
secreted hormone markers, such as Chromogranin 
A and pancreatic polypeptide. The measurement of 
serum Chromogranin A has become commonly used as 
a marker both for functional and nonfunctional PETs, 
with sensitivity and specificity ranging from 50% in 
early disease to up to 100% in metastatic disease. This 
maker can also be used as a marker of recurrence or 
changes in size.4 Interpretation of chromogranin A 
elevations must be conducted with caution as false-
positives can occur with use of proton pump inhibitors 
and in patients with renal or liver failure, hypertension, 
and chronic gastritis.12

Functional PETs

Insulinoma
Diagnosis
Insulinoma is the most common functional PET. These 
tumors are very rarely seen outside of the pancreas and 
are evenly distributed within the pancreas, with one-
third occurring in the pancreatic head, body, and tail .5 
These tumors are usually small and solitary, with only 
8% of tumors measuring >5 cm. Multiple tumors occur 
in only 2% to 13% of cases. 

Insulinomas ectopically secrete insulin, thus the 
clinical symptoms result from hypoglycemia. Patients 
may present with symptoms of neuroglycopenia such 
as headaches, blurred vision, or confusion, or may 
manifest symptoms of sympathoadrenal stimulation, 
such as tachycardia or diaphoresis.2 Symptoms are 
often precipitated by fasting or exercise, and patients 
may often need to awaken at night to eat or frequently 
consume high calorie snacks or sugar pills to alleviate 
symptoms.13 Weight gain is commonly associated with 
insulinoma due to the frequent high calorie meals. 
Symptoms occur in an episodic pattern due to the insulin 
secretion of the tumor. The presentation is non-specific, 
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Table 1. Overview of Pancreatic Neuroendocrine Tumors

Tumor (Syndrome) Hormone Causing 
Syndrome

Primary Signs 
and Symptoms

Primary Location Annual Incidence Outcome

Insulinoma Insulin Hypoglycemic 
symptoms

Pancreas 1-2 5-15

Gastrinoma 
(Zollinger-Ellison 

Syndrome)

Gastrin Abdominal pain, 
Diarrhea, Dysphagia, 

Pyrosis

Pancreas (60%)
Duodenum (30%)

Other (10%)

0.5-1.5 60-90

Glucagonoma Glucagon Rash, Anemia, 
Glucose intolerance,

Weight loss

Pancreas 0.01-0.1 50-80

Somatostatinoma Somatostatin Diabetes, Cholelithiasis, 
Diarrhea, Steatorrhea

Pancreas (56%)
Duodenum/ 

Jejunum (44%) 

Rare >60

VIPoma 
(Verner-Morrison, 
pancreatic cholera, 

WDHA)

VIP Diarrhea, Flushing Pancreas (90%) 0.05-0.2 >60

GRFoma GRF Acromegaly, 
Abdominal pain

Pancreas (30%)
Lung (54%)

Jejunum (7%)
Other (13%)

Unknown >30

ACTHoma 
(Cushing’s 
syndrome)

ACTH Ectopic Cushing’s 
syndrome

Pancreas 
(4%-16% of all 

ectopic Cushing’s)

Uncommon >90

PET causing 
hypercalcemia

PTH-RP Symptoms of 
hypercalcemia

Pancreas Rare 80-90

NF-PET None Abdominal mass, 
Weight loss, 

asymptomatic

Pancreas 1-2 >60

VIP, Vasoactive Intestinal Peptide; WDHA, Watery diarrhea hypokalemia achlorhydria; GRF, Growth-hormone releasing factor; ACTH, adrenocorticotropic hormone; 
PET, Pancreatic endocrine tumor; NF-PET, Non-functioning pancreatic endocrine tumor.
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and the diagnosis is often delayed unless the clinician 
has a high index of suspicion and is able to recognize 
the association of symptoms with fasting.4,13

Establishing a diagnosis of insulinoma begins 
with a thorough clinical history that determines 
hypoglycemia as the cause for the patient’s symptoms, 
followed by establishing a relationship of the symptoms 
with fasting.5 Historically, Whipple’s triad was used 
as diagnostic criteria for insulinoma, consisting 
of characteristic hypoglycemic symptoms, blood 
glucose <50 mg/dL, and relief of symptoms after the 
administration of glucose. As these symptoms are not 
specific for insulinoma, biochemical confirmation of 
endogenous hyperinsulinism is necessary. The gold 
standard test for diagnosis of insulinoma is the 72-hour 
fast.5 The extended fast time is performed because the 
diagnosis of insulinoma is only established in 35% of 
patients with a single overnight fast. The 72-hour fast is 
performed with measurement of blood glucose, plasma 
insulin levels, and C-peptide levels at three- to six-hour 
intervals. Plasma insulin and glucose values are also 
measured if symptoms of hypoglycemia are found at 
any point during the fast, prior to the administration of 
glucose, after which the test is stopped. A full 72-hour 
fast is extremely sensitive, with 75% to 80% of patients 
experiencing symptoms and having low blood glucose 
levels within 24 hours of starting the fast, 90% to 98% 
by 48 hours, and nearly 100% after a full 72 hours. In 
normal individuals without organic hyperinsulinism, 
the serum insulin concentrations decrease to lower 
than 6 μU/mL when blood glucose levels are <40 
mg/dL, with a ratio of plasma insulin (in μU/mL) to 
glucose (in mg/dL) lower than 0.3.5 The diagnosis 
of insulinoma is confirmed by the 72-hour fast if the 
plasma insulin-to-glucose ratio is >0.3. Caution must 
be used in interpreting the test in obese patients, where 
hyperinsulinism may be caused by insulin resistance 
rather than insulinoma. These patients may have a 
plasma insulin-to-glucose ratio >0.3, but the fasting 
glucose will remain normal and will not decrease to 
below 55 mg/dL with fasting, as observed in patients 
with insulinoma.5

It is important to rule out other causes of fasting 
hypoglycemia, including post-prandial (reactive) 
hypoglycemia, liver or metabolic diseases, autoimmune 
causes, nesidioblastosis, and factious hypoglycemia. 
Measurements of proinsulin and C-peptide levels are 
especially useful in differentiating insulinoma from 
surreptitious use of insulin. Plasma proinsulin levels 

are elevated in 80% to 90% of patients with insulinoma 
but are not elevated in patients taking exogenous 
insulin. C-peptide levels will be low when exogenous 
insulin is used, whereas insulinoma will cause elevated 
C-peptide levels. The surreptitious use of sulfonylureas, 
however, will lead to elevations in both insulin and 
C-peptide levels and cannot be determined from these 
measurements.5

Treatment
Treatment of insulinomas involves both control of 
hypoglycemic symptoms and a potentially curative 
treatment of the target lesion. With the exception of 
MEN1, the majority of patients with insulinoma (>85%) 
have a single, benign tumor. Hypoglycemia can be 
controlled in most patients with both modification of 
diet and pharmacologic therapy. Carbohydrate intake 
plays a key role in maintaining symptom-free blood 
glucose levels. Appropriately timed meals, including 
frequent snacks, possibly bedtime or overnight snacks, 
and the intake of slowly absorbed carbohydrates, 
such as starches, bread, potatoes, and rice, help to 
maintain blood glucose levels. Except in the event of 
a hypoglycemic episode, patients should be advised 
to limit the intake of rapidly absorbing carbohydrates, 
as this can lead to increased insulin secretion from 
the tumor. Patients with refractory hypoglycemia may 
also require the use of continuous intravenous glucose 
(Figure 1.).

Figure 1. Algorithm for management of insulinoma.
Adapted from NCCN Guidelines, Version 1.2011, accessed at:
http://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf

(continued on page 19)
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The most commonly used medications for 
hypoglycemia in insulinoma are diazoxide and 
somatostatin analogues. Diazoxide directly blocks 
β-cell insulin release by stimulating α-adrenergic 
receptors and also works peripherally by stimulating 
glycogenolysis. Therapy is initiated with 150 mg to 200 
mg daily divided into two to three doses. The daily dose 
can be increased to a maximum of 600-800mg. Side 
effects are dose related and include sodium retention 
leading to edema, gastrointestinal upset or nausea, and 
hirsutism. Response has been seen in up to 60% of 
patients with insulinoma. Somatostatin analogues, such 
as octreotide, have been shown to control hypoglycemic 
symptoms in up to 40%-60% of patients. Octreotide 
is given at a starting dose of 50 µg two to three times 
daily and can be increased to a total daily dose of 1500 
µg. Long-acting formulations have also been released 
that gives sustained plasma levels with monthly dosing. 
In general, somatostatin analogues are well tolerated. 
Side effects of octreotide in specific include bloating 
and cramping. Hypoglycemia may worsen in some 
patients due to the effects of octreotide on glucagon 
and growth hormone.5

Surgical removal is the definitive therapy for 
insulinomas. Greater than 90% of tumors are benign, 
and the cure rate and disease-specific survival can 
reach 100% in sporadic insulinomas. As the majority of 
insulinomas are small tumors (< 2 cm), localization can 
be challenging. As opposed to other PETs, insulinomas 
lack a high density of type 2 somatostatin receptors, 
making somatostatin receptor scintigraphy useful 
in only 10% of cases. A CT scan, performed under 
a pancreatic protocol, and an endoscopic ultrasound 
(EUS) remain the best preoperative methods of 
localizing insulinoma.14 Overall sensitivity with the 
use of EUS is as high as 93% and, compared with CT, 
EUS offers improved accuracy in the identification of 
small lesions (<1 cm).15 Additional invasive testing 
can be performed if the tumor cannot be identified 
by non-invasive means. Surgical exploration with 
intraoperative ultrasound has a sensitivity of 95%, and 
is reported to locate virtually all occult insulinomas 
when combined with preoperative intra-arterial calcium 
stimulation (Figure 2.).

Since most insulinomas are solitary and small in 
size, they can be removed by enucleation, with the 
benefit of sparing the remaining normal pancreas. 
If enucleation is not possible due to the inability to 

maintain the integrity of the pancreatic duct, then 
pancreaticoduodenectomy is performed for tumors of 
the pancreatic head and central or distal pancreatectomy 
is performed for body or tail tumors.14

Gastrinoma

Diagnosis

These rare tumors result in the Zollinger-Ellison (Z-E) 
syndrome as a result of excess gastrin secretion. 
Approximately 80% of gastrinomas occur sporadically, 
and 20% are associated with MEN1.13 The most 
common presenting symptoms of Z-E syndrome are 
secretory diarrhea, reflux esophagitis, dysphagia, and 
abdominal pain. The classic presentation of severe 
peptic ulcer disease is becoming less common with 
the current widespread use of proton pump inhibitors.13 
However, complicated and uncomplicated ulcers do 
occur due to delayed presentation of gastrinoma of 
up to 6.1 years.4 Proton pump inhibitors have led to 
a decline in diagnosis due to symptoms, but have led 
to more false positive testing due to hypergastrinemia 
occurring with prolonged use of these medications.16

Similar to insulinoma, the diagnosis of gastrinoma 
is first made by a high clinical index of suspicion 
and biochemical confirmation, prior to localization. 
Gastrinoma is diagnosed by findings of non-physiologic 
hypergastrinemia, which occurs in the setting of excess 
gastric acid secretion.4 As other conditions, such as 
chronic atrophic gastritis and pernicious anemia can 
lead to elevated levels of serum gastrin in the setting 
of achlorhydria, elevated gastrin levels alone are not 
sufficient for the diagnosis.13 

Fasting hypergastrinemia occurs in 97%-99% of 
patients.4 In approximately 40% of patients with Z-E 
syndrome, the fasting serum gastin level will be elevated 
to greater than 10 times the upper limit of normal 
(usually >1000 pg/mL). In these patients, a gastric pH 
measurement of <2 can confirm the diagnosis.4 In the 
remaining 60% of patients with elevated serum gastrin 
<1000 pg/mL and with gastric pH <2, the measurement 
of basal acid output and a secretin stimulation test can 
be performed.4 A positive secretin stimulation test will 
show a paradoxical increase in fasting serum gastin 
level of >120 pg/mL above baseline, with a sensitivity 
of 94% and specificity of 100%.4 The most recent 
guidelines for diagnosis of gastrinoma suggest that 
elevation of fasting and stimulated serum gastrin are 
sufficient for diagnosis.12 Measurement of basal acid 

(continued from page 16)
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output is technically difficultand rarely performed, but 
has previously been described.5,17 Of note, these studies 
should be conducted in patients who are not taking 
antisecretory medications such as histamine antagonists 
(>48 hours) and proton pump inhibitors (>1 week).

In patients with MEN1, the diagnosis of Z-E 
syndrome may also be difficult because the successful 
treatment of hyperparathyroidism in these patients may 
lead to decreased serum gastrin levels, decreased basal 
acid secretion, and can lead to a negative secretin test .4 

Treatment
Similar to insulinoma, treatment of Z-E syndrome 
begins with treatment of the hypersecretory state 
and controlling the excess secretion of gastric acid. 
Proton pump inhibitors are the mainstay of treatment, 
with the typical dose of omeprazole used to control 
hypersecretion being 60mg daily. Patients with 
complicated disease, including MEN1, moderate-to-
severe gastroesophageal reflux disease (GERD), and 
prior Billroth 2 resections, often require higher dose 
titration and more frequent and increased dosing of the 
proton pump inhibitor.4

Gastrinomas are malignant in 60% to 90% of 
cases; thus, location of the primary tumor and extent of 
disease, as well as detailed tumor imaging are important 
in determining the potential for treatment and/or cure.5 
Initial testing for localization of gastrinomas should be 
conducted with somatostatin receptor scintigraphy (SRS) 
combined with CT or MRI. SRS has a sensitivity of 80% 
and specificity of 100% in this setting and also has the 
advantage of detecting metastatic disease and tumors 

arising in unusual locations.2 Other forms of imaging 
can be focused on the first, second, and third portions 
of the duodenum, as well as the head of the pancreas. 
This region, known as the gastrinoma triangle, is the 
location of 80% of gastrinomas.13 Lesions that cannot be 
localized on SRS, CT, or MRI may be located by EUS. 
EUS is useful in detecting duodenal gastrinomas, which 
may be missed on SRS and other imaging, and may 
detect small submucosal tumors measuring <5 mm (2). 
Additional testing can be performed with angiography 
with secretin stimulation and sampling of the hepatic 
venous blood for gastrin levels. This testing may be 
useful for patients with MEN1 or when gastrinomas 
are missed on other testing or exploration and only 
provides regional localization.2,13 (Figure 3.).

In the case of sporadic Z-E syndrome, in patients 
without MEN1, surgical exploration is indicated (5). 
Commonly performed procedures include either tumor 
enucleation from the pancreas or partial pancreatectomy, 
as well as duodenotomy (2). Studies have found that up 
to 51% of patients are disease-free immediately post-
operatively and up to 34% of patients are disease free 
after 10 years (5). Several studies conducted by the 
National Institute of Health (NIH) have also shown 
that routine surgical resection in cases of sporadic Z-E 
syndrome decreases the rate of liver metastases as well 
as increases overall survival (18,19).

In cases of Z-E syndrome associated with 
MEN1, the role of surgical exploration and resection 
is controversial. Most patients with MEN1 have 
multiple duodenal gastrinomas and very frequently 
have lymph node metastases at the time of surgery. It is 
currently unclear if aggressive surgical treatment with 
resection will alter survival in these patients. Current 
recommendations are based on the tumor size, as studies 
have shown a 15-year survival rate of 100% with PETs 
<2 cm in patients with MEN1 and Z-E syndrome.20 In 
patients with lesions >2 cm, surgical exploration is 
recommended, with pancreaticoduodenectomy being 
the preferred surgical option.5

Glucagonoma

Diagnosis

Glucagonomas lead to symptomatic presentations of 
hyperglucagonemia. These tumors lead to glucose 
intolerance, weight loss, and the pathognomonic rash 
of migratory necrolytic erythema.13 In addition to 

(continued on page 22)

Figure 2. Endoscopic ultrasound image of suspected insulinoma in 
the neck of the pancreas.
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this dermatologic finding, the classic associations are 
represented as the “4Ds”—diabetes mellitus, dermatitis, 
deep vein thrombosis, and depression.2 Migratory 
necrolytic erythema is characterized by erythematous 
macules, which develop into papules, become necrotic, 
and form pigmented scars upon healing.13 Studies 
have demonstrated that this rash occurs as a direct 
result of glucagon infusions, but it can also be seen 
in other conditions such as celiac disease, cirrhosis, 
and pancreatitis.13, 21-23 These tumors occur slightly 
more commonly in women and are most common in 
individuals from 50 to 70 years old.5 Similar to other 
PETs, the diagnosis of glucagonoma is often delayed as 
the symptoms are initially unrecognized, with the mean 
time to diagnosis occurring after 7 years.13 Tumors are 
often large at the time of presentation, with a mean size 
of 6 cm.2 The majority (60% to 70%) of glucagonomas 
are malignant and very commonly are metastasize to 
the liver at the time of diagnosis.2

If glucagonoma is suspected, the diagnosis can 
be confirmed by increased levels of serum glucagon. 
Serum glucagon levels greater than 500-1000 pg/
mL are diagnostic for the majority of patients.5 False 
positive results can be seen with other conditions, 
such as cirrhosis, chronic renal insufficiency, diabetic 
ketoacidosis, prolonged starvation, acute pancreatitis, 
celiac disease, acromegaly, hypercorticism, and severe 
stress including burns and septicemia, with values not 
exceeding 500 pg/mL, except in the case of cirrhosis. 
Various provocative tests have been described, but 
at the present time, no additional testing has proven 
useful in the diagnosis of glucagonoma.5 Localization 
of the primary tumor can be performed with multiphasic 
contrast enhanced CT or MRI and SRS.12

Treatment
When feasible, surgical resection should be considered 
in all patients diagnosed with glucagonoma, as these 
tumors are generally malignant. Many patients 
diagnosed with glucagonoma are poor candidates 
for operative procedures due to the catabolic effects 
of glucagon combined with glucose intolerance and 
high risk of venous thromboembolism. Initial medical 
treatment is important and can be directed at control 
of symptoms and correction of the poor nutritional 
status. Blood transfusions can be given in patients with 
severe anemia prior to surgery. A period of extended 
hyperalimentation, often requiring total parenteral 

(continued from page 20)

Figure 3. CT, MRI, and Somatostatin Receptor Scinigraphy in a 
patient with metastatic gastrinoma.  (A) CT image with liver metastasis 
of gastrinoma indicated by yellow arrowhead.  (B) MRI demonstrating 
metastatic gastrinoma to the liver indicated by yellow arrowhead. 
(C) Octreoscan image demonstrating tracer uptake in the liver.
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nutrition, is also recommended, and should include 
replacement of plasma amino acids and essential fatty 
acids. Treatment with octreotide can help in symptom 
control in glucagonoma, as it improves symptoms of 
weight loss, abdominal pain, and diarrhea. It can also 
improve the rash associated with glucagonoma in 54% 
to 90% of patients.5

It is estimated that 50% to 90% of patients with 
glucagonoma have metastatic disease at the time of 
diagnosis and <20% of patients have the potential of 
a surgical cure.5 Despite this fact, surgical treatment 
by tumor debulking is an option and can provide an 
extended disease-free interval in these patients.

VIPoma

Diagnosis

Tumors producing vasoactive intestinal peptide (VIP) 
lead to a syndrome characterized by large-volume 
secretory diarrhea, hypokalemia, and hypochlorhydria, 
commonly called the Verner-Morrison syndrome.5 
Additional terms used to describe this syndrome 
include pancreatic cholera and WDHA syndrome 
(watery diarrhea, hypokalemia, and achlorhydria). The 
diarrhea characteristic of this syndrome is voluminous, 
sometimes > 3L/day, and will persist upon fasting.5 
Other associated symptoms include dehydration, 
hyperglycemia, hypercalcemia, and flushing.13 The 

mean age at time of diagnosis of this syndrome is 42 
to 51 years.5

The diagnosis of VIPoma is made with elevation of 
plasma concentration of VIP along with large-volume 
secretory diarrhea. Multiple other conditions can be 
associated with a similar secretory diarrhea, including 
other PETs, such as gastrinoma, but most causes can be 
ruled out with other biochemical testing. Normal fasting 
VIP levels vary by laboratory, with a usual range of 0 
to 190 pg/mL. In several large studies, the mean values 
for plasma VIP levels in VIPoma were 702 pg/mL (24) 
and 632 pg/mL.25 By current VIP radioimmunoassays, 
the sensitivity and specificity are reported to be 88% 
and 100%, respectively.26

Treatment
Initial medical management of VIPoma consists 
of aggressive correction of dehydration, often with 
requirements of 5 L/day, as well as correction of 
hypokalemia, with some requirements of more than 350 
mEq/day of potassium. Renal failure and heart failure 
are potential complications of the extreme electrolyte 
abnormalities, so volume replacement and electrolyte 
correction should always be carefully monitored.5 
Long-acting somatostatin analogs, such as octreotide, 
are the mainstay of medical treatment and control of 
diarrhea in patients with VIPoma. Short and long-
term diarrhea is controlled with octreotide in 78% to 
100% of patients.24, 27 The tumors which secrete VIP 
are typically solitary pancreatic lesions >3 cm in size; 
however, up to 70% to 80% of tumors may be metastatic 
at the time of diagnosis.2 After the primary tumor is 
localized by imaging studies, surgical treatment may 
be an option in patients without metastatic disease. 
Surgical resection has shown a cure rate of 30% to 
33%.24 Long-term octreotide is also an option for 
patients with unresectable or metastatic VIPomas, and 
can decrease annual medical costs in these patients by 
up to 50%.5

Somatostatinomas

Diagnosis

Somatostatinomas are one of the least common types 
of functional PETs. They release large amounts of 
somatostatin and can lead to a distinct somatostatinoma 
syndrome, characterized by diabetes mellitus, 
gallbladder disease including cholelithiasis and 
biliary sludge, diarrhea, and weight loss.5 There is 

Figure 4. Algorithm for management of advanced or metastatic 
neuroendocrine tumors of the pancreas.
Adapted from NCCN Guidelines, Version 1.2011, accessed at: 
http://www.nccn.org/professionals/physician_gls/pdf/neuroendocrine.pdf
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no agreed upon definition of somatostatinoma in the 
literature, and many cases are described as a PET with 
evidence of somatostatin immunoreactivity, but with 
no clinical syndrome. It is generally agreed that the 
term somatostatinoma syndrome should be reserved 
for cases only with the specific clinical syndrome. 
In regards to somatostatinomas of pancreatic origin, 
>90% produce the somatostatinoma syndrome, as 
opposed to tumors originating in the duodenum, 
which are accompanied by the syndrome in <20% of 
cases.5, 28-30 The majority of patients diagnosed with 
somatostatinoma are symptomatic, with the symptoms 
most commonly related to the mass itself and not due to 
ectopic production of somatostatin. Common symptoms 
include abdominal pain (40%), weight loss (26%), 
jaundice (23%), diarrhea (18%), nausea and vomiting 
(16%), and abdominal tumor or hepatomegaly (22%).5 
The characteristic symptoms of the somatostainoma 
syndrome may not develop until somatostatin blood 
levels are high, which usually occurs with a large 
tumor and late in the course of disease. Most cases of 
somatostatinoma are identified on imaging procedures 
for other complaints or at the time of laparotomy for 
cholecystectomy.5

The diagnosis of somatostatinoma is made 
by identifying a neuroendocrine tumor with 
immunocytochemistry demonstrating increased 
numbers of somatostain-containing D cells. An elevated 
plasma level of somatostatin is used to confirm the 
diagnosis of somatostatinoma syndrome and commonly 
is elevated in pancreatic somatostainoma, but levels 
may be normal or inconclusive in masses originating in 
the duodenum or other portions of the small intestine. 
In addition, there is no stimulation testing available, 
which will differentiate somatostatinoma from normal 
somatostain release from D cells. Diagnosis is based 
on recognition of clinical features and measurement 
of plasma somatostatin levels in patients with typical 
symptoms, including development of diabetes with no 
known risk factors, presence of gallbladder disease with 
a known pancreatic mass, or history of unexplained 
diarrhea.28

Treatment
Treatment of symptoms caused by somatostatinoma 
focus on nutritional deficiencies, diabetes, and diarrhea. 
Diabetes associated with somatostatinoma is typically 
mild and can be managed appropriately with oral 
medications or low doses of insulin. Case reports have 

shown some success with the use of octreotide for control 
of both hyperglycemia associated with diabetes, as well 
as diarrhea. Due to the diagnosis of somatostatinoma 
occurring late, surgical cure of the disease is not usually 
possible, but there is a substantial difference in mortality 
associated with metastatic disease. The 5-year survival 
rate of patients with no metastases approaches 100% as 
compared with a survival rate of 33% to 60% in patients 
with metastases. Overall, current data advise, that when 
feasible, surgical resection should be performed.

Management of Metastatic PETs
Compared with the more common malignant tumors 
such as adenocarcinoma, metastatic PETs are relatively 
slow growing. Before recent advances in the treatment 
of excess hormone production from these tumors, many 
patients died of complications of hormone excess 
instead of effects of the tumor itself. However, with 
the currently available treatment options for hormone 
excess, long-term outcome in patients with PETs has 
been shown to be directly related to the growth pattern of 
the tumor. Given the slow progression of these tumors, 
many patients with malignant PETs have evidence of 
metastatic disease, commonly to the liver, at the time of 
diagnosis. Treatment options are highly dependent on 
the patient’s symptoms, burden of tumor, and stability 
of the disease. In those patients who are diagnosed 
with metastatic neuroendocrine tumor and appear to 
have stable disease with low tumor burden and are not 
demonstrating symptoms, observation is recommended 
with imaging and tumor marker measurement every 
3-12 months.12

Most experts agree that treatment for metastatic 
disease from neuroendocrine tumors is warranted if there 
is evidence of increased size or extent of the metastases 
or symptoms due to hormone excess. With the exception 
of insulinomas, 90% of PETs possess receptors for 
somatostatin, making somatostatin analogs viable 
treatment options.  Although somatostatin analogs lead 
to decreased tumor size in only 17% of patients, they 
lead to stabilization of metastatic disease in 30% to 80% 
of patients. Some studies have also demonstrated the 
benefit of interferon-α, with stabilization of disease in 
75% to 80% of patients. Interferon-α has also been used 
in combination with octreotide in some studies, but the 
use of this combination remains controversial as studies 
have not reliably demonstrated that the combination is 
better than either drug used alone.5
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In patients with limited hepatic metastases, surgical 
debulking or cytoreductive surgery is recommended. 
However, only a small amount of patients (5% to 15%) 
have resectable disease at the time of diagnosis. Studies 
have shown increased survival in patients undergoing 
resection, with 5-year survival rates of 75% to 80% and 
occasional reported cures.31 Resection of the primary 
tumor and liver metastases should be carried out in 
a synchronous fashion, with hepatectomy preceding 
pancreatic resection to reduce the risk of perihepatic 
sepsis associated with a contaminated biliary tree.32

In patients with hepatic metastatic disease that is 
not amenable to resection, several additional options 
exist for treatment. Radiofrequency thermal ablation 
(RFA) is useful for liver metastases limited in number, 
usually ≤5, and small, usually <3.5 cm.  Response rates 
are as high as 80% and can last as long as two years. 
Hepatic artery embolization and chemoembolization 
has also been successfully used in metastatic PETs. 
Symptomatic improvement has been seen in up to 68% 
to 100% of treated patients, and tumor size is decreased 
in 37% to 100%. As opposed to RFA, which has a 
relatively low procedure-related mortality (15%-20%), 
hepatic artery embolization and chemoembolization 
is very commonly associated with abdominal pain, 
nausea, vomiting, and fever, and is associated with 
severe complications in 10% to 15% of patients. There 
are, however, no randomized clinical trials evaluating 
the effectiveness of these treatment options, and only 
limited prospective data.

If the patient’s disease becomes symptomatic or 
there is evidence increasing mass and progression 
of disease, several treatment options are available. 
Traditional chemotherapy agents have demonstrated 
efficacy in PETs, with the use of doxorubicin, 
streptozocin, temozolomide, and capcitabine described.  
Two biologically targeted agents have recently been 
shown in two multi-center, randomized, placebo-
controlled studies, to have anti-tumor activity against 
PETs and improve progression-free survival. In the 
RADIANT-3 trial, an oral inhibitor of mammalian 
target of rapamycin (mTOR), everolimus given at 10mg 
once daily, was shown to have a median progression-
free survival of 11.0 months, an increase from 4.6 
months when compared with placebo, (P<0.001) (33). 
Similarly, the multi-targeted tyrosine kinase inhibitor 
sunitinib, administered orally at 37.5mg once daily, 
was shown to have a median progression-free survival 

of 11.4 months compared with 5.5 months for patients 
receiving placebo (P<0.001).34 In fact, this study was 
discontinued early, after more serious events and deaths 
were observed in the placebo group and the difference 
in the primary end point of progression-free survival 
favored sunitinib (Figure 4.).

Summary
Neuroendocrine tumors of the pancreas are rare lesions 
that may present with a variety of different hormonal 
excess states in addition to the finding of incidental 
masses of abdominal imaging procedures but are also 
commonly discovered only after the development 
of metastatic disease. Despite the many advances in 
the diagnosis and management of these tumors and 
associated hormone syndromes in recent years, there 
has not been a change in overall survival over the 
past 30 years, and diagnosis of these tumors is often 
delayed. A high clinical index of suspicion is needed 
to make a diagnosis, which is first accomplished with 
confirmatory testing of hormonal excess, followed by 
localization procedures. Various imaging procedures, 
as well as the use of EUS, have helped to identify many 
of these tumors and guide their treatment. Treatment 
of these tumors is focused on the alleviation of any 
symptoms caused by hormonal excess as well as 
the prevention of progression to metastatic disease. 
Octreotide continues to be a mainstay for pharmacologic 
treatment of symptoms associated with neuroendocrine 
tumors and may also lead to regression of tumor growth. 
Surgical resection and debulking is preferred when 
feasible, but several additional options are available 
for localized treatment of metastatic disease. The recent 
development of two biologically targeted therapies has 
expanded the treatment options for these tumors and has 
shown promise in increasing survival in those patients 
diagnosed with metastatic PETs. Patients diagnosed 
with PETs require a multidisciplinary approach, 
with collaboration between medical oncologists, 
endocrinologists, gastroenterologists, pathologists, and 
surgeons, to ensure the best outcomes are achieved. n
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