significant number of patients cannot be cured surgically. In these
patients, long-acting somatostatin analogues such as octreotide
and lanreotide are the drugs of choice.
Octreotide/lanreotide will control the diarrhea short- and longterm in 75–100% of patients. In nonresponsive patients, the combination of glucocorticoids and octreotide/lanreotide has proved
helpful in a small number of patients. Other drugs reported to
be helpful in small numbers of patients include prednisone (60–
100 mg/d), clonidine, indomethacin, phenothiazines, loperamide,
lidamidine, lithium, propranolol, and metoclopramide. Treatment of
advanced disease with cytoreductive surgery, embolization, chemoembolization, chemotherapy, radiotherapy, radiofrequency ablation, and peptide receptor radiotherapy may be helpful (see below).

Diagnosis The diagnosis is established by histologic confirmation in
a patient without either the clinical symptoms or the elevated plasma
hormone levels of one of the established syndromes. The principal
difficulty in diagnosis is to distinguish an NF-pNET from a nonendocrine pancreatic tumor, which is more common, as well as from
a functional pNET. Even though chromogranin A levels are elevated
in almost every patient, this is not specific for this disease as it can be
found in functional pNETs, GI-NETs (carcinoids), and other neuroendocrine disorders. Plasma PP elevations should strongly suggest
the diagnosis in a patient with a pancreatic mass because it is usually
normal in patients with pancreatic adenocarcinomas. Elevated plasma
PP is not diagnostic of this tumor because it is elevated in a number of
other conditions, such as chronic renal failure, old age, inflammatory
conditions, alcohol abuse, pancreatitis, hypoglycemia, postprandially,
and diabetes. A positive somatostatin receptor scan in a patient with
a pancreatic mass should suggest the presence of pNET/NF-pNET
rather than a nonendocrine tumor.

treatment

nonfunctIonal PancreatIc
neuroenDocrIne tuMors (nf-pnets)

Overall survival in patients with sporadic NF-pNET is 30–63% at
5 years, with a median survival of 6 years. Unfortunately, surgical
curative resection can be considered only in a minority of these
patients because 64–92% present with diffuse metastatic disease.
Treatment needs to be directed against the tumor per se using the
various modalities discussed below for advanced disease. The treatment of NF-pNETs in either MEN 1 patients or patients with VHL is
controversial. Most recommend surgical resection for any tumor

HPIM19_Part07(A)_p0467-p0619.indd 571

GRFOMAS
GRFomas are NETs that secrete excessive amounts of growth hormone–
releasing factor (GRF) that cause acromegaly. GRF is a 44-amino-acid
peptide, and 25–44% of pNETs have GRF immunoreactivity, although it
is uncommonly secreted. GRFomas are lung tumors in 47–54% of cases,
pNETs in 29–30%, and SI carcinoids in 8–10%; up to 12% occur at other
sites. Patients have a mean age of 38 years, and the symptoms usually are
due to either acromegaly or the tumor per se. The acromegaly caused by
GRFomas is indistinguishable from classic acromegaly. The pancreatic
tumors are usually large (>6 cm), and liver metastases are present in
39%. They should be suspected in any patient with acromegaly and an
abdominal tumor, a patient with MEN 1 with acromegaly, or a patient
without a pituitary adenoma with acromegaly or associated with hyperprolactinemia, which occurs in 70% of GRFomas. GRFomas are an
uncommon cause of acromegaly. GRFomas occur in <1% of MEN 1
patients. The diagnosis is established by performing plasma assays for
GRF and growth hormone. Most GRFomas have a plasma GRF level
>300 pg/mL (normal <5 pg/mL men, <10 pg/mL women). Patients with
GRFomas also have increased plasma levels of insulin-like growth factor type I (IGF-I) similar to those in classic acromegaly. Surgery is the
treatment of choice if diffuse metastases are not present. Long-acting
somatostatin analogues such as octreotide and lanreotide are the agents
of choice, with 75–100% of patients responding.
OTHER RARE PANCREATIC NEUROENDOCRINE TUMOR SYNDROMES
Cushing’s syndrome (ACTHoma) due to a pNET occurs in 4–16% of all
ectopic Cushing’s syndrome cases. It occurs in 5% of cases of sporadic
gastrinomas, almost invariably in patients with hepatic metastases, and
is an independent poor prognostic factor. Paraneoplastic hypercalcemia
due to pNETs releasing parathyroid hormone–related peptide (PTHrP),
a PTH-like material, or unknown factor, is rarely reported. The tumors
are usually large, and liver metastases are usually present. Most (88%)
appear to be due to release of PTHrP. pNETs occasionally can cause the
carcinoid syndrome. A number of very rare pNET syndromes involving
a few cases (less than five) have been described; these include a reninproducing pNET in a patient presenting with hypertension; pNETs
secreting luteinizing hormone, resulting in masculinization or decreased
libido; a pNET secreting erythropoietin, resulting in polycythemia;
pNETs secreting IGF-II, causing hypoglycemia; and pNETs secreting
enteroglucagon, causing small intestinal hypertrophy, colonic/SI stasis,
and malabsorption (Table 113-2). A number of other possible functional
pNETs have been proposed, but most authorities classify these as unclear
or as a nonfunctional pNET because in each case numerous patients have
been described with similar plasma hormone elevations that do not cause
any symptoms. These include pNETs secreting calcitonin, neurotensin
(neurotensinoma), PP (PPoma), and ghrelin (Table 113-2).

Chapter 113 Endocrine Tumors of the Gastrointestinal Tract and Pancreas

NONFUNCTIONAL PANCREATIC NEUROENDOCRINE TUMORS (NF-pNETs)
NF-pNETs are NETs that originate in the pancreas and either
secrete no products or their products do not cause a specific clinical syndrome. Their symptoms are due entirely to the tumor per se.
NF-pNETs secrete chromogranin A (90–100%), chromogranin B
(90–100%), α-HCG (human chorionic gonadotropin) (40%), neuronspecific enolase (31%), and β-HCG (20%), and because 40–90% secrete
PP, they are also often called PPomas. Because the symptoms are due
to the tumor mass, patients with NF-pNETs usually present late in the
disease course with invasive tumors and hepatic metastases (64–92%),
and the tumors are usually large (72% >5 cm). NF-pNETs are usually
solitary except in patients with MEN 1, in which case they are multiple. They occur primarily in the pancreatic head. Even though these
tumors do not cause a functional syndrome, immunocytochemical
studies show that they synthesize numerous peptides and cannot be
distinguished from functional pNETs by immunocytochemistry. In
MEN 1, 80–100% of patients have microscopic NF-pNETs, but they
become large or symptomatic in a minority (0–13%) of cases. In VHL,
12–17% develop NF-pNETs, and in 4%, they are ≥3 cm in diameter.
The most common symptoms are abdominal pain (30–80%), jaundice (20–35%), and weight loss, fatigue, or bleeding; 10–35% are found
incidentally. The average time from the beginning of symptoms to
diagnosis is 5 years.

>2–3 cm in diameter; however, there is no consensus on smaller 571
NF-pNETs in these inherited disorders, with most recommending
careful surveillance of these patients. The treatment of small sporadic, asymptomatic NF-pNETs (≤2 cm) is also controversial. Most
of these are low- or intermediate-grade lesions, and <7% are malignant. Some advocate a nonoperative approach with careful, regular
follow-up, whereas other recommend an operative approach with
specially consideration for a laparoscopic surgical approach.

TUMOR LOCALIZATION
Localization of the primary tumor and knowledge of the extent of the
disease are essential to the proper management of all GI-NETs (carcinoids) and pNETs. Without proper localization studies, it is not possible to determine whether the patient is a candidate for surgical resection (curative or cytoreductive) or requires antitumor treatment, to
determine whether the patient is responding to antitumor therapies, or
to appropriately classify/stage the patient’s disease to assess prognosis.
Numerous tumor localization methods are used in both types of
NETs, including cross-sectional imaging studies (CT, magnetic resonance imaging [MRI], transabdominal ultrasound), selective angiography, somatostatin receptor scintigraphy (SRS), and positron emission
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