TAblE 408-2 mulTiPlE EnDoCRinE AnD oTHER oRgAn nEoPlASiA
SynDRomES (mEons)
Diseasea
Hyperparathyroidism-jaw tumor
(HPT-JT)
Carney complex
CNC1
CNC2
von Hippel-Lindau disease (VHL)
Neurofibromatosis type 1 (NF1)
Cowden’s syndrome (CWD)
CWD1
CWD2
CWD3
CWD4
CWD5
CWD6
McCune-Albright syndrome (MAS)

Gene Product
Parafibromin

Chromosomal
Location
1q31.2

PPKAR1A
?b
pVHL (elongin)
Neurofibromin

17q24.2
2p16
3p25
17q11.2

PTEN
SDHB
SDHD
KLLN
PIK3CA
AKT1
Gsα

10q23.31
1p36.13
11q23.1
10q23.31
3q26.32
14q32.33
20q13.32

The inheritance for these disorders is autosomal dominant, except MAS, which is due to
mosaicism that results from the postzygotic somatic cell mutation of the GNAS1 gene,
encoding Gsα. b?, unknown.

a

TREATmEnT

Gastrinoma

Medical treatment of patients with MEN 1 and Zollinger-Ellison syndrome is directed toward reducing basal acid output to <10 mmol/L.
Parietal cell H+-K+-adenosine triphosphatase (ATPase) inhibitors
(e.g., omeprazole or lansoprazole) reduce acid output and are the
drugs of choice for gastrinomas. Some patients may also require
additional treatment with the histamine H2 receptor antagonists,
cimetidine or ranitidine. The role of surgery in the treatment of
gastrinomas in patients with MEN 1 is controversial. The goal of surgery is to reduce the risk of distant metastatic disease and improve
survival. For a nonmetastatic gastrinoma situated in the pancreas,
surgical excision is often effective. However, the risk of hepatic
metastases increases with tumor size, such that 25–40% of patients

Insulinoma These β islet cell insulin-secreting tumors represent
10–30% of all pancreatic tumors in patients with MEN 1. Patients
with an insulinoma present with hypoglycemic symptoms (e.g., weakness, headaches, sweating, faintness, seizures, altered behavior, weight
gain) that typically develop after fasting or exertion and improve
after glucose intake. The most reliable test is a supervised 72-h fast.
Biochemical investigations reveal increased plasma insulin concentrations in association with hypoglycemia (Table 408-3). Circulating concentrations of C peptide and proinsulin, which are also increased, are
useful in establishing the diagnosis. It also is important to demonstrate
the absence of sulfonylureas in plasma and urine samples obtained
during the investigation of hypoglycemia (Table 408-3). Surgical
success is greatly enhanced by preoperative localization by endoscopic
ultrasonography, CT scanning, or celiac axis angiography. Additional
localization methods may include preoperative and perioperative percutaneous transhepatic portal venous sampling, selective intraarterial
stimulation with hepatic venous sampling, and intraoperative direct
pancreatic ultrasonography. Insulinomas occur in association with
gastrinomas in 10% of patients with MEN 1, and the two tumors may
arise at different times. Insulinomas occur more often in patients with
MEN 1 who are younger than 40 years, and some arise in individuals
younger than 20 years. In contrast, in patients without MEN 1, insulinomas generally occur in those older than 40 years. Insulinomas may
be the first manifestation of MEN 1 in 10% of patients, and approximately 4% of patients with insulinomas will have MEN 1.

CHAPTER 408 Multiple Endocrine Neoplasia

Ultrasonography, endoscopic ultrasonography, computed tomography
(CT), nuclear magnetic resonance imaging (MRI), selective abdominal
angiography, venous sampling, and somatostatin receptor scintigraphy
are helpful in localizing the tumor prior to surgery. Gastrinomas represent more than 50% of all pancreatic NETs in patients with MEN 1, and
approximately 20% of patients with gastrinomas will be found to have
MEN 1. Gastrinomas, which may also occur in the duodenal mucosa,
are the major cause of morbidity and mortality in patients with MEN
1. Most MEN 1 gastrinomas are malignant and metastasize before a
diagnosis is established.

with pancreatic NETs >4 cm develop hepatic metastases, and 2337
50–70% of patients with tumors 2–3 cm in size have lymph node
metastases. Survival in MEN 1 patients with gastrinomas <2.5 cm in
size is 100% at 15 years, but 52% at 15 years, if metastatic disease is
present. The presence of lymph node metastases does not appear
to adversely affect survival. Surgery for gastrinomas that are >2–2.5
cm has been recommended, because the disease-related survival in
these patients is improved following surgery. In addition, duodenal
gastrinomas, which occur more frequently in patients with MEN
1, have been treated successfully with surgery. However, in most
patients with MEN 1, gastrinomas are multiple or extrapancreatic,
and with the exception of duodenal gastrinomas, surgery is rarely
successful. For example, the results of one study revealed that only
~15% of patients with MEN 1 were free of disease immediately
after surgery, and at 5 years, this number had decreased to ~5%;
the respective outcomes in patients without MEN 1 were better, at
45% and 40%. Given these findings, most specialists recommend
a nonsurgical management for gastrinomas in MEN 1, except as
noted earlier for smaller, isolated lesions. Treatment of disseminated gastrinomas is difficult. Chemotherapy with streptozotocin
and 5-fluorouracil; hormonal therapy with octreotide or lanreotide,
which are human somatostatin analogues; hepatic artery embolization; administration of human leukocyte interferon; and removal of
all resectable tumor have been successful in some patients.

TAblE 408-3 bioCHEmiCAl AnD RADiologiCAl SCREEning in mulTiPlE EnDoCRinE nEoPlASiA TyPE 1
Tumor
Parathyroid
Pancreatic NETs
Gastrinoma
Insulinoma
Other pancreatic NET

Age to Begin (Years)
8

Biochemical Test (Plasma or Serum) Annually
Calcium, PTH

Imaging Test (Time Interval)
None

20
5
<10

None
None
MRI, CT, or EUS (annually)

Anterior pituitary
Adrenal

5
<10

Thymic and bronchial
carcinoid

15

Gastrin (± gastric pH)
Fasting glucose, insulin
Chromogranin A; pancreatic polypeptide, glucagon,
vasoactive intestinal peptide
Prolactin, IGF-I
None unless symptoms or signs of functioning tumor
and/or tumor >1 cm identified on imaging
None

MRI (every 3 years)
MRI or CT (annually with pancreatic imaging)
CT or MRI (every 1–2 years)

Abbreviations: CT, computed tomography; EUS, endoscopic ultrasound; IGF-I, insulin-like growth factor I; MRI, magnetic resonance imaging; PTH, parathyroid hormone.
Source: Reproduced from RV Thakker et al: J Clin Endocrinol Metab 97:2990, 2012.
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