2340 measurable growth over a 6-month period. The treatment of func-

tioning (e.g., hormone-secreting) adrenal tumors is similar to that
for tumors occurring in non–MEN 1 patients.
Meningioma Central nervous system (CNS) tumors, including ependymomas, schwannomas, and meningiomas, have been reported in MEN 1
patients (Table 408-1). Meningiomas are found in <10% of patients with
other clinical manifestations of MEN 1 (e.g., primary hyperparathyroidism) for >15 years. The majority of meningiomas are not associated with
symptoms, and 60% do not enlarge. The treatment of MEN 1–associated
meningiomas is similar to that in non–MEN 1 patients.
Lipomas Subcutaneous lipomas occur in >33% of patients with MEN
1 (Table 408-1) and are frequently multiple. In addition, visceral,
pleural, or retroperitoneal lipomas may occur in patients with MEN 1.
Management is conservative. However, when surgically removed for
cosmetic reasons, they typically do not recur.
Facial Angiofibromas and Collagenomas The occurrence of multiple
facial angiofibromas in patients with MEN 1 may range from >20 to
>90%, and occurrence of collagenomas may range from 0 to >70%
(Table 408-1). These cutaneous findings may allow presymptomatic
diagnosis of MEN 1 in the relatives of a patient with MEN 1. Treatment
for these cutaneous lesions is usually not required.
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Thyroid Tumors Thyroid tumors, including adenomas, colloid goiters,
and carcinomas, have been reported to occur in >25% of patients with
MEN 1. However, the prevalence of thyroid disorders in the general
population is high, and it has been suggested that the association of
thyroid abnormalities in patients with MEN 1 may be incidental. The
treatment of thyroid tumors in MEN 1 patients is similar to that for
non–MEN 1 patients.
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Genetics and Screening The MEN1 gene is located on chromosome 11q13 and consists of 10 exons, which encode a 610–
amino acid protein, menin, that regulates transcription, genome
stability, cell division, and proliferation. The pathophysiology of MEN
1 follows the Knudson two-hit hypothesis with a tumor-suppressor
role for menin. Inheritance of a germline MEN1 mutation predisposes
an individual to developing a tumor that arises following a somatic
mutation, which may be a point mutation or more commonly a deletion, leading to loss of heterozygosity (LOH) in the tumor DNA. The
germline mutations of the MEN1 gene are scattered throughout the
entire 1830-bp coding region and splice sites, and there is no apparent
correlation between the location of MEN1 mutations and clinical
manifestations of the disorder, in contrast with the situation in patients
with MEN 2 (Table 408-1). More than 10% of MEN1 germline mutations arise de novo and may be transmitted to subsequent generations.
Some families with MEN 1 mutations develop parathyroid tumors as
the sole endocrinopathy, and this condition is referred to as familial
isolated hyperparathyroidism (FIHP). However, between 5 and 25% of
patients with MEN 1 do not harbor germline mutations or deletions of
the MEN1 gene. Such patients with MEN 1–associated tumors but
without MEN1 mutations may represent phenocopies or have mutations involving other genes. Other genes associated with MEN 1–like
features include: CDC73, which encodes parafibromin, whose mutations result in the hyperparathyroid-jaw tumor syndrome; the calciumsensing receptor gene (CaSR), whose mutations result in familial
benign hypocalciuric hypercalcemia (FBHH); and the aryl hydrocarbon receptor interacting protein gene (AIP), a tumor suppressor
located on chromosome 11q13 whose mutations are associated with
familial isolated pituitary adenomas (FIPA). Genetic testing to determine the MEN1 mutation status in symptomatic family members
within a MEN 1 kindred, as well as to all index cases (e.g., patients) with
two or more endocrine tumors, is advisable. If an MEN1 mutation is
not identified in the index case with two or more endocrine tumors,
then clinical and genetic tests for other disorders such as hyperparathyroid-jaw tumor syndrome, FBHH, FIPA, MEN 2, or MEN 4 should be
considered, because these patients may represent phenocopies for
MEN 1.
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The current guidelines recommend that MEN1 mutational analysis
should be undertaken in: (1) an index case with two or more MEN 1–
associated endocrine tumors (e.g., parathyroid, pancreatic, or pituitary
tumors); (2) asymptomatic first-degree relatives of a known MEN1
mutation carrier; and (3) first-degree relatives of a MEN1 mutation
carrier with symptoms, signs, or biochemical or radiologic evidence for
one or more MEN 1–associated tumors. In addition, MEN1 mutational
analysis should be considered in patients with suspicious or atypical
MEN 1. This would include individuals with parathyroid adenomas
before the age of 30 years or multigland parathyroid disease; individuals
with gastrinoma or multiple pancreatic NETs at any age; or individuals
who have two or more MEN 1–associated tumors that are not part of
the classical triad of parathyroid, pancreatic islet, and anterior pituitary
tumors (e.g., parathyroid tumor plus adrenal tumor). Family members,
including asymptomatic individuals who have been identified to harbor
a MEN1 mutation, will require biochemical and radiologic screening
(Table 408-3). In contrast, relatives who do not harbor the MEN1
mutation have a risk of developing MEN 1–associated endocrine
tumors that is similar to that of the general population; thus, relatives
without the MEN1 mutation do not require repeated screening.
Mutational analysis in asymptomatic individuals should be undertaken at the earliest opportunity and, if possible, in the first decade of
life because tumors have developed in some children by the age of 5
years. Appropriate biochemical and radiologic investigations (Table
408-3) aimed at detecting the development of tumors should then
be undertaken in affected individuals. Mutant gene carriers should
undergo biochemical screening at least once per annum and also
have baseline pituitary and abdominal imaging (e.g., MRI or CT),
which should then be repeated at 1- to 3-year intervals (Table 408-3).
Screening should commence after 5 years of age and should continue
for life because the disease may develop as late as the eighth decade.
The screening history and physical examination elicit the symptoms
and signs of hypercalcemia, nephrolithiasis, peptic ulcer disease,
neuroglycopenia, hypopituitarism, galactorrhea and amenorrhea in
women, acromegaly, Cushing’s disease, and visual field loss and the
presence of subcutaneous lipomas, angiofibromas, and collagenomas. Biochemical screening should include measurements of serum
calcium, PTH, gastrointestinal hormones (e.g., gastrin, insulin with a
fasting glucose, glucagon, VIP, PP), chromogranin A, prolactin, and
IGF-I in all individuals. More specific endocrine function tests should
be undertaken in individuals who have symptoms or signs suggestive
of a specific clinical syndrome. Biochemical screening for the development of MEN 1 tumors in asymptomatic members of families with
MEN 1 is of great importance to reduce morbidity and mortality from
the associated tumors.
MULTIPLE ENDOCRINE NEOPLASIA TYPE 2 AND TYPE 3
Clinical Manifestations MEN type 2 (MEN 2), which is also called
Sipple’s syndrome, is characterized by the association of medullary
thyroid carcinoma (MTC), pheochromocytomas, and parathyroid
tumors (Table 408-1). Three clinical variants of MEN 2 are recognized: MEN 2A, MEN 2B, and MTC only. MEN 2A, which is often
referred to as MEN 2, is the most common variant. In MEN 2A, MTC
is associated with pheochromocytomas in 50% of patients (may be
bilateral) and with parathyroid tumors in 20% of patients. MEN 2A
may rarely occur in association with Hirschsprung’s disease, caused
by the absence of autonomic ganglion cells in the terminal hindgut,
resulting in colonic dilatation, severe constipation, and obstruction.
MEN 2A may also be associated with cutaneous lichen amyloidosis,
which is a pruritic lichenoid lesion that is usually located on the upper
back. MEN 2B, which is also referred to as MEN 3, represents 5% of
all cases of MEN 2 and is characterized by the occurrence of MTC and
pheochromocytoma in association with a Marfanoid habitus; mucosal
neuromas of the lips, tongue, and eyelids; medullated corneal fibers;
and intestinal autonomic ganglion dysfunction leading to multiple
diverticulae and megacolon. Parathyroid tumors do not usually occur
in MEN 2B. MTC only (FMTC) is a variant in which MTC is the sole
manifestation of the syndrome. However, the distinction between
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