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abstract:

Multiple Endocrine Neoplasia type 2 (MEN 2) is an autosomal dominant cancer
syndrome characterized by variable penetrance of medullary thyroid carcinoma

(MTC), pheochromocytoma (PHEO), and primary hyperparathyroidism (PHPT).
MEN 2 consists of two clinical subtypes, MEN 2A and MEN 2B. Familial Medullary

Thyroid Cancer (FMTC) is now viewed as a phenotypic variant of MEN 2A with
decreased penetrance for PHEO and PHPT rather than a distinct entity. All subtypes

are caused by gain-of-function mutations of the RET proto-oncogene. Genotype-

phenotype correlations exist that help predict the presence of other associated

endocrine neoplasms as well as the timing of thyroid cancer development.
Recognition of the clinical entity in individuals and families at risk of harboring a
germline RET mutation is crucial for the management and prevention of associated

malignancies. Recent guidelines released by the American Thyroid Association

(ATA) regarding the management of MTC will be summarized in this chapter.
Overview:

MEN 2 occurs in 1:200,000 live births, and is an autosomal dominant syndrome

characterized by predisposition to neuroendocrine tumors [1]. The first clinical

subtype of MEN 2, MEN 2A is characterized by medullary thyroid cancer (MTC),
pheochromocytoma (PHEO), and primary hyperparathyroidism (PHPT). MEN 2A

accounts for 70-80% of individuals with MEN 2. MTC is frequently the first
neoplastic manifestation in MEN 2A patients, with thyroid cancer occurring as early
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as in the first 5 years of life. MTC is a calcitonin-producing tumor that arises from

the parafollicular C cells of the thyroid gland, which are derived from the embryonic

neural crest. Two rare variants of MEN 2A have been identified, one with
Hirschsprung’s disease and the other with cutaneous lichen amyloidosis [2, 3]. In

families without an established diagnosis of MEN 2A, patients typically present with

a neck mass between the ages of 15 and 20 years. The risk of developing MTC in
MEN 2A is between 70 and 95%, while approximately 50% of individuals with MEN

2A develop PHEO and 10-30% develop primary PHPT [4, 5].

The second inherited subtype of MEN 2, MEN 2B, accounts for only 5% of MEN 2.
MEN 2B is characterized by MTC in all affected individuals, in addition to variable

presentation of PHEO, a Marfanoid body habitus, mucosal and eyelid neuromas, and
ganglioneuromatosis of the gastrointestinal tract (Figure 1). Patients with MEN 2B
do not develop PHPT. Distinct early clinical manifestations in MEN 2B include

inability to shed tears and gastrointestinal symptoms including abdominal
distension, megacolon, diarrhea, or constipation [6, 7]. MTC in MEN 2B is
characterized by a clinically aggressive course; affected individuals who do not

undergo prophylactic thyroidectomy in infancy are likely to develop metastatic MTC.
Prior to the recommendation for prophylactic thyroidectomy, the mean age of death

in MEN 2B was 21 years [1]. Approximately 50% of individuals with MEN 2B
develop PHEOs, which are often bilateral.

Familial MTC (FMTC) was previously categorized as a separate, third subtype of

MEN 2A. Now, however, FMTC is viewed as a phenotypic variant of MEN 2A with

decreased penetrance for PHEO and primary PHPT rather than a distinct entity [8].
FMTC accounts for 10% to 20% of MEN 2 cases; only the thyroid gland is affected in

these patients by definition. In general, FMTC patients present later with MTC than
those with MEN 2A or MEN 2B, usually between 20 and 40 years of age.

MTC is the most common cause of death in patients with MEN 2A, MEN 2B, and

FMTC [9]. Carriers of all variants of inherited MTC have a high penetrance for
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developing thyroid cancer: 90% of carriers of such predisposition eventually are

diagnosed with MTC and present with a palpable thyroid nodule or elevation of
calcitonin levels [10]. The most frequent systemic manifestation of MTC is diarrhea,

which is associated with elevated plasma calcitonin and poor prognosis. On

histopathology, MTC is a malignant tumor originating from the calcitonin-producing
(C cells) of the thyroid gland (Figure 2a&b). C-cell hyperplasia is a precursor to MTC,

in which clusters of C-cells extend beyond the basement membrane. Positive
immunohistochemical staining with calcitonin antibodies is also found in MTC

(Figure 2c).
History

MEN 2 is the first inherited neoplasia syndrome in which a clear genotype-

phenotype association was made, notably between the RET genotype and the MEN 2

phenotype [5]. MEN 2A was originally described by Sipple, who in 1961 published

the case of a man who died of intracranial hemorrhage and autopsy findings were
consistent with PHEO, MTC, and parathyroid hyperplasia [11]. The following year,

Cushman put forth a link between these endocrine tumors, which led to the
classification of MEN 2 as a unique entity [12]. Linkage analysis in families with

MEN 2 led to the discovery of the RET proto-oncogene in chromosome 10 as the
causative gene in this syndrome in 1993 [13-15].

In 1966 the constellation of findings associated with MEN 2B including thick lips,

tongue lesions, MTC, and PHEO was described in a patient and his family members
by Williams and Pollock [16]. Nearly 30 years later in 1994, distinct activating

mutations in the RET proto-oncogene were found to cause MEN 2B [17, 18].

Following these discoveries, it became possible to identify relatives of patients with
these syndromes who have inherited a mutated RET allele and in whom MTC is
almost certain to develop. Because MTC is not curable once it metastasizes beyond
the thyroid, it is now recommended that all patients with MTC and especially young
members of kindreds with MEN 2A and 2B have genetic screening performed to
determine if they are carriers of a RET mutation [19].
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Structure and function of RET
The RET proto-oncogene is located on chromosome 10q11.2 and includes 21 exons.

RET (REarranged during Transfection) was first identified by Takahashi et al. in
1985 [20]. RET encodes a receptor tyrosine kinase with key roles in cell growth,

differentiation, and survival. Receptor dimerization leads to autophosphorylation of
intracellular tyrosine residues, which subsequently activate downstream pathways

of signal transduction [21]. The role of the RET oncogene in the development of MTC
has been well characterized. Activating RET germline mutations have been

identified as the primary cause of all the hereditary MTC syndromes: approximately

a quarter to a third of all sporadic MTC cases and up to 98% of MEN 2 cases have a

germline RET mutation leading to constitutive activation of the RET receptor;

somatic RET mutations account for another quarter to half of all sporadic MTCs [5].

The specific site of the particular mutated residue within the RET protein has been

correlated to phenotypic differences among patients with inherited MTC. For
example, patients with MEN 2A characteristically have missense mutations in exon

10 (codons 609, 610, 611, 618, 620) and exon 11 (codon 634) [19]. These mutations

affect one of the six cysteine residues present in the RET extracellular domain [22].

Mutations in these cysteine residues lead to receptor homodimerization via the
formation of disulfide bonds, rendering the receptor activated regardless of the

presence of ligand. The natural history of MTC in MEN 2A is highly variable between
different RET mutations and even among members of the same family. In the case of
MEN 2B, more than 95 percent of patients have a mutation at exon 16 (codon 918),

in the tyrosine kinase domain of the protein. This mutation renders the receptor
activated in its monomeric state, and leads to increased phosphorylation of

intracellular tyrosine residues [23]. Patients with FMTC harbor mutations in exons
10, 11, 13 (codon 768), and 14 (codons 804, 806)[19].
RET gene and practice recommendations
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MEN 2 is a well-defined hereditary cancer syndrome in which genetic testing is
considered part of the standard management for relatives who are at-risk.
Therefore RET molecular genetic testing should be offered to at-risk family
members. The risk to family members of having a RET mutation differs according to

the subtype of MEN 2. In MEN 2A, the majority (95%) of individuals have inherited

the mutation from a parent, while the remaining 5% have a de-novo germline

mutation [24]. In contrast, in MEN 2B, approximately 50% of individuals have an
affected parent, while 50% represent de-novo germline mutations. As is the case
with autosomal dominant disorders, each child of an individual with MEN 2 has a
50% chance of inheriting the RET mutation. Early detection of at-risk children leads

to prophylactic thyroidectomy in a timely fashion, potentially averting the risk of
metastatic MTC.

Current practice recommends performing prophylactic thyroidectomy prior to the
development of MTC in at-risk patients [9]. In fact, total thyroidectomy is indicated

in patients with inherited RET mutations, regardless of the plasma calcitonin level.

Specific genotype-phenotype correlations have been established that associate the

clinical aggressiveness of MTC with the mutated codon of the RET protein, as

outlined in Table 1 [19]. Therefore, the timing and extent of prophylactic surgery is
dictated by germline analysis of mutations. The dilemma arises in terms of

balancing the risk of surgical morbidity from performing the thyroidectomy at an

early age with doing the surgery prior to the development of metastatic MTC. In

1999, the 7th International Workshop on MEN published a consensus statement that
was the first to classify RET mutations into risk levels. They correlated patient
genotypes with clinical aggressiveness of hereditary MTC, and created guidelines for

the timing of prophylactic thyroidectomy: the patients at highest risk include those

with MEN 2B and RET mutations in codons 883 or 918 [5, 19]. The guidelines call

for prophylactic thyroidectomy in these patients within the first year of life. Patients
with MEN 2A or FMTC who have mutations in codons 611, 618, 620, and 634 are at

high risk and thyroidectomy should be undertaken prior to the age of five years,

whereas the timing of surgery of patients with other mutations can be
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individualized; such a decision, however, should never be left for later than early

childhood [5, 9, 19]. In 2009, the American Thyroid Association (ATA) published

updated recommendations for clinical and genetic diagnostic testing and treatment
options for MTC, in which the age at which prophylactic thyroidectomy is performed
can be guided by the codon position of the RET mutation [8]. The risk of aggressive

MTC based on genotype are defined in the ATA guidelines, to summarize, level D
carries evidence of the highest risk and highest penetrance of developing aggressive

MTC. These risk levels are then used to guide the timing of prophylactic

thyroidectomy as outlined in Table 2. For those patients identified by screening to

have inherited a mutated RET allele who go on to have prophylactic thyroidectomy,

5 and 10-year survival rates approach 100% [9, 25, 26]. In patients with sporadic

MTC, however, genetic screening has rarely been applied; these patients often
present with metastatic disease [25, 26].

For individuals with a RET mutation who have not had a thyroidectomy, annual
biochemical screening with calcitonin is recommended, followed by thyroidectomy

if results are elevated. Calcitonin is secreted by the C-cells of the thyroid and is used

as a marker of disease in MTC. Historically, stimulated calcitonin testing was

performed by measurement of calcitonin following intravenous administration of
the secretagogue pentagastrin, which is not currently available in the United States

and many other countries. In addition, current calcitonin assays have superior

sensitivities, as low as 1–2 pg/mL. In the present time, most experts believe that

there is rarely a need for stimulated calcitonin testing in the diagnosis or follow-up

of MTC [8]. Guidelines call for annual serum calcitonin screening to begin for

children with MEN 2B at 6 months and at age 3-5 years for children with MEN 2A or
FMTC [8].

The molecular genetic basis of MEN 2 are germline mutations in the RET proto-

oncogene; mutations are listed in Table 1. The algorithm for molecular genetic

testing is presented in the most recent ATA MTC practice guidelines [8]. For all

patients with isolated MTC, or with MTC along with PHPT or PHEO, initial testing
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should include sequencing of exons 10, 11, and 13-16 of RET. If this initial testing is

negative, potential reflex testing should include full sequencing of the coding region.

For individuals with MTC along with features suggestive of MEN 2B, targeted
mutation analysis or sequencing of exons 15 and 16 for M918T and A883F is
warranted.

Summary of current optimal therapeutic practices
MTC

is

relatively unresponsive

to

radiation

therapy

and

to

standard

chemotherapeutic regimens [25, 27]. Radiation therapy has only a palliative role in

the treatment of MTC [28]. Surgery remains the only standard treatment for
patients with MTC: total thyroidectomy that is performed before MTC grows or
spreads beyond the gland is currently the only curative therapy. It is recommended
that surgery be performed by a center with experience in MEN 2. The thyroid

surgeon must incorporate knowledge of the patient’s genotype into the decision
regarding surgical approach. In a prophylactic thyroidectomy, a total thyroidectomy

should be performed, yet routine central compartment dissection is not warranted.
However, in the setting of a clinically evident tumor, central neck dissection should

be performed along with total thyroidectomy [8]. Specific recommendations
regarding evaluation and management of metastatic MTC are outlined in the ATA
guidelines and are beyond the scope of this chapter.

Once MTC metastasizes, it has a tendency to spread to local and regional lymph
nodes (cervical and mediastinal), and more distantly to lung, liver, and bone (Figure

3) [25]. Although MTC is often widely metastatic, it tends to be a slow growing
tumor. Patients with metastatic disease continue to have 5 and 10-year survival

rates of 80% and 70%, respectively. Decreased survival in MTC can be correlated
with the stage of diagnosis. Survival also varies by the extent of local disease, with
10-year survival rates as high as 95% for patients with disease confined to the
thyroid gland, and rates as low as 40% for those with distant metastases [29].
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Because approximately 50% of individuals with MTC have recurrent disease after
total thyroidectomy and neck dissection, surveillance for recurrent MTC is
paramount [30]. Annual serum calcitonin is indicated in all individuals with MTC

who have undergone thyroidectomy, with more frequent follow-up indicated for

those with residual disease [8]. Imaging indicated for localization of metastatic
disease in these patients includes neck ultrasound, chest and neck computed
tomography (CT), contrast-enhanced magnetic resonance imaging (MRI) of liver,

bone MRI of the spine and pelvis, as well as bone scan [8].
Treatment of MTC with Tyrosine Kinase Inhibitors

The only current cure for patients with MTC is total thyroidectomy performed at an
early stage, when the disease is confined to the thyroid gland. Standard
chemotherapy and radiation have not shown to be effective. Rationally designed

small molecular compounds that affect tyrosine kinase-dependent oncogenic

pathways, tyrosine kinase inhibitors (TKIs), have emerged recently as treatment for

patients with MTC. Vandetanib is an orally available TKI that targets vascular
endothelial growth factor-dependent tumor angiogenesis and epidermal growth
factor receptor and RET-dependent tumor cell proliferation.

Like other small

molecule TKIs in this class of anticancer agents, vandetanib competes with ATP and

blocks autophosphorylation and signal transduction. Vandetanib has been approved
by the Federal Drug Administration for use in patients with locally advanced or

metastatic medullary thyroid cancer based on results of a randomized, double blind
phase III trial [31]. Another tyrosine kinase inhibitors, sorafenib showed suggestion

of clinical benefit for patients with sporadic MTC in a phase II clinical trial [32].

Sunitinib has also shown effectiveness in MTC and well-differentiated thyroid
carcinoma in a phase II clinical trial [33]. The use of these agents is limited by the
development of resistance; multiple drug therapy may hold promise for future
studies.

Pheochromocytomas in MEN 2 Syndromes
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Pheochromocytomas develop in approximately 50% of patients with MEN 2A or

MEN 2B [34]. The timing of the development of PHEO is usually after the
presentation of MTC, however it is the presenting disease in 13 - 30% of individuals
with MEN 2A [35, 36]. Nodular or diffuse hyperplasia of the adrenal medulla occurs

as a precursor to the development of PHEO, and on histopathological examination,
bilateral adrenal medullary disease is usually found [34]. Malignant transformation
of PHEO occurs in approximately 4% of cases [37].

Evaluation and Treatment of Pheochromocytoma
Recommendations for the management of PHEO in MEN 2A syndromes have

evolved from bilateral adrenalectomy, to unilateral adrenalectomy, and most

recently to cortical-sparing adrenalectomy as the treatment of choice. Because of the
high likelihood of the development of a contralateral PHEO, older surgical

recommendations called for bilateral adrenalectomy in MEN 2A and MEN 2B once
the diagnosis of PHEO was made, regardless of clear evidence of tumor in both

glands. This approach led to the lifelong need for glucocorticoid replacement
therapy and the risk of death from adrenal insufficiency. In the 1990s

recommendations advocated for the more conservative approach of single gland

resection via laparoscopic adrenalectomy for unilateral disease. Lairmore et. Al
reported in their series of 23 patients with MEN 2 syndromes who underwent
unilateral adrenalectomy, 48% of the patients did not develop a PHEO in the

contralateral adrenal gland during at least 10 years of follow up. Even more recently,

minimally invasive cortical-sparing adrenalectomy has been very successful in

terms of both low risk of local recurrence and reducing the risk of addisonian crisis
[38, 39]. Azari et al. reported outcomes in 13 patients with MEN 2A and hereditary

PHEO who underwent adrenal sparing surgery; only 5 of the 13 patients (38%)

developed recurrence in the contralateral gland [39]. In addition 22% of their

patients experienced Addisonian crisis, including a death, after bilateral
adrenalectomy. Azari et al. concluded that cortical-sparing adrenalectomy and close

monitoring of the remnant may be the treatment of choice for hereditary bilateral
PHEO in MEN 2A, as overall recurrence is low [39].
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Screening for Pheochromocytoma
The majority of PHEOs in MEN 2A syndromes are intra-adrenal and benign,

however the potential for malignancy does exist. As is the case with the

development of MTC, there is also a RET codon-specific- age-related risk for

development of PHEO. The median age of presentation of PHEO in MEN 2B is in the

mid-20s [40, 41]. Machens et. al. looked at the timing of development of PHEO in a

series of 206 RET mutation carriers [42]. Based on their data, annual biochemical
screening for PHEO was recommended from age 10 years in carriers of RET

mutations in codons 918, 634, and 630, and from age 20 years in the remainder [42].
According to the 2009 ATA guidelines for the management of MTC, PHEO

preoperative screening should begin by age 8 years for MEN 2B and mutated RET
codons 634 and 630; otherwise by age 20 years for other RET mutations [8].

Current recommendations call for biochemical screening for PHEO with

measurement of plasma metanephrines or measurement of 24-h collections for

urinary catecholamines or metanephrines [43]. Epinephrine and norepinephrine

are the most common metabolites found to be elevated in MEN 2 [44]. If levels are

elevated, adrenal imaging with CT or MRI should be performed. [18F]-

fluorodopamine positron emission tomography (PET) is a superior imaging

modality for PHEO localization and further evaluation, with superior sensitivity as

compared to 123I-metaiodobenzylguanidine and 111in-pentetreotide scintigraphy
[45]. There is not a consensus on specific recommendations for regular adrenal
imaging in the setting of normal metabolic screening for individuals with MEN 2.

Patients with MEN 2 should be screened for PHEO prior to any surgical procedure
so that appropriate adrenergic blockade can be administered. Therefore, PHEO must

be excluded or treated prior to surgery for MTC. Special care should be taken to
ensure that female RET mutation carriers are screened for PHEO before or during

early pregnancy to avoid the potential of hypertensive crisis activated by pregnancy
or delivery [8]. Once identified, patients with phechromocytoma must undergo
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proper preoperative management with α- and β-blockade to minimalize adverse
events associated with induction of anesthesia and surgery [46].
Primary Hyperparathyroidism
Between 15 and 30% of individuals with MEN 2A will develop primary

hyperparathyroidism (PHPT) [19, 26]. Periodic screening with albumin-corrected

calcium or ionized calcium is recommended; if serum calcium is elevated along with
inappropriately normal or elevated PTH, the diagnosis of PHPT is suspected. PHPT

usually presents years after the diagnosis of MTC and most individuals have no
symptoms associated with elevated calcium. In one study of 56 patients affected by

PHPT among 249 MEN-IIa patients the median age at diagnosis was 37.6 years, and
PHPT was asymptomatic in 68% of the patients [47]. Another group looked at 67

patients with MEN 2A and PHPT where the median age at diagnosis of PHPT was 38

years, and PHPT was asymptomatic in 84% of the patients [48]. These studies

suggest that MEN-IIa-related PHPT is generally associated with mild, often
asymptomatic hypercalcemia, although hypercalcuria and renal calculi may occur.

Although some patients had recurrences 5 to 15 years after the first
parathyroidectomy, resection of only macroscopically enlarged glands generally

appears sufficient. Subtotal or total parathyroidectomy with autotransplantation is
associated with a high rate of hypoparathyroidism.

Surveillance with annual serum calcium and PTH levels should begin by age 8 years
in carriers of RET mutations in codons 630 and 634, and by age 20 years in carriers

of other MEN 2A RET mutations [8]. Treatment recommendations for PHPT

associated with MEN 2A vary according to the particular RET mutation. Resection
and autotransplantation of parathyroid tissue are performed at the time of

thyroidectomy when there is evidence of PHPT. The ATA MTC guidelines
recommend that in individuals with a strong family history of PHPT or with RET

mutations carrying high risk of PHPT, devascularized normal parathyroid glands

should be autografted into the forearm, while those individuals with lower risk
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conferring mutations may have the parathyroid tissue autografted into either the
forearm or the sternoclidomastoid muscle. This will help to preserve the remaining

parathyroid tissue in the likely scenario of the patient requiring repeat neck
operations for recurrent MTC, thus avoiding hypoparathyroidism. For MEN 2A

patients who have had prior thyroidectomy who later get PHPT, these individuals

require preoperative localization using sestamibi and CT scans. In patients with
persistent or recurrent PHPT, and in those who are suboptimal surgical candidates,

medical therapy with calcimimetics may play a role. Calcimimetics reduce PTH

secretion by increasing the sensitivity of parathyroid calcium-sensing receptors to
extracellular calcium. Cinalcet, an oral calcimimetic, has been studied in a

randomized double-blind placebo controlled study and has shown effectiveness in
reducing PTH concentrations and PTH levels in patients with PHPT [49]. While

cinacalcet may prove to be an attractive alternative to surgery in patients with PHPT,
it is unknown if Cinalcet will prove useful in patients with MEN 2A-associated PHPT,
and use in these patients is not documented.
Conclusion
MEN 2 is an autosomal dominant hereditary cancer syndrome caused by gain-of-

function mutations in the RET protooncogene. MEN 2A is defined as the presence of

MTC, PHEO, and PHPT. MEN 2B is a multiple tumor syndrome associated with MTC,

marfanoid habitus, ganglioneuromatosis of the oral mucosa and GI tract, and PHEO.
Early screening of family members who may be affected by MEN 2 is associated with
improved prognosis. The timing of prophylactic thyroidectomy is guided by the

ATA-risk level of RET mutations. Surveillance for PHEO and PHPT, are indicated in
select groups of patients with specific RET mutations.
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Figure Legends:

Figure 1: A) Computed tomography scout film showing dilated bowel due to
ganglioneuromatosis of the gastrointestinal tract in MEN 2B. B) Mucosal neuromas
on the anterior surface of the tongue in MEN 2B
Figure 2:
A) Low power view of medullary carcinoma of the thyroid comprised of nests of
spindle-shaped cells containing amyloid B) high power detail. C) Calcitonin
immunohistochemical staining of MTC
Figure 3:
Metastatic MTC to the skull (A), hilar lymph nodes (B) and liver (C)
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