
ABSTRACT

Medullary thyroid cancer (MTC) typically accounts for3%–4%of
all thyroid cancers. Although themajority ofMTCs are sporadic,
20%ofcasesarehereditary.HereditaryMTCcanbefoundinmul-
tiple endocrine neoplasia 2A or 2B or as part of familial MTC
based on a specific germline mutation in the RET proto-onco-
gene. This article discusses the current approaches available for
thediagnosis,evaluation,andmanagementofpatientsandtheir

family members with suspected MTC. The disease is predomi-
nantly managed surgically and typically requires a total thyroid-
ectomyandlymphnodedissection.Areviewofrecentguidelines
on the extent and timing of surgical excision is discussed. There
arenotverymanyeffectivesystemic treatmentoptions forMTC,
but several emerging therapeutic targets have promise. TheOn-
cologist2013;18:1093–1100

Implications for Practice: Medullary thyroid cancer (MTC) typically accounts for approximately 4% of all thyroid cancers. Of
these, 20%of casesarehereditaryandcanbe found inmultipleendocrineneoplasia syndromeoraspartof familialMTCbasedon
a specific germlinemutation in theRETproto-oncogene. This article summarizes the current approachesandguidelines available
for thediagnosis,evaluation,andmanagementofpatientsandtheir familymemberswithsuspectedMTC.Surgery is thestandard
of care, and prophylactic surgeries are performed in genetic carriers. Tyrosine kinase receptor inhibitors vandetanib (ZD6474)
and cabozantinib (XL184) were recently approved by the U.S. Food and Drug Administration as promising systemic therapy for
advancedMTC.

INTRODUCTION

Medullary thyroid cancer (MTC) accounts for 3%–4% of all thy-
roid cancers [1, 2]. Theclinical courseofMTCcanbe indolent, re-
maining unchanged for years, or it can be aggressive, associated
withhighmortality.Although themajorityofMTCcasesare spo-
radic, approximately 20% are hereditary because of a germline
mutation in the rearranged during transfection proto-oncogene
(RET) [3–7]. Hereditary MTC can present in isolation (familial
medullarythyroidcancer[FMTC])oraspartofthemultipleendo-
crineneoplasia syndrometype2 (MEN2;MEN2AorMEN2B).

MTC arises from the neural crest, specifically the parafol-
licular C cells of the thyroid gland. Although the C cells are lo-
cated throughout the thyroid gland, they are predominant at
the junction of the upper third and lower two-thirds, which is

where themajorityofMTCsare found.C cells secreteavariety
ofpeptidesandhormones,andMTCischaracterizedbythese-
cretion of calcitonin, which is used as a diagnostic and prog-
nosticmarker inMTC.

Diagnosis

Clinical Features
The typical age of presentation of sporadic MTC is in the fifth
or sixth decade, with a slight female preponderance [8, 9]. In
contrast, MEN2A and FMTC typically present in the third de-
cade of life, and MEN2B usually presents in those younger
than age 20.

The most common presentation in sporadic MTC is a pal-
pable neck mass, either a solitary thyroid nodule or an en-
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larged lymphnode (35%–50%) [8]. These tumorsaregenerally
unifocal and tend toarise in theposterior thyroid,often invad-
ing thesurroundingstructuresandcausingdysphagia,hoarse-
ness, and/or respiratory difficulty [8]. High levels of calcitonin
secreted fromthesetumorscanalso leadtosymptomssuchas
flushing, diarrhea, and/orweight loss in patientswithMTC. In
addition, 10%–15% of patients can present with distant me-
tastases at the time of diagnosis. Themost common locations
for metastatic MTC are the mediastinum, liver, lungs, and
bone.

Patients with MTC in MEN2 commonly present with
multifocal and bilateral disease. They can present with di-
arrhea, flushing, or weight loss caused by excessive secre-
tion of calcitonin by the tumor or can be diagnosed after
presenting with an associated disease such as pheochro-
mocytoma or hyperparathyroidism. In uncommon cases,
MTC can also present as Cushing syndrome because of ec-
topic corticotropin production by the tumor [10, 11]. Cur-
rently, most patients with either FMTC or MEN2 are
identified by genetic testing of at-risk family members. Pa-
tients with a positive family history of germlinemutation of
the RET gene have a 50% chance of inheriting the samemu-
tation. Once identified as genetic carriers, there is a nearly
100% lifetime risk of developing malignancy.

Laboratory Evaluation
The diagnosis of MTC is most commonly obtained from fine-
needleaspiration (FNA)of anewthyroidnodule. Theaccuracy
of FNA is 50%–80% [12, 13] and is characterized by the pres-
ence of stromal amyloid and the absence of thyroid follicles
(Fig. 1); however, FNA cannot always distinguish MTC based
on the appearance of the cells alone. Higher accuracy can be
obtainedby theadditionof immunohistochemical staining for
calcitonin, chromogranin A, or carcinoembryonic antigen
(CEA) when there is clinical suspicion of MTC [14]. More re-
cently, measurement of calcitonin in the washout fluid from
FNA has been described as a very sensitive method of detec-
tion [15,16]. IfFNAsuggestsMTCorifthereisclinicalsuspicion,a
preoperativecalcitoninlevelcanbeveryusefulforbothdiagnosis
andstaging[17,18]. Incasesofnodalmetastases,basalcalcitonin
levels can be in the range of 10–40 pg/mL (normal range,�10
pg/mL),whereasdistantmetastasesaretypicallyassociatedwith
a calcitonin level�150 pg/mL and often�1,000 pg/mL. The re-
cent guideline by the American Thyroid Association (ATA) does
not recommend for or against calcitonin screening, but if testing
is done, a serumcalcitonin value�100 pg/mL should be consid-
eredsuspiciousformedullarycancer[19,20].Unfortunately,adi-
agnosis of MTC cannot always be excluded by a normal
preoperative calcitonin level.

CEA is another useful tumor marker found in �50% of
patients with MTC, especially when preoperative serum
calcitonin values are negative. A preoperative serum CEA
level �30 ng/mL is suggestive of a poor prognosis and indi-
cates that surgical intervention will likely not cure the pa-
tient [21]. A CEA level �100 ng/mL suggests extensive
lymph node involvement and distant metastasis. An in-
creasing CEA level in the presence of a stable calcitonin
level can be a sign of dedifferentiation of the tumor and is
associated with a worse prognosis. Conversely, a rapid de-
crease in serumCEA predicts cure by surgery [14, 22]. Chro-
mogranin A is another useful diagnostic and prognostic
marker in MTC [14].

Radiological Evaluation
Imaging studies are critical in the detection andmanagement
of patients with MTC, especially in sporadic cases. Most pa-
tients with sporadic MTC will present with a thyroid mass or
cervical lymphadenopathy that can be evaluated by a neck ul-
trasound (U/S) [14]. U/S canbeused to characterize themass,

Currently, most patients with either FMTC or MEN2
are identified by genetic testing of at-risk family
members. Patients with a positive family history of
germline mutation of the RET gene have a 50%
chance of inheriting the samemutation. Once identi-
fiedasgenetic carriers, there is anearly100% lifetime
risk of developingmalignancy.

Figure 1. Gross view and histology of medullary thyroid cancer.
(A): Operative specimen of left thyroid and associated lymph
nodes. (B, C):Histology ofmedullary thyroid cancer shownbyhe-
matoxylin and eosin (B) and Congo red stain (C) emphasizing the
characteristic stromal amyloid. From [41] with permission from
AlphaMed Press.
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to identify additional thyroid lesions or suspicious lymph
nodes, and to perform FNA to confirm the diagnosis of MTC.
Cross-sectional imaging (computed tomography [CT] or mag-
netic resonance imaging [MRI]) of the chest and the neck is
recommended because lymph node involvement may be
deep in the neck or in the mediastinum and not captured by
U/S alone. If the preoperative serum basal calcitonin is�400
pg/mL or there are local lymph node metastases, these pa-
tients should undergo three-phase contrast-enhanced liver
CT or contrast-enhanced liverMRI [20]. In patientswith suspi-
cion of skeletal metastases, MRI is superior to other imaging
modalities [23]. 18F-Fludeoxyglucose positron emission
tomography or somatostatin receptor imaging as initial
screening imaging studies for metastatic disease are not rec-
ommended because of variable sensitivity [24, 25], although
the sensitivity improves when calcitonin levels are �1,000
pg/mL [26]. In addition, small liver metastases can be visual-
ized by laparoscopy [27].

Pathological Features
Grossly, MTC is white or gray in color and very firm to palpa-
tion. Histologically, MTC is arranged as nests of uniform cells
that are characterized by the deposition of stromal amyloid
(Fig. 1). “C-cell hyperplasia” is defined as�6C cells per follicle
or �50 C cells per low-power field and is often found in pa-
tientswith hereditary disease. Even thoughC-cell hyperplasia
is considered a precursor of malignant transformation in he-
reditary disease, its implication in nonhereditary disease is
less well defined.

Familial Disease
The majority of the MTCs are sporadic; however, approxi-
mately 20%present ashereditaryMEN2.MEN2 is further sub-
classified into three distinct syndromes,MEN2A,MEN2B, and
FMTC, which are inherited in an autosomal dominant fashion
with a high but variable penetrance.

MEN2A
MEN2A is the most common MEN2 disorder and includes
MTC, pheochromocytoma, and primary hyperparathyroid-
ism. A few variants ofMEN2A are also linkedwith other disor-
ders. Cutaneous lichen amyloidosis (CLA) is linked to
mutationson codon634, andamutationoncodon620 carries
a significant risk fordevelopingHirschsprungdisease [28–32].

MTC is the predominant disorder (�95%) in MEN2A and
accounts for 75% of hereditary MTC. It is characteristically
multifocal andbilateral. The age at presentation can varywith
the specific genetic mutation but typically manifests in early
adulthood.MortalityassociatedwithMEN2A isprimarily from
MTC; therefore,prompt recognitionand interventionarenec-
essary.MTC can be cured or even prevented by early thyroid-
ectomy, with screening of at-risk familymembers.

Pheochromocytomas occur in up to 50% of cases and are
generallymultifocal but can also presentwith adrenalmedul-
lary hyperplasia. Screening can be performed using either
plasma metanephrines or a 24-hour urine specimen for cat-
echolamines and metanephrines. Once detected, pheochro-
mocytomas should be appropriately managed by treatment
with selective�-blockers for bloodpressure control, followed
by resectionwith a laparoscopic adrenalectomy. Resection of
the adrenal gland should be performed before proceeding
with a neck operation forMTC.

Hyperparathyroidismoccurs inup to20%–35%ofpatients
withMEN2A. Screening for hyperparathyroidism is donewith
serum calcium and parathyroid hormone levels. The disease
may manifest as hyperplasia or may present as a single, en-
largedparathyroid gland. Treatment is the sameas that for an
isolated case of primary hyperparathyroidism: Only the mal-
functioning parathyroid gland (or glands) should be removed
by surgery, with autotransplantationwhen needed.

MEN2B
MEN2B affects 8%–15% of all MEN2 patients. Although
MEN2B has the hereditary predisposition to MTC and pheo-
chromocytoma, hyperparathyroidism is not seen in these pa-
tients. Patients with MEN2B have mucosal neuromas of the
lips and tongue and intestinal ganglioneuromas. Disorders of
thecolonsuchaschronic constipationandmegacolonarealso
common. Moreover, many patients have developmental ab-
normalities that include a decreasedupper-to-lower-body ra-
tio, skeletal deformations such as kyphoscoliosis or lordosis,
joint laxity,Marfanoidhabitus (withoutectopia lentisoraortic
abnormalities), everted eyelids, and myelinated corneal
nerves [33].

InMEN2B, almost 100%of patients developMTC at a very
young age, even at infancy and has amore aggressive course.
Because of the younger age at onset and often a delay in diag-
nosis, patients with MEN2B are seldom cured of this disease
andmany die at a young age. Therefore, prophylactic or cura-
tive thyroidectomy during the neonatal period is required in
patients with MEN2B following identification by genetic
screening.

FMTC
FMTC closely mimics MEN2A with a strong predisposition to
MTC in various family members but lacks other clinical mani-
festations ofMEN2A (orMEN2B) such as pheochromocytoma
or hyperparathyroidism. It may be difficult to distinguish
FMTC fromMEN2A, and identical genetic mutations can lead
toeither disease [4]. BecauseMTC is often the firstmanifesta-
tionofMEN2Aanddiagnosisofpheochromocytomaorhyper-
parathyroidism is often made later, the definition of FMTC is
strict. InFMTC, theremustnotbeanydiagnosisofeitherpheo-
chromocytoma or hyperparathyroidism in �10 carriers, and
presentation must be after the age of 50 in multiple family
members affected by the disease. Once a family is labeled as
FMTC, there is a higher chance of missing a pheochromocy-
tomabecause thesepatients arenot screened for thedisease.
If there is anyuncertainty, it ismuchsafer to label the family as
MEN2 instead of FMTC.

Genetic Testing
MTC in MEN2 is inherited in an autosomal dominant pattern
with very high penetrance. The genetic defect in these disor-
ders involves the RET proto-oncogene on chromosome
10q11.2 [34]. Currently known RET mutations account for
�95% of cases of hereditary MTC. Consequently, the 2009
ATA guidelines for MTC recommend that all patients with C-
cell hyperplasia or MTC be offered germline RET testing. It is
important to provide appropriate genetic counseling to pa-
tients prior to screening forRETmutations. The risks and ben-
efits of genetic testing must be discussed with patients and
their families. In addition, once a positive RETmutation is de-
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tected, the patient must be carefully advised regarding the
risks for othermembers of the family. Other clinical presenta-
tions such as Hirschsprung disease and CLA should also
prompt genetic testing for RETmutations [20]. Ideally, in the
event thataRETmutation is identified,at-risk familymembers
should be offered a prophylactic thyroidectomy prior to the
development of MTC. On occasion, a germline RETmutation
may not be detected in a family with a clinical diagnosis of
MEN2. In these at-risk relatives, periodic screening for MTC
should be performedwith neck U/S and serum calcitonin lev-
els, screening for pheochromocytoma should be done by
measurement of plasmaor 24-hour urinemetanephrines and
normetanephrines, and hyperparathyroidism should be
screened with albumin-corrected calcium or ionized calcium
and parathyroid hormone levels [20].

The germline RET mutations in MTC in MEN2 and FMTC
lead to a gain of function, and only a single-point mutation is
adequateformalignant transformation.Thesemutations lead
to the activation of major intracellular pro-oncogenic path-
ways (e.g., RAS/MAPK, JUNkinase, PI3K/AKT, andnuclear fac-
tor-�B). Inactivating mutations of RET are also possible and
have been associatedwith Hirschsprung disease.

RETMutations in the Extracellular Domain
There are dissimilarities and similarities in the specific RET
genemutations underlyingMEN2A and FMTC [4]. In contrast,
MEN2B is associatedwith specific RETmutations [3]. Themu-
tations in MEN2A and FMTC affect one of the cysteine resi-
dues in the cysteine-rich region of the RET extracellular
domain encoded by exon 10 (codons 609, 611, 618, and 620)
or exon 11 (codons 630 or 634). Mutation in MEN2A is fre-
quently found in codon 634 (up to 80%), whereas the most
commonmutations in FMTC are detected in codons 620, 630,
and 634. These extracellular MEN2A/FMTC cysteine muta-
tions are constitutively active and act in a ligand-independent
manner leading to dimerization and activation of RET-medi-
ated intracellular signaling pathways.

RETMutations in the Intracellular Domain
Germline mutations in the intracellular tyrosine kinase (TK)
domain of the RET protein can be found in FMTC and in
MEN2B. Mutations in codons 768, 790, 791 (exon 13), 804
(exon14),and891(exon15)aredetectedonly inFMTCandac-
count for a minority of cases. The codon most frequently
(95%)mutated inMEN2B is 918 (exon 16, p.M918T) of the in-

tracellular TK domain of RET, and it is extremely useful during
molecular diagnosis in this disorder.Othermutations found in
MEN2B are in codon 883 (exon 15) in addition to dual muta-
tions involving codons 804 and 806 or 804 and 904.

Although the MTC in MEN2 results from germline muta-
tions, sporadic MTC can harbor somatic mutations of the RET
proto-oncogene. Typically these mutations are detected in
exon 16 (codon 918), but exons 13, 14, or 15 can also be af-
fected. Thesemutations are found only in the patients’ tumor
cells and are not genetically transmitted to offspring. Conse-
quently, it is important for physicians to properly identify and
distinguishMTCpresentationsofMEN2frompresentationsof
true sporadicMTC.

Genotype-Phenotype Correlation inMTC
Genotype-phenotype association in inherited neoplasia syn-
dromes were first identified between RET andMEN2 [3]. The
gain-of-function mutations affected several codons of RET,
most frequently exons 10 and 11. Mutations of codon 634
(exon11)arehighlyassociatedwith theclassical phenotypeof
MEN2A: the triad of MTC, pheochromocytoma, and hyper-
parathyroidism. The most common mutation on codon 634,
p.C634R, has the highest penetrance and is the most aggres-
sive variant associatedwith a higher probability ofmetastatic
disease at diagnosis ofMTC than other codon 634mutations.
Although25%ofFMTCpatientscarryamutation incodon634,
p.C634Y is the most common type seen in these patients;
p.C634R mutations are not detected in FMTC. In addition,
codon634mutationsarealsoknowntobeassociatedwithde-
velopment of CLA, and mutations of the cysteine residues on
codons609, 618, and620 inexon10ofRET inMEN2Aor FMTC
are coinherited with Hirschsprung disease. Codon 918 muta-
tion (exon 16, p.M918T) is themost specific forMEN2B.

The aggressiveness of the MTC varies depending on spe-
cific RETmutations. Currently, the ATA guidelines task force
has classified these mutations into four groups based on the
levelof riskandaggressiveness forMTC(Table1).Theseguide-
lines are useful for predicting phenotype and supporting rec-
ommendations for the earliest age when prophylactic
thyroidectomy should be performed for MTC and for begin-
ning biochemical screening for pheochromocytoma and hy-
perparathyroidism inMEN2 [5, 20].

Level Dmutations (ATA-D, codons 883 and 918 and dual
mutations in 804/805, 804/806, and 804/904) carry the

Table 1. Risk of aggressivemedullary thyroid cancer based on RETmutations and American Thyroid Association
recommendations

ATA risk level Mutations
Age at prophylactic
surgery

Age to begin screening for
pheochromocytoma

Age to begin screening for
hyperparathyroidism

Level D (highest risk) Codons 883 and 918 and dualmutations
in 804/805, 804/806, and 804/904

As soon as possible within
first year of life

8 yr Not established

Level C p.C634R/G/F/S/W/Y �5 yr 8 yr 8 yr

Level B Codons 609, 611,618, 620, 630, 631,
and 634/12 base pair duplication and
dualmutations in 804/778

�5 yr,may delay if criteria
aremeta

8 yr for thosewith a codon 630
mutation, 20 yr for all others

8 yr for thosewith a codon 630
mutation, 20 yr for all others

Level A Codons 321, 515, 531, 532, 553, 600,
603, 606, 635, 636, 666, 777, 768, 790,
791,804, 819, 833, 844, 866, 891, and
912

May delay surgery beyond
age 5 if criteria aremeta

20 yr 20 yr

aA normal annual basal/stimulated serum calcitonin, normal annual neck ultrasound examination, and family history of less aggressivemedullary
thyroid cancer. Levels A–D are defined in the text [20].
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highest risk, have the highest penetrance, and have the
most aggressive course,withmetastatic diseasepresenting
in the first year of life. Consequently, thyroidectomy is rec-
ommended as soon as the diagnosis is made or within the
first year of life. Level C mutations (ATA-C, codon 634
[p.C634R/G/F/S/W/Y]) are considered to be high risk for
MTC, and the ATA recommends that these patients un-
dergo thyroidectomy before the age of 5 years. Level Bmu-
tations (ATA-B, codons 609, 611,618, 620, 630, 631, 634/12
base pair duplication, and dual mutations in 804/778) are
still considered high risk for MTC but are lower risk for RET
mutations. Thyroidectomy is recommended before age 5
but can be delayed based on a normal serum calcitonin,
normal annual neck U/S, less aggressive family history of
MTC, and family preference. Level A mutations (ATA-A,
codons 321, 515, 531, 532, 553, 600, 603, 606, 635, 636,
666, 777, 768, 790, 791,804, 819, 833, 844, 866, 891, and
912) carry the least high risk of MTC. Compared with ATA-B
of the same age, ATA-A mutant carriers have lower serum
calcitonin, lower tumor stage, and a higher rate of bio-
chemical cure when prophylactic thyroidectomy is per-
formed in those older than age 4 [35]. Because early
detection and intervention in MTC leads to significant im-
provement in patient outcome, there is an ongoing debate
regarding the timing of prophylactic thyroidectomy. There
is interpatient and interfamily variability as well as unpre-
dictability within families.Many surgeons prefer to treat all
patientswithMEN2A the sameway and to performprophy-
lactic surgery by age 5 whenever possible. Recent data also
suggest that prophylactic surgery in patients who are past
the recommended age is still beneficial and improves dis-
ease-free survival compared with surgery performed in pa-
tients who are at long past the recommended age [36].

Surgical Treatment

Treatment of Clinically Evident Disease
Standard treatment for MTC requires surgical removal of the
thyroidwith regional lymph node dissection because conven-
tionalmeasures such as chemotherapy and radiation therapy
are not effective [20]. Patients with clinically evident disease
should be treated with a total thyroidectomy and bilateral
central neck dissection at aminimum. Central nodal disease is
present inup to81%ofpatientswithpalpable tumors, andad-
dition of a central neck dissection results in a higher cure rate
than thyroidectomy alone [37, 38]. The need for routine lat-
eral neckdissection is controversial. Becauseof the risks asso-
ciated with a bilateral lateral neck dissection, many surgeons
performit selectivelywhentheprimary tumor is large (�1cm)

or when there is evidence of nodal disease on preoperative
neck U/S. Even with aggressive surgical removal of all neck
lymph nodes, biological curemay not be achieved postopera-
tively [39].

Removal and autotransplantation of parathyroid glands
are usually not performed along with thyroidectomy unless
there is evidence of hyperparathyroidism [20]. If patients de-
velop hyperparathyroidism after a total thyroidectomy, then
they should undergo preoperative imaging and should repeat
surgery as indicated for treatment of their primary disease.
Medical management of primary hyperparathyroidism
should be considered for patients with a high risk of surgical
mortality, limited life expectancy, or persistent or recurring
primary hyperparathyroidism after one surgical exploration
ormore [20].

If a parathyroid gland is devascularized during surgery,
then an autotransplant can be performed. In patients with
sporadic MTC, FMTC, or MEN2B, the autotransplant can be
placed in the sternocleidomastoid; however, in patients with
MEN2A, the parathyroid tissue should be autotransplanted
into the nondominant forearm because of the risk for devel-
oping hyperparathyroidism in the remnant tissue at a later
stage. It is important to keep in mind that the autotrans-
planted parathyroid tissue usually takes about 4–8 weeks to
become functional, so calcium and vitamin D should be sup-
plemented during this time. For MEN2A patients, it is impor-
tant to exclude coexistence of pheochromocytomas before
the thyroid surgery [20]. When presented with pheochromo-
cytomaof a single gland,most authorities recommend unilat-
eral adrenalectomy or a cortical-sparing surgery. In cases of
bilateral pheochromocytomaor in patientswith a single adre-
nalgland, therecommendation iscortical-sparingadrenal sur-
gery on at least one side,with closemonitoring of the residual
tissue [20].

Prophylactic Surgery
Prophylactic thyroidectomy is recommended in at-risk pa-
tients before the onset of clinically significant disease. It is im-
perative to determinewhether the risk of clinically significant
disease outweighs the risks of prophylactic intervention. In
hereditary MTC, there is a strong age-related progression
from C-cell hyperplasia to MTC and progression to nodal dis-
ease. The RETmutations associated with hereditaryMTC and
the current guidelines for prophylactic thyroidectomy and
screening for each mutation are listed in Table 1. If interven-
tion is performedbefore the development of a primary tumor
and nodal involvement, then a total thyroidectomy alone is
adequate treatment.

Postoperative Surveillance
In patients with disease restricted to the thyroid gland and
withoutnodal involvement, the riskof recurrenceandmortal-
ity isvery low[40].WhenMTCpresentswithnodaldisease,pa-
tients are at a very high risk of developing recurrent or
persistent disease. Close and adequate follow-up should start
2–3 months postoperatively by obtaining new baseline calci-
tonin and CEA levels. Patients with undetectable calcitonin
levels postoperatively should be followed with annual mea-
surements of serum calcitonin and CEA. A rise in serum bio-
chemical markers should prompt imaging such as CT or MRI.
Thyroid hormone replacement is essential after a total thy-

Because early detection and intervention in MTC
leads to significant improvement in patient outcome,
there is an ongoing debate regarding the timing of
prophylactic thyroidectomy. There is interpatient
and interfamily variability as well as unpredictability
within families. Many surgeons prefer to treat all pa-
tientswithMEN2A the samewayand toperformpro-
phylactic surgery by age 5whenever possible.
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roidectomy without thyroid-stimulating hormone suppres-
sion. In addition, patients with hereditary disease should be
screened for thedevelopmentofpheochromocytomaandhy-
perparathyroidism annually by routine biochemicalmarkers.

Prognosis
The prognosis for patients with MTC has a 10-year survival
rate of 75%–85%, andwhendisease is localized to the thyroid
gland, the 10-year survival rate reaches 95.6% [41]. Patients
with regional lymph node disease have a 5-year overall sur-
vival rate of 75.5%. Distant metastases are seen in 13% of pa-
tients at initial diagnosis, and these patients have a poor
prognosis, with a 10-year survival rate of only 40% [41].

Recurrence
Recurrent disease develops in approximately 50% of patients
withMTC.Calcitonin levelsareverysensitive fordetectingeither
residual or recurrent disease. Patients with near-normal values
canbe followed, but values�100pg/mL indicate either residual
resectabledisease in theneckor thepresenceofmetastases.Pa-
tients with basal serum calcitonin values�1,000 pg/mL and no
obviousMTC in theneck anduppermediastinumprobably have
distantmetastases,mostlikelyintheliver[27,41].Becauseofthe
significant risks associated with reoperative neck surgery, ele-
vatedpostoperative calcitonin levels shouldbe combinedwith a
carefulmetastatic evaluation by imaging studies prior to consid-
ering surgical exploration [27, 41].

Radiation Therapy
External-beam radiation therapy is considered ineffective in
the treatment of patients with MTC, although some reports
havedescribedpartial remissionandstabilityof thediseaseas
well as improved symptoms, quality of life, and survival [42].

Medical Therapy
Patients with metastatic disease can have significant symp-
toms such as diarrhea from calcitonin excess andmay benefit
from initialmedical treatmentwith antimotility agents. These
patientsmayalsobenefit fromsomatostatinanalogsand local
therapies such as resection and ablation as alternative treat-
ments to provide symptomatic relief from tumor burden [20].

Conventional chemotherapy has limited efficacy in pa-
tientswithMTC.Single-agent regimenswithdoxorubicin,dac-
arbazine, capecitabine, and 5-fluorouracil have partial
response rates up to 24%–29% [41]. A new class of therapies
targeting the RET receptor TK family has been developed be-
causeof its role in thepathogenesis ofMTC. The first commer-

cially available receptor TK inhibitor, imatinib mesylate
(Gleevec; Novartis International, Basel, Switzerland, http://
www.novartis.com), showed limited efficacy in patients with
MTC [43]. More recently, vandetanib (ZD6474), which simul-
taneously targets KDR (also known as VEGFR), RET, and the
epidermal growth factor receptor, was approved by the U.S.
FoodandDrugAdministration for thetreatmentofadultswith
symptomatic or progressive MTC [44–47]. Cabozantinib
(XL184) is another oral, small-molecule inhibitor of VEGFR2,
hepatocytegrowth factor receptor (MET)andRET thatwas re-
cently approved by theU.S. Food andDrug Administration for
the treatment of progressive, metastatic medullary thyroid
cancer [48–50].OtherTK inhibitors, suchas sorafenib (targets
VEGFR2andVEGFR3,RET, andBRAF), sunitinib (an inhibitorof
VEGF1–3,RET,andRET/PTCsubtypes1and3),motesanib (tar-
gets all three VEGF receptors), and axitinib (inhibits VEGFRs
but not RET) demonstrated partial response to stable disease
in phase II clinical trials [51–55].

Potential Emerging Therapy
Emerging research indicates that several signal transduction
pathways contribute to the growth and hormone production
in MTC [41, 56–61]. These include the PI3K/AKT, MAPK, and
Notch pathways and the glycogen synthase kinase-3 signaling
pathways. Small molecule inhibitors targeting one ormore of
thesepathwaysarealso currently being investigated [62–65].
Thegoal is tomanipulate these various cellular signalingpath-
waysanddiscovernovel therapeutic strategies to improvepa-
tient outcome inMTC.

CONCLUSION
Both the diagnosis andmanagement ofMTC can be challeng-
ing. Therefore, the practicing surgeon must always consider
the possibility of a familial syndrome during the evaluation of
patientswiththyroiddisease.Genetic testing followingthees-
tablishedguidelines shouldbeperformedwhenever there is a
diagnosis ofMTC. Due to limited adjuvant treatment options,
adequate initial surgical management is essential to the suc-
cessful treatment ofMTC. In cases of distant or recurrent dis-
ease not amenable to surgery, there are promising new
treatment options.
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