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KEY POINTS

� Increased understanding of the pathogenesis of medullary thyroid carcinoma (MTC) has
led to improved development of targeted agents in the treatment of MTC.

� Calcitonin (Ct) and carcinoembryonic antigen (CEA) doubling time (DT) and somatic
mutations of RET are indicators of poor prognosis.

� Cabozantinib and vandetanib are approved for the management of aggressive, progres-
sive MTC.

� Understanding the potential side-effect profile of approved drugs is essential for making
the decision regarding which agent to use for patients with progressive MTC.
INTRODUCTION

Malignant tumors are characterized by independent cell growth and their capacity to
invade surrounding normal tissues and distant sites. Genes associated with growth,
angiogenesis, tumor spread, apoptosis, and differentiation are frequently mutated in
cancer. Receptor tyrosine kinases (TKs) comprise a large family of genes with mem-
bers involved in all of these tumor-related pathways. TK receptors are membrane-
spanning proteins that have a large N-terminal extracellular domain containing
ligand-binding sites; a transmembrane domain that anchors the receptor to the cell
membrane; and an intracellular domain that catalyzes the transfer of phosphate
from adenosine-50-triphosphate to tyrosine residues and hydroxyl groups in target
proteins.
MTC is a rare neuroendocrine tumor that accounts for 3% to 5% of all thyroid gland

cancers. Despite the rarity of MTC, it is one of the best-characterized solid tumors in
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terms of its pathologic, biochemical, and molecular genetic properties. Understanding
of this cancer’s initiation and progression, clinical manifestations, and treatment is
based largely in the discovery of tumor-specific mutations in and the abnormal
expression of several TK receptors and pathways.
TK RECEPTORS AND PATHWAYS INVOLVED IN MTC DEVELOPMENT
The RET Receptor

Unlike other thyroid tumors, MTC has a strong familial predisposition.1 Activating
germline mutations in the rearranged during transfection (RET) oncogene are present
in 25% to 35% of MTCs. In addition, up to 65% of patients with sporadic MTC may
have somatic RETmutations.2–4 Thus, RETmutations are likely the primary oncogenic
event in most MTC cases. RETmutations are referred to as gain-of-function mutations
because they lead to a constitutively active TK.
The RET gene is located on chromosome 10q11.215 and consists of 21 exons span-

ning approximately 55,000 base pairs.6 RET encodes a transmembrane receptor with
an extracellular portion that contains 4 calcium-dependent cell-adhesion (cadherin)
domains and multiple glycosylation sites and a cysteine-rich region necessary for
the tertiary structure of the protein and for receptor dimerization. The intracellular
domain contains 2 TK regions that activate intracellular signal transduction pathways.
RET activation requires the association of a ligand, such as glial cell line–derived neu-
rotrophic factor (GDNF), neurturin, artemin, or persephin, with a membrane surface
coreceptor, glycosylphosphatidylinositol-anchored GDNF–family receptor alpha
(GFRa).7–9 The GDNF–GFRa complex interacts with RET to facilitate its dimerization
followed by autophosphorylation of tyrosine residues on the intracellular domains.
The activated tyrosine residues serve as docking sites for adaptor proteins, which co-
ordinate cellular signal transduction pathways, such as the mitogen-activated protein
kinase (MAPK), phosphatidylinositol 3-kinase pathway (PI3K/AKT), c-Jun N-terminal
protein kinases (JNK), and extracellular signal-regulated kinase (ERK) pathways.10

These molecular pathways, which have important roles in regulating the cell cycle
and angiogenesis and in regulating cell proliferation, differentiation, motility,
apoptosis, and survival, are abnormally activated in patients who have MTC that is
associated with either germline or somatic RET mutations. Important therapies for
such MTC patients include cabozantinib and vandetanib, which modulate the mutated
RET receptor.11,12 Information on these drugs is discussed later.

Vascular Endothelial Growth Factor Receptors

MTC exhibits abnormal angiogenesis, which is essential for tumor growth and metas-
tasis. Angiogenesis, along with other processes, such as vascular permeability and
endothelial cell proliferation, migration, and survival, are regulated through the interac-
tion of vascular endothelial growth factors (VEGFs) A, B, C, and D with VEGF receptors
(VEGFRs) 1, 2, and 3.13,14 The major mediator of MTC angiogenesis is believed to be
VEGFR-215; VEGFR-2 is overexpressed in MTC compared with normal tissue and is
associated with an increased rate of metastases.16,17 The interaction of the endothelial
and MTC VEGFR-2 with tumoral production of VEGF A, B, C, and/or D promotes the
activation of the MAPK and PI3K/AKT pathways, which leads to neoangiogenesis.18

Thus, blocking VEGFRs inhibits tumor-mediated angiogenesis.

Epidermal Growth Factor Receptor

The epidermal growth factor receptor (EGFR), also known as HER-1/ErbB-1, is
frequently overexpressed in MTC.19 EGFR is a TK receptor associated with the
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regulation of cell growth and apoptosis; EGFR is 1 of 4 homologous transmembrane
receptors. The others are HER-2/ErbB-2, HER-3/ErbB-3, and HER-4/ErbB-4. These
receptors mediate the actions of different growth factors, such as epidermal growth
factor, transforming growth factor a, and neuregulins.20 The binding of ligands to these
receptors induces the formation of EGFR homo- and heterodimers, the activation of
kinase domains, and the phosphorylation of specific tyrosine residues that serve as
docking sites for molecules essential to the activation of several cascades, including
the MAPK and PI3K pathways.21

Several mechanisms can cause the oncogenic activation of EGFR, including excess
ligand or receptor expression, activating mutations, inactivation failure, and transacti-
vation through receptor dimerization.22 One study of 153 primary and metastatic MTC
samples revealed that EGFR mutations are rare in MTC and that the level of EGFR
expression in the metastases was higher than that in the primary tumors.17 MTC sam-
ples with mutations in the RET 883 and 918 codons had a significantly lower number of
EGFR polysomies and tended to have less EGFR immunopositivity compared with
MTC samples with other RET mutations.17 In another study, EGFR inhibition was
reduced in MTC cell lines with mutations in the RET 918 codon. Therefore, the most
aggressive RET mutations may be less dependent on EGFR activation than other
RET mutations are, which explains why EGFR inhibitors are less effective in codon
918–mutated MTC cell lines than in codon 634–mutated cell lines.23 Although these
studies suggest that EGFR activation is related to RET activation, the EGFR activation
rate in tumors with RET mutations is not significantly different from that in those
without RET mutations. This observation suggests that other molecular mechanisms
could lead to the activation ofRET (ie, increased transcription ofRET in tumors without
RET mutations).

Hepatocyte Growth Factor Receptor

The MET proto-oncogene encodes the receptor of the hepatocyte growth factor
(c-MET).24 The abnormal activation of this receptor may induce unrestricted cell pro-
liferation, motility, and migration as well as angiogenesis and local and distant inva-
siveness.25 Some MTCs express c-MET, and c-MET expression in MTC is
associated with multifocality.26,27 In addition, c-MET mutations have been found in
some MTCs.27 RET may induce MET expression.28

Fibroblast Growth Factor Receptor 4

The fibroblast growth factor receptor 4 (FGFR4) may be overexpressed in MTC and
could enhance tumor growth. The inhibition of FGFR4 is associated with decreased
MTC proliferation.29,30 Thus, this receptor may be a therapeutic target in patients
with progressive MTC.

RAS

The RAS genes encode 3 distinct but highly homologous 21-kDa proteins: H-RAS,
K-RAS, and N-RAS. These proteins transduce messages from cell membrane recep-
tors to intracellular effectors through the MAPK and PI3K/AKT pathways, which con-
trol a wide range of effects on cell proliferation, differentiation, and apoptosis.
Activating point mutations in RAS genes, which have been extensively described in
several tumor types,31–33 constitutively activate multiple downstream effectors.
Somatic mutations in the RAS genes (mainly H-RAS and K-RAS) have been found
in some MTCs that are not associated with germline or somatic RET mutations, sug-
gesting that these mutations are mutually exclusive.33,34 Tumors associated with RAS
mutations seem to exhibit a less aggressive phenotype compared with tumors
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associated with RET 918 and 634 codon mutations.33 In contrast to the role of RET
gene mutations, how RAS mutations lead to MTC development remains unclear.35
SYNDROMES
Sporadic MTC

Sporadic MTC, the most common form of MTC, is not associated with germline RET
proto-oncogene mutations, C-cell hyperplasia, or a family history of MTC and/or
pheochromocytoma. Sporadic MTC is usually unicentric, although multifocality can
occur in 20% of the time and most commonly occurs at equivalent rates in women
and men in the fourth decade of life. An isolated thyroid nodule is the most common
manifestation of sporadic MTC.36 Metastases to local lymph nodes occur frequently in
patients with sporadic MTC; 80% of patients with a palpable tumor or a tumor larger
than 1 cm have lymph node metastases. Lymph node metastases are frequently not
apparent to surgeons, and they may be missed by pathologists unless each node is
removed and carefully studied. The most common pattern of lymph node metastasis
is to the ipsilateral nodes in areas II–VI of the neck, although metastases to the contra-
lateral nodes may occur in up to 40% of patients with a palpable primary tumor.
Another common pattern of metastasis is to the mediastinal lymph nodes.37,38 Metas-
tases to lymph nodes in the neck and/or mediastinum can infiltrate and compress the
airway contributing to the high rates of morbidity and mortality in MTC patients.
Distant metastases to the liver, bones, and lung parenchyma frequently occur in pa-
tients with MTC. Liver and lung metastases are usually vascular. Clinicians should
be aware that even experienced radiologists commonly report a small focus of liver
metastasis detected using contrast-enhanced CT as a hemangioma. A dedicated liver
CT/MRI may help differentiate these tumors. Bone metastases are typically lytic and
can cause severe bone pain, pathologic fractures, cord compression, and, rarely,
hypercalcemia.
Among patients with apparently sporadic MTCs, 6% or 7% are subsequently found

to have a germline RET mutation indicative of hereditary disease. Therefore, all MTC
patients should be evaluated for RET proto-oncogene germline mutations.39

Hereditary MTC

Hereditary MTC, which is associated with activating germline mutations of the RET
proto-oncogene, is multifocal and present in the context of simple, diffuse, and
nodular C-cell hyperplasia, the precursor lesion of hereditary MTC. Hereditary MTC
may manifest in various age groups, but unlike sporadic MTC, hereditary MTC
commonly occurs in individuals younger than 20 years. Patients frequently have a
family history of MTC and/or pheochromocytoma. Similar to sporadic MTC, hereditary
MTC can metastasize to neck and mediastinal lymph nodes and to the liver, bones,
and lungs, thereby predisposing patients to high rates of morbidity and mortality.36

Hereditary MTC manifests as part of multiple endocrine neoplasia type 2 (MEN2),
which is transmitted as an autosomal dominant trait and may present as 1 of 2 vari-
ants. MEN2A is the most common variant, accounting for approximately 80% of
MEN2 cases. MEN2A is characterized by bilateral, multicentric MTC in more than
90% of RET carriers, unilateral or more frequently bilateral pheochromocytomas in
50% of carriers, and primary hyperparathyroidism in 10% to 20% of carriers. The
presence of pheochromocytomas in patients with MTC who have mutations in the
RET 634 codon (the most common mutated codon in MEN2A patients) does not indi-
cate a more aggressive MTC phenotype. Such patients do not have a more advanced
stage of MTC at diagnosis or a shorter overall survival duration compared with patients
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without pheochromocytoma.40 In addition, pheochromocytomas, even in the setting
of MTC, are rarely malignant, thus seldom contribute to morbidity or mortality.1,40–42

There are 3 MEN2A subvariants. One is MEN2A with Hirschsprung disease; patients
with this subvariant develop Hirschsprung disease in childhood. Another subvariant,
found in 20 to 30 families, is MEN2A associated with cutaneous lichen amyloidosis.
Patients with this subvariant develop a pruritic cutaneous lesion across the upper
back, usually during the second or third decade of life. A variant of MEN2A is familial
MTC, which is characterized by MTC but no other manifestations of MEN2. In general,
familial MTC tends to be the least aggressive form of hereditary MTC.1

MEN2B, accounting for approximately 20% of MEN2 cases, is less common than
MEN2A but is the most distinctive form of the syndrome. MEN2B is characterized
by MTC in 100% of patients and by MTC and pheochromocytoma in 50% of patients.
More than 90% of MEN2B patients have mucosal ganglioneuromas in the distal
tongue, eyelids, and gastrointestinal (GI) tract, and nearly all have a marfanoid habitus.
MEN2B-associated hereditary MTC, which usually arises from de novomutations, is

generally the most aggressive form of MTC. It is difficult to cure because its phenotype
is often unknown. Local lymph node metastases are common during the first decade
of life, warranting early detection of the disease, and distant metastases are seen with
some regularity during the second decade. Death from metastatic MTC generally oc-
curs during the third or fourth decade of life, though there are examples of families with
3 or more generations of living MTC patients.1
INITIAL DIAGNOSTIC EVALUATION

MTC is most commonly diagnosed by fine-needle aspiration (FNA) of a new thyroid
nodule, with a sensitivity of 60% to 90%.43–45 FNA cannot always distinguish MTC
based on cytology alone, so immunohistochemical staining for Ct, chromogranin A,
or CEA can increase accuracy.46 Recent small studies have shown improved sensitivity
with calcitonin measurement in FNA washout fluid with as high as 100% accuracy.47,48

Serum Ct is the primary biochemical marker used for detection, staging, postopera-
tive management, and prognosis for MTC patients. The positive predictive value of
basal Ct for MTC is 100% if levels are greater than 100 pg/mL.49 Preoperative levels
are predictive of tumor size and location, so the American Thyroid Association (ATA)
guidelines addressing MTC recommend that the extent of radiologic evaluation and
operation be based in part on Ct level.50 Abnormal preoperative CEA levels suggest
advanced disease. CEA levels greater than 30 ng/mL are associated with central and
ipsilateral lateral lymph node metastases, whereas levels greater than 100 ng/mL
signify contralateral lateral lymph node and distant metastasis.51

All patients with suspected or confirmed MTC should undergo a comprehensive
neck ultrasound. There is an increased risk for lymph node metastasis with multifocal
disease in thyroid gland and hereditary MTC.51 If lymph node disease is present in im-
aging or Ct greater than 400 pg/mL, then additional imaging with neck and chest CT
and liver 3-phase contrast-enhanced CT or contrast-enhanced MRI is indicated. If
skeletal metastases are suspected, MRI is preferred imaging modality.

Radiologic Surveillance

Imaging for distant metastasis in the chest, liver, and bone should be performed when
suspected based on high levels of Ct or CEA. Standard practice includes chest CT,
liver CT or MRI, bone scan, and axial skeleton MRI. Sensitivity of these imaging tech-
niques ranges, however, from 25% to 50%.52–54 Despite the high sensitivity of Ct to
predict the presence of MTC, it is a difficult neoplasm to document with imaging
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studies. Recent radiologic studies have focused on testing different radiotracers and
modalities that could provide more sensitive and efficient imaging for persistently
elevated Ct levels.

18F-FDG PET

Fludeoxyglucose F 18 (18F-FDG) positron emission tomography (PET) can detect tu-
mor recurrence with reported patient-based sensitivities ranging from 15% to 78%
and lesion-based sensitivities ranging from 28% to 96%.53–58 An early multicenter
clinical trial showed promise for 18F-FDG PET with lesion-based sensitivity of 78%
compared with 50%.59 Subsequent comparative and prospective studies, however,
have found much lower sensitivity, especially when the Ct value is less than 1000
pg/mL.56,60 Skoura and colleagues60 studied patients with elevated Ct levels but
negative or equivocal conventional imaging and found patient sensitivity of 44%
with 18F-FDG PET; however, that rose to 87% when evaluation only patients with Ct
value over 1000 pg/mL.
Some studies have found that 18F-FDG PET positivity correlates with shorter Ct DTs

or a more aggressive MTC.61,62 The prognostic value of 18F-FDG PET, however, is still
controversial.56 Location of the recurrence seems to affect performance of the imag-
ing modality. 18F-FDG PET has higher sensitivity than conventional CT in lymph node
recurrence but worse sensitivity in lung, bone, or liver.54,55,62

18F-DOPA and 68Ga-DOTA PET

PET imaging using the radiotracer 18F-dihydroxyphenylalanine (DOPA) has increased
sensitivity compared with 18F-FDG. Neuroendocrine tumor cells like MTC can take up
and decarboxylate amine precursors, such as DOPA, thus allowing visualization by
18F-DOPA PET imaging.52 Multiple comparative studies report better sensitivity for
18F-DOPA ranging from 63% to 87%.54,55,57,63 Currently, 18F-DOPA is not commer-
cially available in the United States.
Several different gallium 68 (68Ga)-labeled somatostatin analogues (DOTA peptides)

are being studied, but the diagnostic role in MTC is not clear. The few studies that have
compared 68Ga-DOTA PET to 18F-FDG PET in MTC have not found improved sensi-
tivity with the newer tracer.54,64

18F-NaF PET

Sodium fluoride F 18 (18F-NaF) PET scanning has sensitivity similar to MRI for imaging
bone metastases with the added benefit of whole-body imaging with one scan.65,66

The uptake of the fluoride ion represents bone mineralization. Schirrmeister and col-
leagues65,66 reported added benefit to 18F-NaF PET imaging to bone scan in identi-
fying bone metastases in differentiated thyroid cancers. Although some centers are
investigating its use in MTC, no comparative studies have been published.

Somatostatin Receptor Scintigraphy

Octreotide scintigraphy can be useful in detecting neuroendocrine tumors, but so-
matostatin receptor scintigraphy (SRS) has not shown as high sensitivity in MTC
compared with conventional imaging. Sensitivity ranges from 57% to 67%, with
decreased sensitivity with low tumor volume. There is also inconsistency in study find-
ings, with Frank-Raue and colleagues67 showing no detection of liver metastasis by
SRS compared with Baudin and colleagues,68 who found better sensitivity in the liver
(50%) compared with the neck (25%). Indium In 111–octreotide SRS in children and
adolescents with hereditary MTC has even lower lesional sensitivity at 24.5%.69
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SRS is not helpful in detecting lesions less than 1 cm and has not been shown to alter
therapeutic decisions based on conventional imaging findings.67,68
PROGNOSIS

Biochemical markers, clinical characteristics, and somatic mutation status have prog-
nostic value to predict recurrence and survival. The DTs of Ct and CEA are both pre-
dictive of recurrence-free and overall survival.53,70,71 Patients with Ct and CEA DT less
than 6 months have worse prognosis and progressive disease, and those with DT over
24 months had excellent prognosis or stable disease.53,70 The ATA has a calculator to
determine both measures, which is most accurate when at least 4 values available
over a 2-year period (www.thyroid.org). A recent meta-analysis found the best prog-
nostic value for recurrence and survival was Ct and CEA DT at the 1-year point.72

Meijer and colleagues72 found the 5- and 10-year survival rates for patients with Ct
DT less than 1 year were 36% and 18%, respectively, compared with 95% and
95% for those with Ct DT longer than 1 year; 5- and 10-year survival rates with CEA
DT were 43% and 21%, respectively, compared with 100% and 100%. A subgroup
of patients also had favorable Ct DT yet unfavorable CEA DTwith poor outcomes, sug-
gesting that during the process of dedifferentiation, there may be less than expected
production of Ct.72,73

Patients with nodal disease are at greatest risk for persistent or recurrent disease.
Nodal disease at diagnosis along with presence of vascular invasion on histologic
examination are also independent predictors of distant metastases.74

The most common somatic RET in sporadic MTC is M918T.3,75 RET 918 mutation is
present in approximately 35% of sporadic MTC patients and is correlated with lymph
node metastasis at diagnosis, persistent disease after surgery, and increased chance
of recurrence.3,76,77 In a multivariate analysis, somatic RET and advanced stage of
disease were independent predictors of worse outcome.3

The 5-year survival of sporadic and hereditary MTC ranges from 70% to 90% and
10-year survival from 56% to 87%.78–84 Older age and later stage of disease were in-
dependent prognostic variables influencing survival with relative risk of death 7.9 and
18.7, respectively.80 When there is adjustment for the baseline mortality of the general
population, however, extrathyroidal extension (defined as T4) and doubling of Ct
within the first year after treatment are the only independent predictors of mortality.85

Multiple studies have not shown sporadic MTC influenced survival in multivariate anal-
ysis, but others have shown that sporadic tumors have a poorer prognosis.78–80,85
TREATMENT
Prophylactic Surgical Management in Germline RET-Positive Patients

The most effective method to prevent development of MTC or metastatic disease is to
perform prophylactic total thyroidectomy in germline RET-positive patients who have
preclinical disease. Since 1993, information collected regarding RET mutations and
their respective clinical expression has driven consensus recommendations for eval-
uation and treatment to prevent morbidity and mortality associated with hereditary
MTC. The prediction of aggressiveness of MTC associated with a specific RET muta-
tion can be extrapolated by examination of the earliest age at which MTC has been
identified and earliest age presenting with metastases.86 Based on this knowledge,
mutations of RET have been classified using a system of levels A through D by the
ATAGuidelines Task Force, depending on the aggressiveness observed in the respec-
tively associated MTCs.50
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The highest-risk ATA mutations of codons 883 and 918, associated with MEN2B
phenotype (level D), predispose to very aggressive MTC and are characterized by
the initiation of tumor development and even metastases before the first year of life.
Consequently, carriers of these mutations are candidates for a total thyroidectomy
as soon as possible and within the first year of life, with central lymph node dissection
for clinical metastases. Codon 634 RETmutation is the only one categorized as a level
C risk with the earliest age of detected MTC reported in a 10 month old and docu-
mented earliest lymph node metastases in a 6 year old. The ATA guidelines recom-
mend prophylactic thyroidectomy for an RET 634 carrier by age 5 years. Less
aggressive risk mutations (level B) include codons 609, 611, 618, 620, 630, and
631. Patients with level B mutations could consider surgery before age 5 years or
delay surgery beyond that if there are no concerning features on ultrasound, Ct levels
are low, and there is a less aggressive MTC family history. Least aggressive risk mu-
tations (level A) are localized in codons 768, 790, 791, 804, and 891 and typically are
associated with lower serum Ct levels and less advanced tumor stage at diagnosis
than level B mutations. In certain large kindreds with these mutations, a death has
never been caused by MTC; in others, metastases and death attributable to MTC
have occurred infrequently. If there has never been a death attributable to MTC in
one of these kindreds (and the kindred is of sufficient size and the follow-up encom-
passes multiple generations), delaying total thyroidectomy with or without central
lymph node dissection to a later age with active surveillance may be a reasonable
course.

Surgical Management of MTC Presenting with Clinically Apparent Disease

At present, the only curative treatment of MTC, sporadic or hereditary, is complete
surgical resection when the disease is confined to the neck. Complete resection of
MTC, however, could be difficult due to the high likelihood of regional or distant me-
tastases at diagnosis. Ipsilateral (80%) and contralateral cervical lymph nodes (40%)
metastases are often present at initial diagnosis with a high incidence of distant met-
astatic disease to the liver, bones, and/or lung parenchyma.87 Patients with cervical
adenopathy found at diagnosis have a higher incidence of residual disease after sur-
gical resection (90%) compared with those without cervical adenopathy (38%).88

Consequently, for surgical purposes, patients with MTC can be classified into 1 of 3
groups: those with localized disease (no evidence of metastases to regional lymph
nodes as indicated by sonography, no disease outside of the neck as indicated by
CT scans of the chest and abdomen with liver protocol and bone scan, and serum
Ct values usually <500 pg/mL), in whom cure is possible; those with metastatic dis-
ease limited to the neck, for which cure may be possible; and those with metastatic
disease outside of the neck, for which there is no chance for surgical cure.
The appropriate surgical procedure for a patient with localized MTC is a total thy-

roidectomy with central (levels VI and VII) compartmental dissection.50 Lateral neck
(levels II to V) lymph node dissections are considered when there are image or
biopsy-positive compartments. In the setting of extensive distant metastases or
advanced local features, surgical goals are more palliative with care to minimize
complications.
A question that arises in this group of patients is how thoroughly distant metastatic

disease should be looked for. Guidance may be provided by a combination of
measuring the serum Ct and CEA levels and reviewing high-quality sonography of
the neck. If there is nodal disease noted on ultrasound or serum Ct concentration
exceeds 400 pg/mL, it is recommended to perform chest CT and 3-phase contrast-
enhanced liver CT or MRI abdomen.50 The challenge is to differentiate between
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patients in whom surgical cure is possible and those with distant metastasis in whom
extensive neck surgery, in most cases, does not affect long-term outcomes. In pa-
tients for whom surgical cure is not possible, the goals change. In this situation, it is
appropriate to perform a total thyroidectomy with surgical resection of identifiable dis-
ease to protect the aerodigestive tract or recurrent laryngeal nerve from future
compromise.
Patients with clear evidence of distant metastasis are more straightforward to iden-

tify. These patients may have substantial elevations of serum Ct (>5000 pg/mL), have
metastatic disease easily identifiable on imaging studies, and frequently have diarrhea
and flushing. In these patients, total thyroidectomy with removal of identifiable disease
to protect the airway is indicated. When there are lymph nodes with metastasis in the
upper mediastinum or perihilar area that are likely to affect the airway, consideration
should be given to a mediastinal lymph node dissection.

Persistent Elevation of Serum Calcitonin and Carcinoembryonic Antigen After Surgery

After initial thyroidectomy and central lymph node dissection, it is necessary to allow 3
to 4 months to elapse before concluding that an elevated serum Ct or CEA concentra-
tion is related to the presence of residual MTC and not to the postoperative inflamma-
tory effects on Ct synthesis or a failure of circulating Ct and CEA to clear because of
their prolonged half-lives (approximately 30 hours for Ct).8 Patients with undetectable
Ct should have annual measurements of serum Ct and CEA.
Frequently, patients with MTC undergo a total thyroidectomy with limited or no

lymph node dissection. In these patients and in patients treated with total thyroidec-
tomy and bilateral lateral neck lymph node dissection, persistent elevation of Ct and
CEA is likely associated with residual disease in the cervical lymph nodes. Because
patients have undergone a total thyroidectomy, the decision to perform a neck lymph
node dissection should be based on a realistic estimate of the probability of surgical
cure. In patients with serum Ct concentrations of less than 100 pg/mL, it is unusual to
find any detectable radiographic abnormalities in the neck, and long-term clinical sur-
veillance with periodic sonography of the neck is then indicated. In patients with higher
Ct values without radiographic evidence of macroscopic disease, close follow-up with
periodic imaging (sonography of the neck, chest radiographs, and CT scans of the
chest and abdomen) is necessary. In most circumstances, reoperation of the neck
does not normalize serumCt concentrations. Additionally, the risk of hypoparathyroid-
ism is much higher than that observed if the neck dissection is performed during the
initial surgical intervention.
Patients with serum Ct concentrations higher than 5000 pg/mL after total thyroidec-

tomy and lymph node dissection generally have metastatic disease outside of the
neck. These areas should be evaluated with imaging techniques (discussed previ-
ously). Depending on a patient’s symptoms, possible locoregional complications of
invasive disease and pace of disease progression, areas of distant metastatic disease
may be followed with active surveillance or treated with targeted modalities or sys-
temic chemotherapy, which are discussed in the following sections.

Active Surveillance for Progression of Metastatic MTC

Because patients with regional or distant metastatic disease can demonstrate variable
behavior from indolent to rapidly progressive disease (discussed previously), active
surveillance for pace of disease change is needed after thyroidectomy with routine
testing of Ct and CEA levels and appropriate radiologic imaging.89

The optimal timing intervals for surveillance have not been recommended by any
published guidelines, but the authors typically recommend evaluating tumor markers
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every 3 months for the first 6 months after thyroidectomy with tumor-relevant imaging
as needed. Thereafter, follow-up is performed every 6 months for the first 2 years after
diagnosis to establish an estimation of the serum Ct and CEA DTs and to monitor for
possible short-term changes of distant sites of disease.

Locoregional Targeted Treatments of Metastases or Paraneoplastic Syndromes

Patients with persistent or recurrent metastatic disease that may lead to locoregional
compromise should be referred for adjunctive, palliative treatment. Situations, such as
potential invasiveness into tracheoesophageal tissue, impending neurologic damage
from brain metastases or spinal lesions, or pain from destructive bone lesions, neces-
sitate radiotherapy. Although radiotherapy seems effective in preventing and control-
ling complications associated with MTC activity in the neck and mediastinum, there is
no evidence that such therapy has an effect on improving survival.90,91 Radiofre-
quency ablation and transarterial chemoembolization of hepatic metastases have
also been shown to have effectiveness in locoregional control.92

Bone metastases from solid tumors may be targeted by antiresorptive therapy with
parenteral bisphosphonates or denosumab. There is limited published evidence that
there is benefit in treating patients with MTC-related metastatic bone disease with
either of these agents; however, a published study of patients with differentiated thy-
roid cancer with bone metastases found that zoledronic acid was effective in
decreasing skeletal-related events (SREs) or prolonging the time to develop an
SRE.93,94 According to published ATA guidelines, there is no recommendation for or
against the use of bisphosphonates for MTC-related bone metastases. The most
recent National Comprehensive Cancer Network (NCCN) guidelines for MTC does
recommend consideration of bisphosphonates or denosumab for metastatic bone
disease, with particular care to monitor for post-treatment hypocalcemia, which is
important in patients at risk for hypoparathyroidism and vitamin D deficiency.95 In
the context of hypercalcemia induced by bone osteolysis, intravenous bisphospho-
nate or subcutaneous denosumab can control this complication and improve the
associated symptoms.
Diarrhea associated with MTC is common (approximately 30%) and a clinically sig-

nificant paraneoplastic syndrome in many patients, leading to weight loss, dehydra-
tion, skin irritation, and poor quality of life. It is often associated with advanced,
metastatic disease and frequently seen in patients with hepatic metastases. The diar-
rhea can be hypersecretory and/or related to increased GI motility. Treatment includes
the use of antimotility drugs (loperamide, diphenoxylate/atropine, or tincture of opium)
as first-line agents. Somatostatin analogs may have some benefit based on small,
nonrandomized studies.96,97 Surgical debulking or transarterial hepatic chemoembo-
lization may be considered in these patients.92

Ectopic Cushing syndrome is a rare endocrine complication of MTC (less than 1%)
associated with excessive tumoral production of adrenocorticotropic hormone or its
precursor peptides. When this complication is associated with a localized tumor, cura-
tive resection of the tumor cures this paraneoplastic syndrome. In the context of
ectopic Cushing syndrome secondary to broadly metastatic disease, bilateral adrenal-
ectomy after adequate adrenal inhibition with ketoconazole or metyrapone, followed
by adrenal replacement therapy with glucocorticoids and mineralocorticoids, may
be necessary.

Systemic Chemotherapy—Tyrosine Kinase Inhibitors

Chemotherapy based on dacarbazine has been associated with a reduction in tumor
size in approximately 25% of patients treated with this agent in combination with a
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variety of other agents (eg, cyclophosphamide, vincristine, and 5-fluorouracil).98

Complete remission has not been observed, however, and there is no obvious demon-
strated survival benefit. Given the potential toxicity profile of cytotoxic chemothera-
peutic agents, the recent NCCN guidelines (version 2.2013) for MTC recommends
dacarbazine-based chemotherapy for patients with progressive, advanced MTC after
considering TK inhibitor (TKI) (discussed later) or referral to a clinical trial.95 Treatment
with somatostatin analogues or radioiodinated metaiodobenzylguanidine has demon-
strated limited responses in small case series.99–101

Over the past decade of preclinical and clinical studies of various therapeutic agents
for metastatic MTC, the most impressive and exciting data have arisen from the eval-
uation of responses to small molecule TKIs that compete with the ATP-binding site of
the catalytic domain of a TK. Occupation of this site by the TKI inhibits autophosphor-
ylation and activation of the TK domain of protumoral transmembrane receptors (eg,
VEGFR-2, RET, c-KIT, and EGFR) and prevents further activation of intracellular
signaling pathways, which are integral to cell activation, division, migration, and sur-
vival. A TKI can be specific to one or many homologous TKs. Although numerous
TKIs have been investigated in MTC patients in various phases of clinical trials, 2
agents recently have been approved for the treatment of advanced, progressive, or
symptomatic MTC: vandetanib (approved in the United States in April 2011 and in
Europe in February 2012) and cabozantinib (approved in the United States in
November 2012) (Fig. 1).102 Consideration of sunitinib or sorafenib is recommended
by the NCCN if a patient cannot receive or has progressed with vandetanib or cabo-
zantinib or has no access to a clinical trial.
Fig. 1. The MTC receptors and molecular pathways that are targeted by vandetanib and
cabozantinib.
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Vandetanib is a multi-TKI of RET (IC50 100 nM), VEGFR-2 (IC50 40 nM), and EGFR
(IC50 500 nM).103 Two phase II clinical trials evaluated hereditary MTC patients using
2 different dosing regimens: 100 mg daily and 300 mg daily.104,105 Wells and col-
leagues12 demonstrated that the 300-mg daily dose led to a 20% partial response
(PR) and 53% of the patients had stable disease. Responses did not seem to correlate
with the underlying RET mutation. These encouraging findings led to the ZETA study,
which was a large, multicenter, randomized-controlled phase III trial for patients with
MTC (hereditary and nonhereditary) and measurable disease by the Response Evalu-
ation Criteria in Solid Tumors (RECIST) (n5 331).106 Patients were randomized in a 2:1
ratio to vandetanib or placebo between December 2006 and November 2007, with the
ability to crossover to active drug if placebo-treated patients demonstrated progres-
sion while on study. At the time of publication of the results, vandetanib led to a sta-
tistically significant prolonged progression-free survival (PFS) compared with placebo:
estimated 30.5 months in the vandetanib group versus 19.3 months in the placebo
group. The overall response rate was 45% in the vandetanib group versus 13% in
the placebo group. These results led to the approval of the drug by the United States
Food and Drug Administration (FDA) in April 2011.
Cabozantinib is a multikinase inhibitor of RET (IC50 4.5 nM), VEGFR-2 (IC50

0.035 nM), and c-MET (IC50 1.8).103 The authors’ experience with cabozantinib in
MTC started with a phase I clinical trial for patients with solid tumors, which became
enriched for MTC patients once favorable responses were seen.107 Of the 37 patients
with MTC enrolled in this trial, all of whom had progressive disease prior to study entry,
29% had a PR with a combined benefit (PR plus stable disease) seen in 68% of the
patients. Due to these encouraging findings, a multicenter, randomized controlled
phase III trial (EXAM trial) was conducted where patients with MTC were randomized
to cabozantinib or placebo in a 2:1 distribution (n 5 330).11 There are some important
differences to highlight in this trial compared with the ZETA study. One is that patients
in the EXAM trial had to demonstrate progression by RECIST within 14 months prior to
study entry, whereas the ZETA study included patients who had stable disease at
baseline. The other is that the study design of the EXAM trial did not allow crossing
over to active drug treatment if a patient on placebo demonstrates progression due
to the primary objective of measuring PFS. The median PFS was significantly longer
in the cabozantinib-treated patients (11.2 months) compared with the placebo group
(4.0 months), with a PR of 28% for cabozantinib but 0% in placebo-treated patients.
Responses were observed regardless of RET mutation status and correlations of
radiologic response were made with changes in Ct and CEA levels from baseline.
Findings from this study led to the approval of cabozantinib in the United States by
the FDA in November 2012 for patients with progressive MTC.
Treatment with TKIs is associated with multiple side effects, which can be dose

limiting. Common toxicities with TKIs include the following: dermatologic (palmar-
plantar erythrodysesthesia, photosensitivity), mucocutaneous (stomatitis and taste
changes), cardiovascular (hypertension), GI (diarrhea, nausea, and anorexia), sys-
temic (fatigue), and uncontrolled hypothyroidism. In relation to vandetanib, the most
common side effects (�20%) included (in descending frequency) diarrhea, rash,
nausea, hypertension, fatigue, headache, and diminished appetite.12 QTc prolonga-
tion was observed in 14% patients (any grade) treated with vandetanib and an 8%
incidence of grade 3 or above (by Common Terminology Criteria for Adverse Events),
although there were no reports of torsades de pointes. Thus, there is a black box
warning on the package insert for vandetanib specifying the necessity to monitor
ECGs routinely when treated with this agent, avoid medications which are known to
prolong the QT interval, correct electrolyte abnormalities (hypocalcemia, hypokalemia,
ded for Anonymous User (n/a) at Zanjan University of Medical Sciences from ClinicalKey.com by Elsevier on September 22,
 2019. For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



Update on Medullary Thyroid Cancer 435

 Do
and hypomagnesemia), and correct hypothyroidism. Cabozantinib was associated
with the following common side effects (�20%, in descending frequency): diarrhea,
palmar-plantar erythrodysesthesia, weight loss, diminished appetite, nausea, fatigue,
taste change, hair color changes, hypertension, stomatitis, constipation, hemorrhage,
vomiting, mucosal inflammation, asthenia, and dysphonia.11 Grade 3 or above
adverse events of greater than or equal to 5% involved diarrhea, palmar-plantar eryth-
rodysesthesia, fatigue, hypertension, and asthenia. VEGF-related inhibition with cabo-
zantinib is associated with hemorrhage, venous thrombosis, GI perforation, and fistula
formation (adverse events grade 3 or above of 1%–3.7%). Due to these findings, there
is a black box warning on the package insert for cabozantinib for the risks of GI perfo-
ration, fistula, and hemorrhage. Given the side effect profiles of each of these drugs
and the variable propensity for specific side effects, careful recommendation of sys-
temic chemotherapy for MTC patients must be patient centered with consideration
of the underlying risk for serious side effects, such as QT prolongation or hemor-
rhage/fistula/perforation. There is an ongoing trial evaluating 2 different doses of van-
detanib (150 mg or 300 mg daily doses). A study looking at 2 different doses
cabozantinib is planned (140 mg daily or a lower dose). These 2 postmarketing studies
would enlighten as to whether a lower dose can maintain effectiveness with fewer
adverse effects.
At this time, there are no formal guidelines on when to recommend systemic ther-

apy or which drug to use. In the authors’ experience, patients with the following
should be considered for treatment with vandetanib or cabozantinib: progressive
disease as determined by RECIST within 14 months, symptomatic disease despite
best supportive care or localized therapy, local or impending compromise of neigh-
boring structures not amenable for targeted treatment, or select cases with MTC-
related problems not controlled with standard treatments (diarrhea and Cushing
syndrome).
Beyond the TKIs, other systemic treatments may have future promise. Vaccine-

based and radioisotope immunotherapy in MTC have been studied or are still under
investigation; these have not been established as yet to be of clinical benefit.108–111

There is an ongoing, multicenter, phase II trial with an MTOR inhibitor, everolimus,
for metastatic thyroid cancer of all histologies; the results have not been presented
to date. Another phase II trial with everolimus, however, in patients with thyroid cancer
of any histology reported that of the 8 patients with MTC, all had stable disease as the
best response.112
SUMMARY

The recognition that activating mutations in theRET proto-oncogene cause a substan-
tial number of hereditary and sporadic MTCs has facilitated the identification of spe-
cific syndromes and genotype-phenotype correlations. These genotype-phenotype
correlations predict the clinical behavior and prognosis of MTC, delineating the char-
acteristics of its follow-up. Furthermore, this knowledge has led to one of the most
perfect forms of cancer prevention as a total thyroidectomy is offered to patients
with predisposition for MTC. Unfortunately, many patients with hereditary and spo-
radic MTC still present with noncurable disease. Nevertheless, the characterization
of receptors and molecular pathways responsible for MTC development has allowed
the discovery of molecular targeted therapies that cause reduction of tumor size, dis-
ease stabilization, and symptomatic improvement. Clinical trials are now guiding clini-
cians on how to treat patients with MTC. There is much research needed, however, to
understand which patients would most benefit from drug therapy given the side-effect
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profiles of current available agents and the lack of survival benefit from the clinical data
available to date. On the brighter side, the past decade of basic science and clinical
research has led to great advancements in the understanding of the pathogenesis
of MTC and reaching the ultimate goal of discovering a cure.
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