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Introduction

Medullary thyroid cancer (MTC), which develops from para-
follicular cells of the thyroid gland, is caused in most cases 
by an activating mutation in the rearranged during transfec-
tion (RET) proto-oncogene, and in some sporadic cases, by a 
mutation in the rat sarcoma (RAS) proto-oncogene. Patients 
with a known germ-line risk factor should be screened for 
serum calcitonin levels. Diagnosis is made by nodules on 
ultrasound which can be fine-needle aspirated and tested for 
calcitonin. All patients diagnosed with MTC should be of-
fered genetic screening. Lymph node involvement is very 
common. Up to one third of patients have distant metasta-
ses on diagnosis. Appropriate surgical management includes 
a total thyroidectomy, central neck lymph node dissection, 
and lateral neck lymph node dissection if clinically indicat-
ed. Calcitonin and carcinoembryonic antigen are useful as 
tumor markers in surveillance. Local recurrences and iso-
lated distant metastases should be addressed surgically. New 
modalities developed based on the specific genetic makeup 
of MTCs are being introduced for patients with metastatic 
disease, including tyrosine kinase inhibitors.

Anatomy and Physiology of Parafollicular Cells

The parafollicular cells from which MTC originates are em-
bryologically derived from the neural crest [1]. These cells 
migrate from the third and fourth branchial pouches to the 

superolateral aspects of each thyroid lobe, and account for 
approximately 1 % of the cells in the gland [2].

The parafollicular cells are also referred to as C cells for 
the hormone they secrete, Calcitonin. Calcitonin is a 32-ami-
no-acid protein which interacts with surface receptors on 
osteoclasts to decrease calcium absorption. However, calci-
tonin ultimately has a minimal impact on peripheral serum 
calcium levels, and patients with elevated calcitonin levels 
very rarely have drastic hypocalcemia. Calcitonin as a tumor 
marker is integral to the diagnosis of MTC in sporadic and 
hereditary syndromes, and for the detection of recurrence in 
the follow-up of patients with MTC. If the basal serum level 
is elevated but not confirmatory, diagnosis can be confirmed 
with a stimulated level. Calcitonin secretion can be stimu-
lated by intravenous infusion of pentagastrin, although this 
is no longer available in many countries. High-dose intra-
venous calcium stimulation has also been reintroduced into 
clinical practice to stimulate calcitonin secretion [3]. C cells 
additionally release carcinoembryonic antigen (CEA), which 
can also be used as a tumor marker to detect recurrence on 
follow-up [4].

Risk Factors for Medullary Carcinoma

The most significant risk factor in the carcinogenesis of para-
follicular cells is an activating mutation in the RET proto-on-
cogene. The RET proto-oncogene is located on chromosome 
10q11.12, and encodes a tyrosine kinase receptor highly 
expressed on cells derived from the neural crest, branchial 
arches, and the urogenital system [5]. Upon ligand binding, 
the RET receptor dimerizes and several cytoplasmic tyro-
sine residues are phosphorylated, leading to the induction of 
downstream signal transduction pathways. RET mutations in 
MTC cause constitutive activation of the mitogen-activated 
protein kinase (MAPK) pathway, leading to cell division and 
proliferation. The (PI3)-K/AKT pathway is also activated, 
inhibiting apoptosis [6]. This combination of uncontrolled 
cell division and resistance to apoptotic stimuli leads to 
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tumor formation. Fifty percent of sporadic MTC cases have 
a documented somatic RET mutation. Additionally, familial 
medullary thyroid cancer (FMTC), multiple endocrine neo-
plasia (MEN) 2A, and MEN2B, which account for 25 % of 
MTC cases, are all caused by RET mutations [7–9]. Specific 
mutations in RET leading to the respective phenotypes of 
FMTC, MEN2A, and MEN2B have been identified [10, 11]. 
Half of FMTC incidences are related to mutations on exon 
10, 13, and 14. Mutations that highly activate RET have an 
increased risk for developing MTC and an earlier age of pre-
sentation. The American Thyroid Association (ATA) has de-
veloped a risk stratification system correlating genotype to 
risk level for aggressive MTC, with level A being the lowest 
risk and level D being the highest risk for aggressive MTC. 
FMTC mutations are generally less aggressive, with no level 
D mutations found in families with FMTC (Table 1).

RAS mutations have also been identified in spontaneous 
MTC. The RAS proto-oncogenes code for three highly simi-
lar GTPases, H-RAS, on chromosome 11p15.5, K-RAS, on 
chromosome 12p12.1, and N-RAS on chromosome 1p13.2. 
These GTPases have been shown to play an important role in 
many human cancers through activation of the MAPK cas-
cade. H-RAS and K-RAS mutations are found in over 50 % 
of RET-negative MTCs [12]. The fact that RAS and RET 
mutations in MTC are almost mutually exclusive of one an-
other suggests that both RET and RAS can act as driver mu-
tations in MTC [13].

Diagnosis of Medullary Thyroid Cancer

In patients with a known hereditary risk factor, MTC usu-
ally presents as an elevated screening calcitonin level or 
nodule(s) on screening thyroid and neck ultrasounds. These 
patients tend to have a lower incidence of lymph node in-
volvement and higher cure rates as a result of the routine 
screening. Patients with sporadic MTC often present with 
a palpable thyroid nodule or neck mass. The presence of a 
thyroid nodule in the setting of elevated serum calcitonin is 
essentially diagnostic of MTC. MTC can also be confirmed 
with ultrasound-guided fine needle aspiration (FNA) dem-
onstrating C cells on cytology, and more accurately, measur-
ing calcitonin levels in the aspiration needle washout, a test 
known as FNA calcitonin [14, 15].

There are important gender differences in calcitonin lev-
els, with males having more parafollicular C cells and higher 
calcitonin levels at baseline than women. Therefore, gen-
der-specific thresholds have been determined, with a basal 
calcitonin level of 20 pg/mL in women and 100 pg/mL in 
men, and stimulated calcitonin level of 250 pg/mL in women 
and 500 pg/mL in men having a positive predictive value of 
100 % in detecting an occult MTC [16].

Clinical Features of Medullary Thyroid Cancer

MTCs account for 5 % of all thyroid cancers. The most com-
mon age range of presentation is 35–45 years of age. The 
incidence in men and women is more evenly matched than 
other thyroid cancer histologies, with only slightly more than 
half of the patients with MTC being women.

Sporadic MTCs are usually solitary lesions, while heredi-
tary MTC presents with multicentric and bilateral disease in 
over 80 % of cases. Involvement of both central and lateral 
cervical lymph nodes is common in both sporadic and hered-
itary MTC. Early lymph node involvement is very common, 
with lymph node metastases occurring even with small pri-
mary tumors less than 1 cm in size (Fig. 1). The incidence of 
lymph node metastases increases with the size of the primary 
tumor [17]. In both sporadic and hereditary MTC, micro-
scopic lymph node involvement in the central compartment 
level VI nodes was observed in 50–80 % of patients. High 
rates of micrometastases to the lateral neck level III and IV 
nodes were also appreciated, including the contralateral lat-
eral neck nodes in patients with unilateral disease [17, 18]. 
Distant metastases are most frequently to the liver, lung, and 
bones. Rarely, brain and skin can also be sites of metastases.

Patients with MTC may experience anterior neck pain, 
which was found to be more common in MTC as compared 
to other differentiated thyroid cancers. In one series, the 
presence of neck pain translated to a more advanced stage 

Table 1   Common RET mutations in sporadic and FMTC and ATA 
risk stratification
Phenotype Exon Codon ATA risk
Sporadic MTC 13 768 A
– 16 918 D
– – – –
FMTC 11 630 B
– – 631 B
– – 634 B or Ca

– – 649 A
– – 666 A
– 13 768 A
– 14 804 A
– – 819 A
– – 833 A
– – 844 A
– 15 866 A
– – 891 A
MTC medullary thyroid cancer, FMTC familial medullary thyroid can-
cer, ATA  American Thyroid Association
Category A: Lowest risk of aggressive MTC
Category B: Second lowest risk of aggressive MTC
Category C: Second highest risk of aggressive MTC
Category D: Highest risk of aggressive MTC
a 634-bp duplication confers a risk level B; 634-point mutations confer 
a risk level C
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of disease, with 82 % of patients with anterior neck pain 
being stage III or IV, and only 36 % of patients without pain 
being stage III or IV [19]. In addition to calcitonin and CEA, 
MTCs can also secrete vasoactive intestinal peptide (VIP), 
and infrequently, adrenocorticotropic hormone (ACTH) 
[20]. Therefore, in rare circumstances patients may have 
Cushing’s syndrome as part of their presentation. Patients 
presenting with systemic symptoms related to calcitonin or 
VIP burden, including bone pain, diarrhea, or flushing, al-
most universally have distant metastases [21].

Meeting the criteria for FMTC necessitates two genera-
tions with MTC and no evidence of hyperparathyroidism or 
pheochromocytoma as first described by Dr John Farndon 
[22]. Other proposed definitions include MTC in four family 
members with no evidence of other MEN2 manifestations 
[23]. Overall, FMTC has a later age of presentation and is 
less aggressive biologically than MTCs in the sporadic or 
MEN2 setting [22]. Whether FMTC is a distinct entity or 
a specific phenotypic presentation of MEN2A is not con-
cretely defined at this time, and some consider FMTC to be 
a variant of MEN2A.

Pathologic Features

MTCs are usually found in the upper third of the thyroid 
gland, due to the normal anatomic location of parafollicu-
lar cells. Grossly, the tumors appear well circumscribed, and 
nonencapsulated. Histologically, hyperchromatic spindle 
and polygonal tumor cells can be appreciated in sheets or 
nests separated by fibrovascular septa. The vast majority of 
MTCs have extracellular deposits of amyloid protein visible 
on microscopic examination. On immunohistochemistry, 
they stain positively for calcitonin and CEA (Fig. 2). In addi-
tion to the tumor, there are often areas of C cell hyperplasia 
(CCH) in patients with hereditary MTC. The diagnosis of 
CCH is made when three low power fields (area 1.93 mm2) 
contain over 50 calcitonin-positive cells which do not dem-
onstrate any nuclear abnormalities, defects in the follicular 
basal lamina, or infiltration of the thyroid interstitium, as 
such qualities would be indicative of microscopic MTC [24].

Fig. 1   Thyroid gland and right lateral lymph node compartments from 
a patient with bilateral synchronous lesions, lymph node metastases, 
and liver metastases: a left thyroid gland with primary tumor measuring 
4 mm in greatest diameter, b right thyroid gland with primary tumor 
measuring 6  mm in greatest diameter, c right lateral neck compart-

ments III, IV, and V had significant tumor burden involving the phrenic 
nerve, which was spared. Note that despite the primary tumors being 
small, lymph node involvement was extensive and the patient also had 
liver metastases. (Courtesy of Martha Quezado, M.D., Department of 
Pathology, National Institutes of Health)

 

Fig. 2   Histopathology of medullary thyroid cancer: a hematoxylin and 
eosin stained MTC at 4× magnification view, demonstrating sheets and 
nests of tumor cells separated by fibrovascular septa, b at 20× magni-
fication view, spindle and polygonal tumor cells with hyperchromatic 

nuclei can be appreciated, c MTCs are highly positive for calcitonin 
on immunohistochemistry, which stains brown. (Courtesy of Martha 
Quezado, M.D., Department of Pathology, National Institutes of Health)
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Staging of Medullary Thyroid Carcinoma

Once a patient is diagnosed with MTC based on thyroid ultra-
sound and FNA, a basal serum calcitonin and detailed neck 
ultrasound should be obtained. The patient should undergo 
RET mutation testing, and pheochromocytoma should be 
ruled out using 24-h urine or plasma-free metanephrines and 
normetanephrines, and adrenal computed tomography (CT) 
or magnetic resonance imaging (MRI) if there is any uncer-
tainty regarding biochemical screening results. Patients with 
no clinically appreciable lymph nodes on physical exam and 
neck ultrasound, and a basal calcitonin level under 400 pg/
mL can proceed to surgical management for their MTC. If 
there are palpable nodes by physical exam, suspicious lymph 
nodes by ultrasound, or a basal calcitonin level over 400 pg/
mL, a full metastatic workup should be initiated.

The metastatic workup for MTC should evaluate the liver 
using a sensitive imaging modality such as an MRI with con-
trast. Additionally, a neck and chest CT should be performed 
to further evaluate the neck compartments and determine 
whether lung metastases, which can frequently be bilateral, are 
present. (18 F)-fluorodeoxyglucose positron emission tomog-
raphy can also be useful in detecting metastatic disease [25].

Staging is then categorized by the American Joint Com-
mittee on Cancer (AJCC) tumor, node, metastases (TNM) 
classification system which has been adapted for all thy-
roid carcinomas, including differentiated thyroid carcinoma 
histologies ( see Chap. 15 on well-differentiated thyroid can-
cer).

Prognostic Factors in Medullary Thyroid Cancer

Age, gender, symptoms at presentation, extent of thyroidec-
tomy, and TNM stage have been shown in univariate analysis 
to be significant prognostic factors in MTC. In a multivari-
ate analysis, increasing age and advanced TNM stage were 
the only independent negative prognostic factors for survival 
[21, 26, 27]. Survival decreases dramatically with increas-
ing stage (Table 2). Increased primary tumor size, positive 
lymph nodes, and distant metastases all decrease survival 
[28]. Early diagnosis and treatment have been shown to im-
prove outcomes [29]. In patients with early MTC, treatment 

with total thyroidectomy and lymph node dissection results 
in a 95 % cure rate [21].

A preoperative basal calcitonin level over 500 pg/mL is 
an excellent predictor of failure to achieve biochemical re-
mission after surgery [30]. Biochemically persistent disease 
following total thyroidectomy is prognostic of decreased 
survival, likely because this indicates advanced stage and 
metastases [29]. Likewise, calcitonin doubling time (DT) is 
a strong and independent predictor of survival. In one series, 
a DT over 2 years corresponded to a survival of 100 % at 
10 years, compared to a DT under 6 months, which had a 
survival of 8 % at 10 years [31]. In the same series, CEA 
levels did not always parallel calcitonin levels, and did not 
correlate with survival. Previous studies have shown CEA is 
less specific in predicting recurrence and survival, but may 
correspond to a less-differentiated cell population and worse 
prognosis when elevated [32–34]. Rapidly increasing tumor 
marker levels are highly suggestive of distant metastases, 
hence their ability to predict survival. Distant metastases are 
the cause of death in half of the patients with MTC. 1-, 5-, 
and 10-year survival after determining the presence of dis-
tant metastases is 51, 26, and 10–20 %, respectively [21].

Some studies of sporadic versus hereditary MTC suggest-
ed a difference in survival, while others have not [21, 27, 29]. 
What has been clearly demonstrated is the specific RET muta-
tion, rather than if it is a somatic or germ-line mutation, has 
great prognostic significance in MTC because it predicts how 
aggressively a tumor will behave, which is the basis for the 
ATA risk stratification guidelines. Among sporadic cases of 
MTC, the presence of a somatic RET mutation correlates with 
larger tumors, nodal and distant metastases, advanced stage at 
diagnosis, worse outcome, and decreased survival [35].

Surgical Management of Medullary Thyroid 
Carcinoma

The cornerstone of management for all patients with locally 
contained disease is a total thyroidectomy with central lymph 
node dissection (complete removal of all lymph nodes from 
the level VI compartment), and provides the best chance for 
cure in patients with MTC [25]. The complete central lymph 
node dissection does increase the risk of hypoparathyroid-
ism postoperatively. Care must be taken to preserve the 
parathyroid glands and their blood supply, or to remove the 
glands and perform an autotransplantation. Permanent hypo-
parathyroidism occurs in 3–4 % of patients who undergo a 
central neck dissection [36]. The risk of transient or perma-
nent injury to the recurrent laryngeal nerve is also slightly 
elevated with a lymph node dissection. However, the central 
compartment dissection is a vital component of appropriate 
treatment for MTC, and increases the cure rate [37]. Addi-
tionally, if any nodes in compartments II, III, IV, or V are 

Table 2   Ten-year survival in MTC by stage
TNM stage Overall survival (%)
I 100
II 93
III 71
IV 21
TNM tumor, node, metastases, MTC medullary thyroid cancer
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suspicious on ultrasound or intraoperatively, or a patient has 
a calcitonin level over 400 pg/mL, these nodes should be re-
moved [17, 38, 39]. Indeed, undertreated patients with only 
partial thyroidectomy or incomplete lymph node dissections 
have worse outcomes [40].

For patients with FMTC, prophylactic thyroidectomy 
can be considered based on the most recent ATA guidelines. 
Patients with level A and B germ-line mutations may delay 
prophylactic thyroidectomy, provided annual surveillance 
is in place and the family history suggests less aggressive 
tumor biology. Patients with level C germ-line mutations are 
recommended to undergo prophylactic thyroidectomy before 
the age of 5, and patients with level D germ-line mutations 
are recommended to undergo prophylactic thyroidectomy 
before the age of 1, although level D germ-line mutations are 
not generally observed in FMTC [25].

Postoperative Surveillance

Calcitonin and CEA levels should be checked 2 months fol-
lowing a total thyroidectomy with lymph node dissection, 
and every 6 months afterward. If calcitonin levels are unde-
tectable for 2 years, this interval may be increased to annual 
surveillance [25].

Patients with detectable calcitonin levels postoperatively 
are not considered cured. These patients likely had an incom-
plete surgical resection, or have metastatic disease. In any 
patient with biochemical recurrence, a neck ultrasound and 
FNA or biopsy of any suspicious masses is recommended. 
In the event of biochemical persistence or recurrence, when 
basal serum calcitonin levels reach above 150 pg/mL, a full 
metastatic workup is recommended.

Management of Locally Recurrent Medullary 
Thyroid Carcinoma

For patients found during postoperative surveillance to have a 
local recurrence, surgical intervention should be considered. 
Subcentimeter indeterminate lymph nodes can be followed 
with serial ultrasounds. In one large retrospective study of 
patients presenting with persistent MTC and serum calci-
tonin under 1000 pg/mL who previously had no or incom-
plete neck dissection, reoperation and completion of lymph 
node dissection lead to biochemical cure in 44 % of patients 
with no prior lymph node dissection, and 18 % biochemi-
cal cure in patients with incomplete lymph node dissection 
[41]. While this has not yet been validated in a randomized 
control trial, this suggests complete lymph node dissections 
can significantly increase cure rates. External beam radiation 
therapy (EBRT) may also be used for locoregional control, 
to relieve pain, and avoid compressive complications [42]. 

Common toxicities are acute mucositis and dysphagia, and 
there is no current evidence that EBRT improves survival 
[43, 44].

Management of Metastatic Medullary Thyroid 
Carcinoma

Although total thyroidectomy and lymph node dissection 
will not be curative in patients with distant metastases, pal-
liation of symptoms related to mass effect in the neck, such 
as pain, tracheal involvement, or esophageal compression, is 
absolutely indicated. If an R0 resection will not be possible, 
lymph node dissection can be limited to avoid unnecessary 
injury to the recurrent laryngeal nerves. However, recently 
a large retrospective review of a cohort with MTC showed 
thyroidectomy and lymph node resection improved surviv-
al in patients with distant metastases [28]. Given this new 
information, although the most recent ATA guidelines rec-
ommend limited surgery in patients with distant metastatic 
disease, it may not be in the patient’s best interest to rely 
on medical management alone, or perform an incomplete 
dissection. The potential survival benefits must be balanced 
against potentially grave morbidities. If there is extensive 
compression or invasion of the trachea, a tracheostomy may 
be required for palliation. Patients with residual gross dis-
ease can undergo EBRT to improve locoregional control 
[45]. However, it is important to appreciate that postradia-
tion fibrosis will make any potential future interventions sig-
nificantly more technically challenging, and therefore EBRT 
is best considered in patients who would otherwise not be 
appropriate surgical candidates.

Isolated brain metastases can be addressed with surgical 
intervention or EBRT. Patients with multiple distant metas-
tases, such as the liver and lung, do not benefit from hav-
ing metastases addressed surgically. Additionally, traditional 
chemotherapies are not particularly efficacious in control-
ling disease burden or symptoms, in addition to being highly 
toxic. Recently developed targeted molecular therapies can 
address metastatic disease in a more refined manner.

Monoclonal antibodies to tyrosine kinase receptors, in-
cluding RET, can inhibit tyrosine kinase activity, decreasing 
cell proliferation and other downstream effects of activated 
tyrosine kinases. The first tyrosine kinase inhibitor (TKI) 
approved by the Food and Drug Administration (FDA) for 
use in advanced MTC was vandetanib, an oral multikinase 
inhibitor of RET, vascular endothelial growth factor receptor 
(VEGFR), and endothelial growth factor receptor (EGFR), 
which has been shown to prolong progression-free survival, 
with a mortality rate not related to progressive disease of 
2.2 % [46, 47]. Vandetanib has also been shown to control 
Cushing’s syndrome caused by an ACTH-secreting MTC 
[48]. Since its approval, two other oral multikinase inhibitors 
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have been approved by the FDA for treatment of advanced 
MTC: sorafenib and cabozantinib.

Sorafenib targets both RET and VEGFR, and has also 
been shown to increase progression-free survival, cause 
partial responses in approximately 20 % of patients, and sta-
bilize disease in 70 % of patients with MTC [49]. In a me-
ta-analysis of all phase II trials of sorafenib for metastatic 
thyroid cancer of all histologies, the mortality rate not re-
lated to progressive disease was 3.7 % [50]. Therefore, while 
sorafenib is quite efficacious in stabilizing disease progres-
sion, there are more adverse events compared to vandetanib, 
and appropriate patient selection is crucial.

Cabozantinib targets RET, VEGF, and hepatocyte growth 
factor (MET). In a phase III trial conducted on patients with 
MTC, cabozantinib was shown to prolong progression-free 
survival as well as overall survival, regardless of RET muta-
tion status [51, 52]. Therefore, it may be particularly useful 
in patients without an RET mutation who have a weak or no 
response to vandetanib.

Sunitinib, a TKI currently FDA approved for the use in 
advanced pancreatic neuroendocrine tumors, has been shown 
to work synergistically with cisplatin against MTC in vitro, 
introducing a new potential role for traditional cytotoxic che-
motherapy in the treatment of stage IV MTC [53, 54].

Future Directions

Another pathway found to be important in the carcinogen-
esis of MTC is the mammalian target of rapamycin (mTOR) 
pathway. Inhibition of mTOR in vitro has been shown to 
suppress growth in RET mutated MTC cell lines [55, 56]. 
Therefore, mTOR inhibitors such as everolimus, which have 
been approved for several other malignancies, may have 
therapeutic value in MTC. While no phase I, II, or III trials 
have been completed to evaluate the safety and efficacy of 
everolimus in MTC, in one study two patients with progres-
sive metastatic MTC showed partial responses [57].

Immunotherapy may also have a role in the treatment of 
MTC. A phase I trial of a recombinant yeast-CEA vaccine 
(GI-6207) has shown good safety and tolerance, and one pa-
tient with MTC in the trial had a significant inflammatory 
response at their sites of metastatic disease [58].

Nelfinavir, a protease inhibitor previously used in the 
treatment of human immunodeficiency virus (HIV), may 
also have activity against MTC cells by targeting the heat 
shock protein 90 (HSP90), a chaperone protein required for 
RET stability. Nelfinavir was able to decrease RET protein 
levels, block downstream effects of RET, and induce apop-
tosis in human MTC cell lines in vitro [59].

Recently, the calcium/calmodulin-dependent kinase II 
(CaMKII) has been shown to be overactive in MTC cells 
with RET mutations. CaMKII is a serine/threonine pro-

tein kinase which among its many signaling functions can 
activate the MAPK pathway. An endogenous inhibitor of 
CAMKII, hCamKIINα has also been identified, and an in-
verse relationship between hCamKIINα expression and local 
tumor extension as well as lymph node metastases has been 
observed [60]. This suggests that inhibition of CaMKII can 
temper tumor behavior. Therefore, CaMKII has the potential 
to be a very useful target of molecular therapy in patients 
with stage IV MTC.

The more that is understood about the molecular biology 
of MTC, the more potential targets can be identified to create 
new molecular therapies specific to targeting MTC. As with 
all cancer treatments, the future lies in tailored approaches 
based on the genetic and cellular abnormalities which cause 
MTC.

Key Summary Points

•	 Medullary thyroid cancer originates from parafollicular C 
cells.

•	 Hereditary MTC and many forms of sporadic MTC are 
caused by mutations in the RET proto-oncogene, with a 
relationship between level of over activation of the RET 
tyrosine kinase and aggressiveness of tumor behavior.

•	 Diagnosis of MTC is most accurately made with FNA 
calcitonin.

•	 Staging workup includes a metastatic workup for patients 
with positive lymph nodes on physical exam or ultra-
sound, and all patients with a calcitonin level above 
400 pg/mL.

•	 Appropriate surgical management of MTC includes a 
total thyroidectomy, central lymph node dissection, and 
in patients with clinically concerning lateral nodes or cal-
citonin level above 400 pg/mL, lateral lymph node dis-
section.

•	 Postoperative surveillance includes serum calcitonin and 
CEA levels to monitor for recurrence and neck ultrasound 
if there is evidence of biochemical recurrence.

•	 Local recurrences can be managed by observation, EBRT, 
or surgical intervention, which may improve cure rates.

•	 Patients with stage IV disease may still benefit from total 
thyroidectomy and lymph node dissection for local dis-
ease control as well as a potential survival benefit.

•	 Molecular-targeting therapies, such as TKIs, which can 
specifically target tumors with a constitutively activated 
RET mutation, are a promising modality for treating 
patients with stage IV MTC.

•	 Future therapies targeting proteins unique to parafollicu-
lar C cells and over activated pathways in MTC cells may 
provide a new and more refined strategy for treating stage 
IV MTC.
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