
            Introduction 

 Medullary thyroid cancer (MTC), an uncommon neoplasm 
stemming from the calcitonin-producing thyroid parafollicu-
lar C cells, accounts for approximately 5 % of cases of thy-
roid cancer. It exists in both sporadic and hereditary forms 
but is unique among all types of thyroid cancer because of 
the tight association of MTC with inherited tumor syndromes 
in approximately 20 % of patients. Activating mutations in 
the   ret  proto-oncogene   account for the hereditary basis of 
MTC and contribute signifi cantly to sporadic tumor develop-
ment as well. These fi ndings have a major impact on the 
 diagnosis and therapy   of MTC. The tumor was only fi rst 
reported in 1959 [ 1 ]. MTC does not produce thyroglobulin 
and hence the latter protein does not serve as a tumor marker 
for residual or recurrent disease, but the neuropeptides, cal-
citonin, and  carcinoembryonic antigen (CEA)   are produced 
by C cell and do serve this function. The American Thyroid 
Association has published guidelines for the diagnosis and 
management of MTC [ 2 ] along with commentary relevant to 
application of the guidelines for the care of adults [ 3 ] and 
children [ 4 ].  

    Genetics 

  MTC is traditionally classifi ed as sporadic versus hereditary. 
The three autosomal dominant hereditary MTC syndromes, 
collectively referred to as MEN 2, are described in 
Table  83.1 . Multiple endocrine neoplasia type 2A ( MEN2A ) 
comprising MTC in 95 % of affected individuals, pheochro-
mocytoma in approximately 50 %, and hyperparathyroidism 
in 10–15 % is the most common MEN2 syndrome.  MEN2B  
comprises MTC (often with early onset), pheochromocy-
toma, ganglioneuromas of the oral mucosa and gastrointes-
tinal tract, a characteristic elongated facies, a marfanoid 
body habitus, and no increase in hyperparathyroidism. The 
MTC in MEN 2B tends to be more aggressive and has pre-
sented earlier in life than MEN 2A tumors.  FMTC  (familial 
medullary thyroid cancer) is a term used to describe families 
with MTC but no other associated  manifestations                                                                  as are seen 
in MEN2A or MEN2B (see [ 5 ] for review). There is sub-
stantial overlap between ret mutations associated with 
MEN2A and FMTC. Two minor variants of MEN2A have 
been described: MEN2A associated with Hirschsprung’s 
disease (hypoplasia of intestinal myenteric plexus) and 
MEN2A associated with the skin disorder cutaneous lichen 
amyloidosis [ 6 ,  7 ].

   The ret proto-oncogene encodes a receptor tyrosine 
kinase most closely related to the fi broblast growth factor 
receptor family. The physiologic role of ret is to activate 
growth- related signaling pathways in a limited range of neu-
ral crest- derived tissues that express the receptor. Downstream 
signaling pathways activated by ret include ras-MAPK and 
PI-3K/Akt [ 8 ]. Activating point mutations in ret lead to con-
stitutive activity of the receptor, sometimes with altered sub-
strate specifi city. In the thyroid, these mutations lead to 
C-cell hyperplasia (CCH) and emergence of multiple foci of 
MTC that start as medullary microcarcinomata and eventu-
ally progress to larger tumors [ 9 ]. 
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 The range of ret codon mutations seen in the various 
forms of hereditary and sporadic MTC is listed in Table  83.1 . 
Molecular screening for the ret proto-oncogene is more 
sensitive for the detection of subjects at risk for MTC than 
provocative testing, e.g., with calcium infusion. Ultimate 
clinical outcomes in patients at risk can be signifi cantly 
enhanced after detection by screening and earlier treatment. 
From the standpoint of genetic testing, it is fortunate that 
>97 % of MEN2 families can be identifi ed by analysis of 
six exons of the ret gene, including all of the mutant codons 
listed in Table  83.1  [ 5 ]. Exons 10 and 11 include mutation 
sites at codons 609, 611, 618, 620, 630, and 634 which are 
associated with both MEN2A and FMTC. Each of these 
codons encodes a cysteine residue in the extracellular 
domain of ret involved in the three-dimensional ligand 
binding pocket. Disruption of this pocket through mutation 
of any of these cysteine residues leads to ligand-indepen-
dent dimerization and receptor activation. Exons 13–16 
include intracellular domain mutation sites associated pri-
marily with FMTC and in the case of exon 16 (codon 918), 
MEN 2B. The relatively limited variety of ret gene muta-
tions within these six exons has facilitated genetic testing. 
Although a small percentage of MEN2 families have had 
no ret gene mutation detected, apparently all affected fami-
lies studied to date exhibit genetic linkage to the ret gene 
locus [ 5 ]. 

 Specifi c germline ret mutations carry important implica-
tions regarding the penetrance of MTC and associated lesions. 
For example, the most common germline ret mutation site, 
codon 634 (exon 11), accounts for approximately 60 % of all 
MEN2 families [ 9 ]. The majority of these families are classi-
fi ed as MEN2A rather than FMTC. Approximately 20 % of 
individuals with a codon 634 mutation develop hyperparathy-
roidism, whereas this manifestation is otherwise uncommon 
with other ret mutations [ 10 ]. Patients with codon 634 muta-
tions have signifi cantly earlier progression from CCH to 
MTC and earlier lymph node involvement than do patients 
with most other mutations associated with MEN2A and 
FMTC. A large European consortium study reported by 
Machens and colleagues offers detailed clinical penetrance 
data, analyzed according to individual mutations [ 9 ]. 

 In MEN 2B, the great majority of patients exhibit a single 
mutation at codon 918 (methionine to threonine), resulting in 
an alteration of the substrate recognition pocket of the tyro-
sine kinase enzyme [ 11 ]. Unlike MEN2A, MEN2B germline 
mutations frequently arise de novo in the presenting individ-
ual, e.g., are not detectable in either parent. The de novo 
mutation is noted at a much higher frequency in the allele 
inherited from the patient’s father [ 12 ]. An alternate muta-
tion at codon 883 in exon 15 has been found in a small num-
ber of MEN2B families [ 13 ]. 

 When MTC patients with a negative family history are 
investigated with germline ret testing, approximately 3–6 % 
are found to harbor such mutations [ 14 ]. The ret mutations 
linked with cryptic heritable MTC tend to be disproportion-
ately clustered in the intracellular domain (exons 13–15), 
associated with reduced MTC penetrance compared to the 
more classic familial patterns associated with extracellular 
mutations in exons 10–11. Based on this relatively high fre-
quency of detection in family history-negative patients and 
the important “multiplier effect” of identifying other family 
members at risk, germline ret testing is currently recom-
mended in all MTC patients, even in the absence of family 
history. Currently, a “complete” ret mutation test should 
include exons 10, 11, 13, 14, 15, and 16. 

 As many as 80 % of all MTCs are of the sporadic form 
[ 15 ] and acquired or somatic ret gene mutations (occurring 
in the tumor DNA only) also may be critical to pathogenesis 
in these tumors. Approximately 50 % of specimens contain 
ret mutations [ 16 ], most frequently the codon 918 mutation 
seen in MEN2B [ 17 ]. However, the discovery that mutation- 
positive and mutation-negative regions coexist in MTC 
tumors suggests that these mutations may not always be ini-
tiating or essential [ 18 ]. To further assess this tumor hetero-
geneity phenomenon, Schilling and colleagues examined 
multiple lymph nodes from sporadic MTC patients for 
somatic codon 918 mutations. Seventy-six percent of patients 
had concordant mutation results in all lymph nodes tested 
(43 % all positive, 33 % all negative) [ 19 ]. Patients with 
somatic codon 918 mutations had a signifi cantly increased 
rate of metastases to the lung, bone, or liver and reduced 
overall survival. Greater understanding of the molecular 

     Table 83.1     Classifi cation of   medullary thyroid carcinoma   

 Type  Associated lesion  Ret gene mutation (codon)  Clinical behavior 

 Sporadic  None  Somatic (esp 918)  Intermediate 

 FMTC  None  Germline (609, 611, 618, 620, 
634, 768, 790 791, 804, 891) 

 Variable, less aggressive 

 MEN2A  Pheochromocytoma  Germline (609, 611, 618, 620, 
630, 634, 790 791, 804) 

 Intermediate 

 Hyperparathyroidism 

 MEN2B  Pheochromocytoma  Germline (918, rarely 883)  More aggressive 

 Ganglioneuromatosis 

 Marfanoid habitus 
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genetics of MTC is leading to identifi cation of molecular 
 targets for new therapies [ 20 ]. Although the clinical utility of 
somatic ret mutation analysis is currently undefi ned, clinical 
trials are starting to correlate somatic ret mutation status with 
response to therapy.   

    Biochemistry 

  The characteristic secreted product of thyroid C cells and the 
most useful circulating marker for MTC is the polypeptide 
hormone calcitonin. The mature 32-amino acid polypep-
tide is synthesized as a large 135-amino acid precursor, 
which is processed by prohormone convertases in the C cell. 
Calcitonin is encoded by a multi-exon gene which produces 
two principal messenger RNA species. In addition to calcito-
nin itself, alternative splicing of the primary calcitonin tran-
script yields calcitonin gene-related peptide (CGRP). The 
resulting polypeptide hormones are unique and interact with 
distinct receptors. Calcitonin secretion predominates in nor-
mal thyroid C cells whereas CGRP predominates in neural 
tissue [ 21 ]. In MTC, abnormal RNA splicing permits an 
approximately equal ratio of calcitonin to CGRP, although 
CGRP measurement is not employed clinically. Whereas 
substantial elevations of calcitonin (>100 pg/ml) are usually 
diagnostic for MTC, modest elevations can be seen from 
extrathyroidal disorders including pulmonary infl ammatory 
diseases, small-cell lung cancer, gastrinoma, carcinoid 
tumors, and renal failure [ 22 ]. An important thyroidal cause 
of calcitonin hypersecretion is C-cell hyperplasia (CCH). 
CCH may be genetic – as a precursor lesion in the three 
hereditary MTC disorders – or sporadic, either idiopathic or 
associated with such conditions as autoimmune thyroiditis, 
papillary thyroid cancer, or primary hyperparathyroidism 
[ 23 ]. At low levels of calcitonin excess, CCH can be very 
diffi cult to distinguish from microscopic MTC. In otherwise 
healthy individuals, extrathyroidal sources of calcitonin are 
usually undetectable in serum, using a specifi c, highly sensi-
tive assay. Thus patients in remission following successful 
thyroidectomy characteristically have serum calcitonin val-
ues <1 pg/ml. 

 Current-generation calcitonin immunoradiometric assays 
(IRMA) with a detection limit of approximately 1 pg/ml are 
signifi cantly more sensitive and specifi c than older calcitonin 
radioimmunoassays. Use of the calcitonin IRMA has coin-
cided with reduced use of provocative testing with the calci-
tonin secretagogues calcium and pentagastrin in the USA, 
although several large European centers continue routine 
provocative testing. In normal adults given a pentagastrin 
infusion of 0.5 mcg/kg, normal peak values are less than 
30 pg/ml. Pentagastrin is not available in the USA and will 
soon no longer be available in Europe as well. 

 In addition to calcitonin, MTC cells express biochemical 
markers typifying secretory cells of the diffuse neuroendo-
crine system. Polypeptide hormones produced by MTC cells 
include somatostatin [ 24 ], ACTH [ 25 ], gastrin-releasing 
peptide [ 26 ], substance P [ 27 ], and vasoactive intestinal 
 peptide [ 28 ]. Other neuroendocrine markers include neuron 
specifi c enolase, NCAM, chromogranin A, prohormone 
conver tases, synaptophysin, and the amine synthetic enzyme 
L-dopa decarboxylase [ 29 ]. Approximately 80 % of MTCs 
express the thyroid and lung-related foregut transcription 
factor TTF-1 [ 30 ]. In addition, many MTC tumors express 
two surface markers that have been exploited for diagnostic 
and therapeutic purposes, carcinoembryonic antigen (CEA) 
and somatostatin receptor.   

    Diagnosis 

  The clinical diagnosis of MTC can be challenging, due to a 
potential for misdiagnosis as a more common form of  thyroid 
cancer or metastatic tumor from another site. Early accurate 
diagnosis is critical, to avoid the possibility of undiagnosed 
pheochromocytoma and to allow for an appropriate surgical 
approach. The important differences in surgical approach to 
MTC versus papillary and follicular cancer are detailed in 
Chap.   85    .  

    Sporadic MTC: Clinical Presentation 

   Outside of the 20 % of cases where there is known heritable 
disease, the diagnosis of MTC most commonly begins with 
the palpation of an asymptomatic thyroid nodule. Because 
the majority of C cells are located in the upper lobes of the 
thyroid, most MTC will present in these locations. The nod-
ule as well as any lymph nodes harboring tumor metastases 
may contain calcifi cations that will be identifi ed on CT scan 
or ultrasound examination. The calcifi cations tend to be 
more dense than the speckling seen with papillary thyroid 
carcinoma. Sporadic cases present typically in the third to 
seventh decades of life with a nearly equal prevalence in 
males and females with a slight preponderance in women. 
In most instances, the history and physical exam do not offer 
any distinctive information compared to typical patients with 
thyroid nodules. A suffi ciently detailed family history is 
warranted to detect the presence of thyroid cancer, pheochro-
mocytoma, or hyperparathyroidism in fi rst-degree relatives. 
Fine-needle aspiration cytology will allow a diagnosis of 
MTC in a thyroid nodule in perhaps 60–70 % of these 
tumors. Positive cytologic diagnosis may be aided by spe-
cifi c staining for calcitonin. Ultrasonography or CT scanning 
of the neck for detection of lymph nodes suspicious for 
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metastasis should follow a positive FNA diagnosis. As many 
as half the patients will have lymph node metastases at pre-
sentation, and approximately 20 % of patients present with 
locally advanced disease with dysphagia, painful lymph 
node metastases, or recurrent laryngeal nerve invasion and 
about 5 % will have distant metastases. Uncommon individ-
uals may present with a chief complaint related to paraneo-
plastic manifestation of MTC, such as fl ushing, secretory 
diarrhea, or symptoms of hypercortisolism and the ectopic 
ACTH syndrome. If prominent, such paraneoplastic mani-
festations usually indicate a signifi cant tumor burden. 

 An increasing number of patients with sporadic MTC are 
now being identifi ed with primary tumors that are inciden-
tally discovered by imaging directed at another condition, 
such as carotid ultrasonography or staging of an unrelated 
tumor. Although the appearance of incidentally discovered 
MTC on ultrasound, CT or FDG-PET is not suffi ciently dis-
tinctive to provide a radiologic diagnosis, MTC lesions (like 
PTC) may contain calcifi cations [ 31 ]. Even clinically unap-
parent sub-centimeter MTC lesions have a potential for 
metastasis and warrant appropriate surgical intervention. 
A MTC may also be incidentally discovered in the thyroid 
surgical specimen after thyroidectomy performed for another 
indication or for a nodule with a false-negative fi ne-needle 
aspiration cytology [ 32 ]. These circumstances of missed pre-
operative diagnosis are potentially hazardous insofar as they 
may miss coexisting hyperparathyroidism or pheochromocy-
toma the identifi cation of which would have altered the 
 surgical management. 

 All patients suspected of having MTC should have blood 
tested for calcitonin, CEA, calcium, and RET analysis. 
A controversial approach to MTC diagnosis is the routine 
use of calcitonin testing in patients with nodular goiter. Two 
large European studies found signifi cantly elevated calcito-
nin levels and MTC in a combined 0.6 % of patients under-
going surgery for multinodular goiter. According to these 
authors, only one third of these MTC cases were diagnosed 
independently by fi ne-needle aspiration biopsy [ 33 ,  34 ]. 
A follow-up Italian study found a prevalence of 0.4 % of 
 signifi cant hypercalcitoninemia and MTC in over 10,000 
patients undergoing thyroidectomy for nodular thyroid dis-
ease (basal calcitonin range 20–6,200 pg/ml). In this subset 
of patients, 65 % of individuals had an FNA result that was 
positive for MTC or other cancer [ 35 ]. The 2014 Guidelines 
of the American Thyroid Association [ 36 ] do not recom-
mend either for or against calcitonin assay as part of the 
 routine evaluation of a thyroid nodule or a nodular goiter, 
although some endocrinologists add this to standard assess-
ment using FNA and TSH, especially if any clinical features 
suggest MTC. The 2014 guidelines do recommend ultraso-
nographic imaging of the neck for lymph node mapping 
although some workers have reported that preoperative lev-
els of calcitonin may be more predictive of lymph node 

metastases than ultrasound fi ndings [ 37 ]. The degree of 
 calcitonin elevation correlates with tumor size and metasta-
ses for both familial and sporadic forms of MTC.    

    Sporadic MTC: Biopsy 

   The standard diagnostic procedure of choice for sporadic 
MTC is thyroid fi ne-needle aspiration biopsy for cytologic 
examination, either with direct palpation or ultrasound guid-
ance. The sensitivity of thyroid cytopathology for MTC is 
theoretically equivalent to that in papillary cancer. In prac-
tice, the cytopathologist needs an adequate index of suspi-
cion for atypical, cellular, colloid-poor specimens, in order 
to employ the diagnostic calcitonin immunostaining. In 
cases where there is clinical suspicion but insuffi cient cyto-
logic material, a serum calcitonin level can help confi rm or 
rule out the diagnosis. Occasionally specimens are misdiag-
nosed as atypical follicular neoplasms, or poorly differenti-
ated/anaplastic cancers. The practice of referring patients 
directly to thyroidectomy without preceding biopsy is espe-
cially discouraged. Where lymph node enlargement is fi rst 
identifi ed rather than a thyroid nodule, fi ne-needle aspiration 
biopsy is favored over lymph node excisional biopsy, in 
order to preserve the lymph node compartment for subse-
quent comprehensive neck dissection.    

    Calcitonin Testing 

   Virtually all patients with clinically evident MTC have ele-
vated basal levels of calcitonin. For clinically occult early 
MTC, basal calcitonin values may merge with the upper 
limit of the normal range, which is typically 8 pg/ml in men 
and 4 pg/ml in women. Although very rare, medullary micro-
carcinomas have been reported in patients with a normal 
basal calcitonin level [ 38 ]. At what calcitonin level is the 
presence of MTC confi rmed and in what range is CCH or 
nonspecifi c elevation more likely? This question cannot be 
answered precisely owing to confl icting results in multiple 
studies [ 39 ]. A reasonable generalization is that basal calci-
tonin IRMA values between 10 and 100 pg (prior to thyroid-
ectomy) include both early MTC and CCH, with an overall 
prevalence of MTC in the 15–30 % range [ 39 ]. Above 
100 pg/ml, the prevalence of MTC rises substantially 
although rare CCH cases can still be observed in this range. 

 Preoperative calcitonin levels correlate generally with 
tumor size. In a large French series, a calcitonin level above 
1,000 pg/ml corresponded to a median tumor diameter of 
2.5 cm, whereas calcitonin levels below 1,000 pg/ml corre-
sponded to a median tumor size of 0.7 cm and levels below 
100 pg/ml to 0.3 cm. A calcitonin level greater than 1,000 pg/
ml was associated with a 10 % risk of distant metastases 
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 versus 3 % for levels less than 1,000 [ 40 ]. Similarly, the 
degree of preoperative calcitonin elevation is an important 
predictor of the chances of normalizing the serum calcitonin 
with surgery. The chance of postop normalization falls 
from 97 % (if the preop level is less than 50 pg/ml) to 42 % 
(preop greater than 50 pg/ml) and 8 % (preop greater than 
4,000 pg/ml) [ 40 ].    

    Sporadic MTC: Other Preop Testing 

 In our institutions, individuals with newly diagnosed MTC, 
even in the absence of a family history of MTC, are evaluated 
with ret proto-oncogene DNA testing, 24 h urine metaneph-
rines or plasma fractionated metanephrines, serum calcium, 
and CEA, in addition to calcitonin. The objective is to detect 
those cases of MTC that may represent MEN2 and have asso-
ciated hyperparathyroidism or pheochromocytoma.  

    Sporadic MTC: Preoperative Imaging 

   The preoperative imaging workup varies from patient to 
patient. Differences in the application of optimal imaging 
modalities for sporadic and hereditary MTC, including 
PET-CT, have been reviewed recently [ 41 ]. At a minimum, a 
high-quality thyroid and neck ultrasound is useful to detect 
multifocal thyroid involvement and metastasis to central 
compartment and jugular chain nodes. False-negative neck 
ultrasound has been reported in approximately one third of 
patients with MTC [ 37 ]. The absence of abnormal lymph 
nodes on palpation or ultrasound does not obviate the need 
for lymph nodal dissection however. Lymph node prevalence 
in sporadic MTC can be estimated from the surgical- 
pathological data analyzed by Scollo et al. Both central com-
partment and ipsilateral jugular chain node involvement 
occurred in more than 50 % of patients, whereas contra lateral 
jugular chain nodes had a 25–30 % prevalence [ 42 ]. Even in 
the absence of central compartment lymph node involve-
ment, positive node metastases may be found in the lateral 
neck in 10 % of patients and will be found with virtually 
100 % of patients when there is involvement of four or more 
central compartment nodes [ 43 ]. Chapter   85     provides a 
detailed description of operative management for MTC. The 
ATA Guidelines [ 2 ] recommend total thyroidectomy with 
both central and lateral compartment dissection in patients 
with ultrasonographic evidence of lateral regional node 
involvement. Dralle and Machens [ 44 ] have urged caution 
for lateral neck dissection to balance potential benefi t vs. risk 
of nerve damage. Less aggressive surgery is warranted when 
distant metastases are present. In our institutions, the choice 
of additional imaging modalities is guided by the degree of 
calcitonin elevation. Very high levels may indicate  metastatic 

disease with the most frequent sites being to the lungs, liver, 
and bones. Neck and chest CT with contrast and dual- phase 
(early and late) contrast scan of the abdomen are most com-
monly employed in preoperative staging. Postoperatively, a 
neck ultrasound should be obtained when calcitonin levels 
are detectable but <150 pg/ml [ 2 ], and CT or MRI is recom-
mended when calcitonin is >150 pg/ml or when calcitonin 
levels are noted to be rising. MRI may be most useful for 
bone metastases and FDG-PET may be more useful than CT 
for lower neck or mediastinal metastases [ 45 ]. FDG-PET 
has been found to be less sensitive than other imaging modal-
ities [ 46 ] especially when serum calcitonin levels are less 
500 pg/ml [ 47 ].    

    Diagnosis of Hereditary MTC 

   Since the late 1990s, a consensus has emerged that ret proto- 
oncogene testing, rather than calcitonin provocative testing, 
is the preferred method for diagnosis of hereditary MEN2. 
The sensitivity of ret testing is excellent, currently estimated 
at approximately 98 % for known families [ 5 ]. The test is 
widely available through commercial laboratories. Effi cient 
family testing focuses on identifying the mutation in a known 
affected individual and then proceeding systematically 
through fi rst-degree relatives. The primary goal of this test-
ing is to identify presymptomatic young individuals at risk 
for MTC and allow for appropriate prophylactic thyroidec-
tomy. Additional goals are identifi cation of subjects with 
existing MTC needing treatment, as well as subjects at risk 
for pheochromocytoma and hyperparathyroidism. Prophy-
lactic thyroidectomy, at the stage of CCH or microscopic 
MTC, is associated with marked improvements in morbidity 
and mortality, compared with historical patterns of tumor 
detection later in life [ 5 ]. Earlier stage disease will be found 
with prophylactic thyroidectomy resulting in less need for 
subsequent aggressive node dissections and in higher cure 
rates [ 48 ]. Indeed, most individuals with FMTC and MEN2A 
have normal life expectancy after undergoing childhood pro-
phylactic thyroidectomy. 

 The optimal timing of genetic testing (and prophylactic 
surgery) is somewhat controversial. These decisions are 
predicated on data for the earliest onset of MTC and nodal 
metastases for a particular ret mutation site. The most com-
plete data currently available, from Machens et al., indicate 
that for the most common mutation at codon 634, micro-
scopic MTC can occur as early as age 15 months and lymph 
nodal metastases can begin as early as age 6, although ages 
14–20 are more common [ 9 ]. For other extracellular codons 
including 609, 611, 618, and 620, no patients have been 
reported to develop MTC prior to age 6 [ 9 ]. Smaller numbers 
of patients have been studied for the intracellular mutant 
codons 768, 790, 791,804, and 891, associated  predominantly 
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with FMTC. With the exception of patients with codon 804 
mutations that may variably develop cancer at an earlier age, 
few patients with these intracellular codon lesions have 
developed MTC prior to age 20. For individuals with a 918 
mutation and the MEN2B phenotype, metastatic MTC has 
been reported in the fi rst year of life. Thyroidectomy should 
be considered as early as the fi rst month of life in those 
infants with high-risk mutations in 883, 918, and 922 [ 45 ]. 

 Based on data for MTC onset and metastasis, an inter-
national consensus panel has recommended prophylactic 
thyroidectomy by age 5 for subjects harboring mutations in 
codon 611, 618, 620, or 634 [ 45 ,  49 ]. For codons 609, 768, 
790, 791, 804, and 891, no consensus was reached, with 
either a range of 5–10 years chosen [ 5 ] or ongoing close 
monitoring with serum calcitonin and CEA levels [ 45 ]. 
Because of frequent de novo mutations, patients with 
MEN2B are often fi rst suspected not on the basis of family 
history but because of a characteristic elongated facies 
and oral ganglioneuromas involving the lips and tongue 
(see Fig.  83.1 ). DNA diagnosis then provides confi rmation. 
Clearly identifi cation of MEN2B should be as early as pos-
sible, with surgical cure increasingly unlikely after the fi rst 
5 years of life.  

       Hereditary MTC: Preoperative Studies 

   All patients diagnosed with hereditary MEN 2 should have 
an assessment of catecholamine secretion prior to surgical 
procedures, as well as a basal calcitonin determination, CEA, 
and serum calcium. For young patients undergoing pro-
phylactic thyroidectomy, no imaging studies are usually 
employed. Patients in their teens and beyond or patients with 
signifi cant calcitonin elevations are considered for imaging 
studies, as described above for sporadic disease. The choice 

of operation, particularly the extent of lymph nodal  dissection 
and prophylactic parathyroid resection, depends on a knowl-
edge of natural history of inherited MTC and the impact of 
different ret mutations. In general, this surgery should be 
performed in a specialized center by surgeons familiar with 
these issues, as discussed in Chap.   85    .     

    Tumor Progression and Complications 

  Of typical patients with a palpable sporadic MTC who have 
undergone thyroidectomy and neck exploration, the majority 
will have persistent elevations of calcitonin [ 50 ]. Those 
patients who prove to be node negative with appropriate 
comprehensive lymph nodal exploration have a 95 % chance 
of an undetectable basal calcitonin level [ 42 ]. On the other 
hand, the presence of lymphadenopathy reduces the likeli-
hood of calcitonin normalization to 32 % [ 42 ]. Even patients 
considered to have undergone complete resection at the time 
of surgery have a strong likelihood of persistent hypercalci-
toninemia. In the absence of overt adenopathy or extensive 
distant metastases, the clinical course is usually character-
ized by slow disease progression. Patients with minimal cal-
citonin elevations and no radiologically detectable metastasis 
after primary surgery have an 86 % 10-year survival rate and 
relatively little tumor-associated morbidity [ 51 ]. Similarly a 
Memorial Sloan-Kettering series reported 94 % 5-year sur-
vival in patients with nodal disease alone versus 41 % in 
patients with Stage IV disease [ 52 ] (see Table  83.2 ). Thus, 
Stage III or IV disease is associated with a signifi cant reduc-
tion in disease-specifi c survival.

   In addition to regional lymphadenopathy, the most com-
mon metastatic sites include lung and hilar or mediastinal 
lymph nodes, liver and abdominal lymph nodes, and bone. 
Lung and liver metastases occur in a diffuse, hematogenous 

  Fig. 83.1    Photograph of a patient with  MEN2B   showing the typical mucosal neuromas associated with a marfanoid habitus.  a  Lips;  b  tongue; 
 c  hyperextensibility of the hands       
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pattern, usually with slow growth. Fortunately, modest 
 metastatic burdens in the lung, and to a lesser extent liver, 
can be compatible with lengthy survival. Standard imaging 
modalities including contrast CT, MRI, and PET are quite 
insensitive for detecting early liver metastases [ 53 ]. The 
inclusion of an arterial phase-contrast protocol with MRI 
apparently improves sensitivity for liver metastasis detection 
[ 45 ]. Laparoscopic liver visualization and biopsy or hepatic 
venous sampling are more invasive approaches to this diag-
nosis. Occasionally, liver metastases can become bulky and 
painful. Extensive liver metastases are also frequently asso-
ciated with diarrhea. Although liver resection is not routinely 
advocated for MTC liver metastases because of the multifo-
cality of the process, surgical debulking of symptomatic 
masses can provide useful palliation [ 54 ]. 

 The most frequent serious complications observed in 
advanced MTC relate to local tumor invasion into the thyroid 
bed, trachea, carotid sheath, and brachial plexus or prog-
ressive metastasis in the upper mediastinum, lung, or 
 peri cardium. Recurrent laryngeal nerve paresis, tracheal and 
eso pha geal invasion, superior vena cava syndrome, aspiration- 
related and post-obstructive pneumonia, and hemoptysis all 
may be seen in patients with advanced disease and contribute 
to disease mortality. Another signifi cant cause of morbidity is 
lytic bone metastasis. Although MTC lesions are not gener-
ally considered radiation sensitive, external beam radiation is 
a useful palliative measure for painful bone lesions or lytic 
metastases in weight-bearing sites. 

 The principal paraneoplastic humoral complications of 
MTC are fl ushing, diarrhea, and the ectopic ACTH syn-
drome. The etiology of fl ushing in MTC patients is still a 
cause of some debate. One likely mediator is CGRP, a potent 
vasodilator capable of inducing prolonged cutaneous ery-
thema with intradermal administration [ 55 ]. Symptomatic 
fl ushing sometimes can be improved by subcutaneous 
octreotide injection [ 56 ]. Unfortunately, octreotide has little 
effi cacy in MTC-associated diarrhea; some patients paradox-
ically worsen. 

 Like fl ushing, the pathophysiology of diarrhea in MTC 
requires further clarifi cation. The small minority of MEN2A 
patients with Hirschsprung’s disease, as well as MEN2B 
patients, have well-characterized abnormalities in enteric nerve 
development with resulting obstruction and megacolon [ 57 ]. 
In contrast, there are no reproducible structural abnormalities 
in most MTC patients with diarrhea. Functional studies have 

shown no consistent evidence for either malabsorption or a 
secretory abnormality in the small intestine. Instead, patients 
exhibit colonic hypermotility and a decreased ability to absorb 
water [ 58 ]. Intravenous CGRP can increase colonic output of 
water and electrolytes [ 59 ], although the relative importance of 
other mediators including vasoactive intestinal peptide, hista-
mine, and prostaglandins remains unclear. ATA Guidelines 
recommend use of antimotility agents such as loperamide and 
diphenoxylate to lengthen colonic transit time and provide 
symptomatic relief [ 2 ]. Calcitonin excess, per se, is not associ-
ated with any clinically signifi cant changes in bone or mineral 
metabolism.   

    Prognosis 

 Medullary thyroid cancer occupies an intermediate position 
among thyroid cancer histologic types with respect to bio-
logic behavior and long-term prognosis. Although there is 
intrinsic variability in patients’ clinical course, prognostic 
factors apparent at the time of diagnosis and initial surgery 
have important utility in predicting long-term outcomes of 
MTC. An accurate understanding of the infl uence of prog-
nostic factors in both sporadic and hereditary contexts is 
essential for selecting appropriate levels of therapeutic 
intervention. 

    Sporadic MTC 

   The most comprehensive reviews of prognostic factors in 
MTC to date are based on nationwide cancer surveillance in 
Sweden, with follow-up to 30 years [ 60 ,  61 ]. These studies 
have revealed several important predictors of survival. 
Among all sporadic MTC patients, relative survival (the ratio 
between observed and expected survival) was 63 % at 
10 years and 50 % at 20 years. The most important prognos-
tic factor was initial clinical stage (see Table  83.2 ). Stage III 
(nodal disease) and Stage IV (distant metastases) were asso-
ciated with relative hazards of 3.3 and 4.1 compared to 
patients with no nodal or distant disease. Similarly, a French 
study including 79 patients with Stage IV disease and a US 
study found a 5-year survival of 35–40 % [ 52 ,  56 ]. Initial 
clinical stage remains highly predictive of future mortality 
even up to 20 years after diagnosis [ 61 ]. Other important 

    Table 83.2     Clinical staging of   medullary thyroid cancer*   

 Stage I  C-cell hyperplasia 

 Stage II  Tumors less than 1 cm and negative lymph nodes 

 Stage III  Tumors 1 cm or more or tumor of any size with positive nodes 

 Stage IV  Tumors of any size with metastases outside the neck or with extrathyroidal extension 

  *Clinical Tumor Staging, National Thyroid Cancer Treatment Cooperative Study  
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negative prognostic indicators include tumor size >3 cm, 
capsular invasion, weak or heterogeneous calcitonin stain-
ing, male gender, and older age. By contrast, patients with a 
tumor measuring <1 cm without known metastases do not 
differ in survival from the general population [ 61 ,  62 ]. The 
impact of new molecular markers on MTC prognostic assess-
ment is still unclear. Although somatic mutations in ret at 
codon 918 appear to be associated with an adverse progno-
sis, the impact in a large multivariate analysis is unknown. 
Patients with codons 918, 883, and 992 mutations will have 
the highest likelihood of persistent residual disease after 
 initial therapy and the highest mortality rates [ 63 ]. It is likely, 
though unproven, that different ret gene mutations will 
impact on response to tyrosine kinase inhibitors and other 
experimental therapies.    

    Hereditary MTC 

   The signifi cant improvement in outcome seen over the last 
three decades for patients with heritable MTC can be attrib-
uted to the success of presymptomatic screening programs, 
fi rst with calcitonin secretagogues and more recently with 
genetic testing. Survival rates of MEN 2A subjects identifi ed 
in early childhood are projected to be indistinguishable from 
the general population [ 61 ,  62 ]. An unsettled question is 
whether the MTC in MEN2A behaves intrinsically less 
aggressively than sporadic tumors when matched for clinical 
stage. Swedish MTC registry data suggest statistically 
 similar outcomes for non-screened MEN2A and sporadic 
patients [ 62 ]. At either extremes of the hereditary MTC spec-
trum, FMTC associated with some intracellular codons 
appears signifi cantly less aggressive than classic MEN2A in 
terms of disease latency and survival [ 64 ]. MEN2B is gener-
ally more aggressive [ 5 ,  9 ]. 

 The age-specifi c likelihood that a MEN2A gene carrier 
would present with detectable calcitonin hypersecretion or 
with symptomatic MTC has been studied by Ponder and col-
leagues [ 65 ]. Approximately 65 % of obligate gene carriers 
exhibit calcitonin hypersecretion at age 20 years. By age 35, 
fully 95 % of gene carriers have a positive provocative test. 
In contrast, the likelihood of a clinical presentation with 
MTC is only 25 % at age 35 and only approximately 60 % at 
age 70 [ 65 ]. These data cannot be extrapolated to less pene-
trant hereditary MTC associated with intracellular domain 
mutations however.     

    Clinical Surveillance 

  Goals of clinical surveillance in MTC are to detect recur-
rences in patients in surgical remission and especially to 
 prevent morbidity from cancer progression in patients with 

persistent disease. It is reasonable to restage patients prior to 
performing neck reoperation, for the purpose of excluding 
Stage IV, inoperable disease. An emerging aim is to select 
patients who could potentially benefi t from clinical trials of 
systemic therapies for MTC. The intensity of clinical sur-
veillance depends on the risk of death and morbidity and the 
likelihood of a benefi cial intervention. 

 For patients with modest calcitonin elevations after 
 primary surgery, follow-up testing utilizes a combination of 
biochemical tumor markers and radiologic studies to screen 
for disease progression. In one commonly used scheme, 
serum calcitonin, CEA, and thyroid function tests are 
obtained 6 weeks after surgery and then at approximately 
6-month intervals. The timing of the postoperative calcitonin 
nadir may be variable [ 66 ] and calcitonin levels may vary 
considerably from measurement to measurement. This vari-
ability likely stems from variable secretion by tumors rather 
than assay variability. In contrast to calcitonin, CEA levels 
exhibit less inconsistency and, if elevated at baseline, are 
useful to detect disease progression. Measurements of a 
combination of calcitonin and CEA every 6 months, with 
repeated testing for outlying results, will allow estimation of 
doubling times and identify most patients with progressive 
disease [ 67 ]. A particularly worrisome pattern over time is 
a fl at calcitonin level coupled with rapid doubling in CEA. 
Overall, the most typical doubling time for calcitonin and 
CEA is approximately 18 months, refl ecting the generally 
indolent course of this disease. The ATA Guidelines recom-
mend initiation of treatment, perhaps in a clinical trial, when 
the doubling time is less than 2 years [ 2 ]. Certainly, imaging 
studies such as FDG-PET/CT should be considered to 
attempt to identify the source of the calcitonin or CEA in 
order to rule in or out other therapeutic interventions such as 
surgery, radiation, or local ablative techniques. 

 Of the available imaging modalities, high-quality neck 
ultrasound appears to have greatest sensitivity for lymphade-
nopathy in the central compartment and jugular chains [ 68 ]. 
Because of variability in imaging protocols and interpreta-
tion, high-quality neck ultrasound imaging is not available in 
all centers. Distinct advantages of ultrasound compared to 
CT/MRI are precise lesional measurements, assessment of 
the presence of a fatty hilum (characteristic of reactive 
nodes), and especially the ability to perform ultrasound- 
guided FNA of lymph nodes if needed. Neck CT and MRI 
are complementary to ultrasound by providing wider cover-
age in the neck and more detailed anatomic localization of 
lymph nodes, once they are detected. Patients with small 
elevations of calcitonin (<50 pg/ml) frequently do not have 
disease detectable by imaging. Patients with more signifi cant 
calcitonin elevations (>500 pg/ml) are frequently followed 
with periodic whole-body imaging in addition to ultrasound, 
including either CT (neck, chest, dual-phase abdomen) or 
FDG-PET [ 47 ]. 
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 In spite of the wide range of imaging options now available, 
a vexing problem for clinicians and patients is the issue of 
occult residual MTC, i.e., elevated calcitonin and negative 
imaging studies. At low levels of calcitonin, this problem 
generally refl ects low disease burden, below threshold sensi-
tivities of even sensitive techniques such as neck ultrasound. 
Even with higher levels of calcitonin and ostensibly greater 
disease burdens, patients may undergo frustrating and expen-
sive rounds of unproductive imaging. The issue of which 
whole-body modality is best for imaging occult disease 
remains unsettled. There is general consensus that octreo-
tide, DMSA (dimercaptosuccinic acid), and 131-MIBG scin-
tigraphy have lower overall sensitivity, whereas CT and 
FDG-PET have greater sensitivity overall [ 69 ]. The choice 
between CT and FDG-PET is not clear-cut, with advantages 
at different metastatic sites for both modalities, as discussed 
in Chap.   87    . In patients in whom baseline calcitonin levels 
are undetectable but levels rise minimally after stimulation, 
identifi cation of the source of the calcitonin is unlikely and 
such follow-up retesting is not recommended [ 2 ].   

    Therapeutic Choice in Residual MTC 

  Faced with a rising calcitonin level and/or metastatic lesions 
seen on imaging studies, patients and clinicians can choose 
between a course of watchful waiting or intervention with 
surgery, radiotherapy, or systemic therapy. Specifi c surgical, 
radiation, and chemotherapeutic approaches to MTC are dis-
cussed elsewhere in this text. The decision to undertake these 
interventions presupposes an understanding of MTC natural 
history and appropriate use of biochemical and imaging data, 
as well as an effective treatment option. 

 Patients with only biochemical evidence of persistent MTC 
and negative imaging studies are frequently managed expec-
tantly. In patients with mild hypercalcitoninemia and negative 
imaging, an excellent overall prognosis supports such a con-
servative approach [ 51 ,  52 ]. A more aggressive approach with 
neck reoperation with a potential curative intent seems justi-
fi ed in some patients who have not had recommended primary 
surgery, as described in Chap.   85    . On the other hand, the low 
to moderate success rates in normalizing the calcitonin level 
following repeat lymph nodal dissection suggest that this 
approach be used highly selectively [ 70 – 72 ]. 

 Radioactive iodine is ineffective for patients with MTC as 
are somatostatin analogues. Cytotoxic chemotherapy is not 
routinely recommended [ 2 ] but may be attempted for recurrent 
metastatic disease in patients who are ineligible for clinical tri-
als with targeted molecular therapy. Locoregional recurrence 
is frequently managed surgically. In the presence of Stage IV 
disease, especially with distant progression, the goals of such 
neck surgery become focused on symptom palliation and to a 
lesser extent on the prevention of anticipated complications. 
The importance of locoregional control, even in patients with 

Stage IV disease, has been emphasized [ 73 ]. The limited 
potential role of adjuvant neck radiation following surgery is 
discussed in Chap.   88     and has been reviewed [ 74 ]. ATA 
Guidelines [ 2 ] note that radiation is not a substitute for surgery 
for patients with neck involvement and recommend consider-
ation of postoperative radiation for incompletely resected dis-
ease in the neck or in bones, for brain metastases not amenable 
to surgical excision, and for painful bone metastases. There 
was no recommendation either for or against the use of 
bisphosphonates in patients with bone metastases. 

 Patients with distant metastases should be considered as 
potential candidates for investigational systemic therapy or 
clinical trials, as no currently available regimen produces 
frequent, durable responses. The decision to undertake such 
a therapy rests on a variety of factors including the rate of 
metastatic progression on interval scanning, study availabil-
ity, comorbidities, and patient preference. At this writing, a 
variety of experimental therapies have been under active 
investigation for MTC including sunitinib, sorafenib, mote-
sanib, axitinib, cabozantinib, and vandetanib [ 75 ]. These 
therapies are targeted at ret kinase inhibition, additional cel-
lular kinases, tumor angiogenesis, and protein chaperone 
function. One of the more promising tyrosine kinase inhibi-
tors is vandetanib [ 76 – 80 ] which has been effective in stabi-
lizing disease although worrisome side effects like QTc 
prolongation are a concern. Conceivably, combinations of 
targeted therapies or targeted plus cytotoxic therapies will 
prove most effective.      
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