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Introduction to Inherited Medullary
Thyroid Carcinoma

When diagnosed during childhood and early
adulthood, medullary thyroid carcinoma
(MTC) most commonly results from a dominantly
inherited or de novo gain-of-function mutation in
the REarranged during Transfection (RET)
proto-oncogene [1–4] that is associated with either
multiple endocrine neoplasia (MEN) syndrome
type 2A or type 2B (Fig. 8.1). Previously, there
was a third distinct category of familial MTC,
which is now considered a phenotypic variant of
MEN2A with decreased penetrance and/or
delayed onset of the other MEN2A-defining
manifestations [5, 6]. MTC diagnosed in older
adulthood, while more likely to be sporadic in
origin, still has the potential to be secondary to an
inherited RET mutation, even in the absence of a
family history [6–8]. This observation has led to
guideline recommendations for all individuals
diagnosed with MTC, regardless of age, to
undergo germline RET testing, preferably in the

setting of formal genetic counseling [6, 9, 10]. If a
mutation is found, first-degree relatives should be
counseled to undergo testing as well, likely
resulting in the diagnosis of additional family
members with a RET mutation who may not
exhibit any clinical or biochemical evidence of
MTC or other MEN2-associated diseases. These
individuals are called asymptomatic carriers and
in this chapter, we will discuss their management
in the context of their risk for developing clinically
relevant MTC.

The original description of MEN2A is credited
to Sipple, who reported the case of a 33-year-old
man who died of intracranial hemorrhage and was
found on a postmortem examination to have
bilateral MTC, bilateral pheochromocytomas,
and possible parathyroid hyperplasia [11]. Cush-
man subsequently proposed a relationship
between these endocrine tumors [12] and this
distinct clinical syndrome was thereafter named
MEN2 by Steiner in 1968 [13]. Successively,
several large kindreds of MEN2A were identified,
which led to linkage analysis studies and the
localization of the putative gene to chromosome
10 [14, 15]. In due course, mutations in the gene,
RET (originally cloned as an oncogene [16]),
were reported in 1993 to cause MEN2A [1, 2].
The MEN2B phenotype was originally charac-
terized in the English literature in 1966 by Wil-
liams and Pollock [17], and MEN2B was further
discerned as a variant of hereditary MTC with a
mucosal neuroma phenotype [18]. In 1994,
MEN2B was also identified to be caused by a
germline-activating RET mutation [3, 4].
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Because of the initial collaborative efforts of
the International RET Mutation Consortium, it
became quickly apparent that MEN2 was asso-
ciated with a limited number of mutations and
that convincing genotype–phenotype correlations
were present (Fig. 8.1) [19]. The high penetrance
of hereditary MTC and evolving knowledge
regarding the age of MTC onset in MEN2 led to
the rapid integration of genetic testing into
management algorithms for patients with or at
risk for MTC and this, in turn, marshaled in the
era of performing total prophylactic thyroidec-
tomy for asymptomatic RET carriers [20]. In the
contemporary era, in which genetic testing is
routinely incorporated into clinical care, children
and young adults with hereditary MTC rarely
present with clinical disease, outside of the rare
sporadic case, newly identified MEN2A kindred
or MTC associated with MEN2B. Thus, in the
twenty-first century, the presymptomatic identi-
fication of a positive RET mutation is the pre-
dominate route to an MEN2A diagnosis in young
patients. Additionally, an increasing number of
asymptomatic adult carriers have been identified
as testing for RET mutations has become more
widespread [21]. The utilization of genetic

testing in the management of MEN2 has become
increasingly complex due to greater recognition
of the capricious aggressiveness of hereditable
MTC, even among members of a kindred with
the same RET mutation [22, 23]. Furthermore,
the mutational landscape continues to evolve as
novel and uncommon RET DNA variants are
identified but remain incompletely characterized
as pathogenic mutations and are thus deemed
“variants of unknown significance” [8, 21, 24–
27]. These factors, plus the utilization of routine
calcitonin screening and ultrasonography in
asymptomatic RET carriers [6, 28, 29], have led
to the present quandary of determining the opti-
mal timing of early thyroidectomy, with the goal
of diminishing potential medical and surgical
morbidity while simultaneously ensuring an
excellent oncologic outcomes by removing the
thyroid before MTC metastasis occurs.

MTC is usually the first clinical manifestation
of MEN2, and it is most commonly multifocal,
bilateral, and located in the middle to upper
regions of the thyroid lobes, an area where the
calcitonin-positive C-cells are the most highly
concentrated [20, 30–32]. There is a
well-described, age-related progression of
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Fig. 8.1 The RET receptor (illustration adapted from
Ref. [28], with permission) and the commonly mutated
codons and associated phenotypes in the MEN2 syn-
dromes, including the 2015 ATA risk stratification (from
Ref. [6]). Age at surgery denotes the age at which
thyroidectomy is recommended with “Ctn/pref” denoting
that timing can be determined by calcitonin (Ctn) and

parent/patient preference in moderate-risk (MOD) patients.
Abbreviations: MTC, medullary thyroid carcinoma;
PHEO, pheochromocytoma; PHPT, primary hyper-
parathyroidism; CLA, cutaneous lichen amyloidosis;
HSCR, Hirschsprung’s disease; ATA, American Thyroid
Association; MOD, moderate risk; H, high risk; HST,
highest risk; and Ctn/pref, calcitonin/preference
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malignant disease with lymph node and distant
metastases usually occurring years after the onset
of tumorigenesis [33]. C-cell hyperplasia repre-
sents the initial stage in the oncologic evolution
to microscopic, noninvasive MTC and ultimately
to frankly invasive carcinoma that gives rise to
metastatic disease [28, 30, 32, 33]. The cervical
and mediastinal lymph nodes are the most com-
mon sites of metastatic disease; typical distant
sites for hematogenous spread include the lungs,
liver, and bone/bone marrow.

In MTC, older age at diagnosis, larger tumor
size, positive lymph node disease, and the pres-
ence of distant metastases predict lower
disease-free survival and higher mortality [34–
40]. Patients with MTC arising as part of the
MEN2 syndromes have a better prognosis than
patients with sporadic MTC [38, 39], and indi-
viduals with MEN2B have the worst outcome
[38]. However, it remains unclear that MTC
arising in the context of MEN2B is inherently
more biologically aggressive [41], as overall
survival may be more impacted by the extremely
early onset of MTC in MEN2B coupled with its
frequently delayed diagnosis [42, 43].

MTC in MEN2A

MEN2A accounts for around 95 % of MEN2
cases and is characterized by the variable
development of MTC in >90 % of RET mutation
carriers during the course of their lifetimes [6, 19,
21, 26, 28, 44–46] (Fig. 8.2). Mutations associ-
ated with MEN2A are primarily located in the
extracellular cysteine-rich domain of the RET
proto-oncogene, usually in exon 10 (codons 609,
611, 618 or 620) or exon 11 (codon 634) but can
also be found in the intracellular tyrosine kinase
domain in exon 13 (codons 768 or 790), exon 14
(codon 804), or exon 15 (codon 891) [6, 8, 19,
47]. Whereas in past decades mutations in codon
634 (exon 11) accounted for the vast majority of
MEN2A cases, more recently the prevalence of
other mutations has increased [8, 48]. Individuals
with a RET codon 634 mutation represent the
prototypical MEN2A patient and have the
greatest risk of developing early MTC followed

by those with mutations in codons 609, 611, 618,
620, or 630, whereas mutations in codons 768,
790, 804, or 891 impart the lowest risk for
clinically aggressive MTC [6, 21, 28, 45].
Although genotype–phenotype correlations are
typically strong in MEN2A, it is important to
remember that the age of MTC onset and disease
aggressiveness may not always hold true to the
predicted phenotype [22, 23].

MTC in MEN2B

MTC occurring in the clinical context of MEN2B
is a completely penetrant disease with a uni-
formly early age of onset, even within the first
few months of life [49]. The tempo of disease
progression is accelerated compared with
MEN2A, and metastatic lymph node disease has
been documented within the first twelve months
of life [50]. The average age of onset of MTC is
in the second decade of life, about 10 years
earlier than that seen in individuals with MEN2A
[37, 43, 51–53]. MEN2B is due to a de novo
RET mutation in >90 % of cases [8, 49], and
thus, the diagnosis is usually delayed, leading to
the likelihood that MTC will already have
metastasized and become incurable. However,
recent data would suggest that, even in de novo
cases, surgery may still be curative if performed
before age 4 years [49]. The M918T RET
mutation is identified in >95 % of MEN2B
patients. Rarer MEN2B mutations include double
RET mutations involving codon 804 and the
A883F mutation, which may be associated with a
less aggressive MTC phenotype [54].

Early Thyroidectomy

After it metastasizes beyond the thyroid gland,
MTC is most often an incurable disease and one
that may ultimately lead to the death of the
patient. However, given our ability to identify
RET mutation carriers before they develop clin-
ically relevant disease, hereditary MTC has
become one of the few malignancies that can be
prevented (via prophylactic thyroidectomy) or
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cured (via early thyroidectomy) before it
becomes clinically apparent. In the hands of
experienced surgeons, children with MEN2 who
have a total thyroidectomy performed prior to the
onset of metastatic disease have an excellent
chance of remaining disease-free with minimal
morbidity [6, 28, 36, 37, 49, 55–59].

Commonly accepted is the notion that early
thyroidectomy is curative for MTC and ulti-
mately will become necessary for most individ-
uals with a RET mutation, but debate remains as
to the optimal timing of surgery for those MEN2
patients with mutations in codons other than 918
and 634, particularly as rarer and less virulent
RET mutations are becoming more prevalent in
the genetic testing era. In general, the primary
oncologic goal of early intervention is to render
the patient free of MTC and the potential risk of
death from metastatic disease. A true prophy-
lactic thyroidectomy will prevent malignancy
from occurring in the first place, but most
important is to remove the thyroid before
metastasis occurs (early thyroidectomy). As more
children undergo thyroidectomy earlier than in

the past, it is anticipated that the earliest age of
diagnosis of MTC for any given RET mutation
will continue to drop (Fig. 8.2), but the diagnosis
of isolated cases of microscopic non-metastatic
disease at an extremely young age should not
justify a broad prescription for similar at-risk
patients to have surgery at that age.

Before the identification of RET and the
incorporation of routine genetic testing into the
management of kindreds with MTC/MEN2, the
calcitonin response to the intravenous adminis-
tration of a calcitonin secretagogue (calcium,
pentagastrin) [60] was used to identify individ-
uals at risk for MTC and to help establish the
timing of surgery. This practice was supplanted
by genetic testing, and the first recommendations
regarding the appropriate age for thyroidectomy
were generated on the basis of the specific RET
mutation present and the earliest age at which
MTC had been diagnosed for that particular
mutation [20, 51].

Evolving from the 7th International Workshop
on MEN in 1999, a consensus statement issued in
2001 was the first to categorize RET
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Fig. 8.2 Earliest age of medullary thyroid carcinoma
(MTC) onset varies depending on the specific RET
mutation present. The age of onset of MTC is decreasing
for mutations in most codons over time probably because
of more widespread genetic testing and earlier surgical
intervention. Thus, a well-defined age determination for

early thyroidectomy is becoming less clear based upon
genotype alone. The mutations are color-coded by the
ATA risk stratification Ref. [6]. Data compiled from the
ARUP MEN2 RET online database [26] and an exhaus-
tive literature review
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proto-oncogene mutations into one of three sep-
arate risk levels (Levels 1–3, level 3 being the
highest risk) [51]. Subsequently, the American
Thyroid Association (ATA) published guidelines
in 2009 that further developed the risk categories,
assimilating updated data on RET mutations and
phenotypes and placing codon 634 mutations
within a separate risk level [61]. The 2009 ATA
guidelines stratified all known RET mutations
into one of four risk levels (ATA risk levels A–
D, level D being the highest risk), and the idea of
safely deferring early thyroidectomy while
offering careful, expectant monitoring in indi-
viduals with lower risk RET mutations was
introduced. This new concept of monitoring
children in whom the chance of identifying MTC
is low (those with normal calcitonin levels, nor-
mal neck ultrasonography, and a less aggressive
MTC family history) was shown to be a rea-
sonable approach to the care of low-risk MEN2
patients [56, 62]. However, a subsequent study
demonstrated the low sensitivity of ultrasonog-
raphy in predicting microscopic MTC in the
asymptomatic MEN2A carrier [29]. In 2015, the
ATA guidelines were further refined to simplify
the risk levels into “highest risk” (the previous
level D, which includes MEN2B patients with a
RET codon M918T mutation), “high risk” (in-
cludes patients with RET codon C634 mutations,
the previous level C, and the RET codon A883F
mutation, formerly level D), and “moderate risk”
(previous levels A and B) [6] (Figs. 8.1 and 8.2).

The latest guidelines suggest performing a
total thyroidectomy in the first year of life in
asymptomatic carriers with the highest risk
mutation and at or before age 5 for those with a
high-risk mutation. With all other RET muta-
tions, the timing of surgery can be determined by
the detection of an elevated serum calcitonin
level, recognizing that the ultimate decision
should be made by the multidisciplinary team in
consultation with the child’s parents or guardian,
who may opt for an earlier intervention.
Although largely unstudied, the approach of
cautious surveillance may even be appropriate in
select children with high-risk mutations, who
may still be cured of their disease even if surgery

is not undertaken at the currently prescribed ages
[36, 37, 41, 43, 49, 54, 56, 58, 59, 62–65].

Children over the age of 36 months who have
basal serum calcitonin levels <30–40 pg/ml and
thyroid nodules <0.5 cm on a high-quality
ultrasound are unlikely to have metastatic MTC
[37, 61, 62, 66]. Thus, in MEN2 patients who
have a normal basal serum calcitonin level and a
normal thyroid ultrasound and therefore very
little chance of having MTC, the benefits of
postponing surgical intervention most likely
outweigh the associated risks of early thy-
roidectomy, particularly if access to a
high-volume multidisciplinary care center is
unavailable. Nonetheless, the use of calcitonin
monitoring must be undertaken with knowledge
regarding normal serum calcitonin levels in
children, which are highest in infancy and
decline to adult levels after age 3 years [67, 68],
and understanding that large studies validating
normal calcitonin ranges in young children are
not available for all commercial assays. More-
over, an elevated serum calcitonin level does not
always indicate the presence of malignant C-cell
disease [37, 66] and can also be found in
non-neoplastic conditions, most notably chronic
kidney disease, autoimmune thyroiditis, and
hyperparathyroidism [6]. Conversely, MTC can
also be present pathologically even in the pres-
ence of a normal serum calcitonin level [29].

It is essential for clinicians who treat children
with MEN2 to distinguish those who clearly
require early thyroidectomy to prevent MTC
morbidity and mortality and not to overtreat
those RET mutation carriers who are unlikely to
develop clinically relevant disease over the short
term. Although surgical intervention in a child by
a high-volume surgeon should be as safe as it is
in an adult, the regrettable truth is that many
children with MEN2 do not have access to such
experts [35, 69], and their complication rates
may be higher for that reason [69, 70]. Treating
permanent hypoparathyroidism in a child is quite
challenging, in addition to the lifelong impact it
has on the patient and family. Parental guilt and
psychological distress may also occur after the
identification of a child with a RET mutation
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[71], and reassuring parents that their child can
be safely monitored instead of steering him or
her swiftly to surgery may have positive effects
on the family. Additionally, early surgical and
medical intervention may also negatively impact
the child, stressing the need for initial and
ongoing psychological and genetic counseling
support [28, 51, 61, 71]. Finally, it is apparent
that many children with MEN2 have inadequate
thyroid hormone replacement on follow-up [57,
72, 73], and the potential sequelae of iatrogenic
hypothyroidism remain poorly studied in this
population. Thus, a frank discussion regarding
the need to adhere to lifelong levothyroxine
therapy should also have when the timing of
early thyroidectomy is discussed.

Although the timing of surgery is most often
considered in the context of the pediatric age
group, adult asymptomatic carriers are becoming
more common as RET testing expands in at-risk
cohorts. Considerations for surgical intervention
in this population are similar to their younger
counterpart with the exceptions that the risk of
hypocalcemia is less and the patients are able to
make well-informed decisions for themselves.

Surgical Management

Surgery remains the primary treatment and only
curative intervention for MTC [6, 9, 10]. In
MEN2A and MEN2B, early thyroidectomy,
performed either in a prophylactic or therapeutic
fashion, can alter the natural history of disease
and improve long-term oncologic outcomes [36,
37, 55–59]. When discussing early thyroidec-
tomy in asymptomatic RET mutation carriers,
notable is the fact that surgical complication rates
are higher in children compared with adults [70].
Therefore, as with any rare disease and to lessen
the likelihood of iatrogenic injury, children
requiring surgery should be operated on by a
high-volume thyroid surgeon familiar with the
MEN2 syndromes [6, 28]. Optimizing outcomes
by utilizing high-volume surgeons necessitates a
multidisciplinary approach and advocacy by
parents, pediatricians, endocrinologists, sur-

geons, and third-party payors [69].
In addition to the decision of when to perform

an early thyroidectomy, the surgeon must also
understand the patient’s genotype and clinical
data and incorporate this information into the
decision-making process to determine the
approach to lymph node and parathyroid gland
management. For surgical planning, a thorough
preoperative cervical ultrasound to identify
nodular thyroid disease and lymph node metas-
tases is essential. The goal of thyroidectomy in
the MEN2 syndromes is the complete and safe
removal of all thyroid tissue, including the pos-
terior capsule (i.e., not a near-total or subtotal
thyroidectomy) [74]. A central compartment
(Level VI) neck dissection [75] is not required in
the setting of an early thyroidectomy without
clinical evidence of MTC, as lymph node
metastases are exceedingly rare in that setting [6,
33, 36, 37, 47, 62, 66, 74]. However, in a child
with MEN2B, central compartment neck dissec-
tion should be considered if the parathyroid
glands can be readily identified and safely pre-
served or if previously unidentified lymph node
metastases are identified intraoperatively. If the
surgical intervention is therapeutic for a clini-
cally evident tumor (i.e., evidence of lymph node
metastases, serum calcitonin level >40 pg/ml),
total thyroidectomy and a concomitant central
compartment neck dissection should be per-
formed [6]. Compartment-oriented dissection of
the lateral cervical lymph node compartments
(levels IIA–V) is indicated in cases in which
there is clear evidence of lateral neck involve-
ment and can be considered in MEN2B patients
who have clinically apparent disease and signif-
icantly elevated serum calcitonin levels. In the
rare presence of a high burden of distant meta-
static disease, less aggressive neck surgical
intervention may be appropriate [6].

Though highly unlikely, if primary hyper-
parathyroidism is diagnosed at the time of early
thyroidectomy in patients with MEN2A, con-
comitant parathyroidectomy of the affected
gland(s) should be performed [6, 10]. In the
absence of primary hyperparathyroidism, normal
parathyroid glands should be left in situ to offer
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the greatest chance at maintaining function,
though there is some controversy in the literature
[6, 74, 76, 77]. In the event that a normal
parathyroid gland is devascularized during the
course of the operation, the gland should be
autotransplanted into either the sternocleidomas-
toid muscle or non-dominant forearm, depending
on the specific RET mutation present and the
inherent risk for the future development of pri-
mary hyperparathyroidism [6, 28]. RETmutations
associated with primary hyperparathyroidism
include those located on Exon 10, 11, 14, and 15.

Conclusions

Hereditary MTC and the MEN2 syndromes are
rare endocrine disorders that are increasingly
being managed during an asymptomatic phase
secondary to the increased utilization of genetic
testing in patients with MTC and at-risk family
members. Despite the discovery of RET and its
role in MTC, remarkable advances in our
understanding and clinical care have occurred. It
remains important to recognize the
well-established MEN2 genotype–phenotype
correlations while also acknowledging our limi-
tations in predicting the appropriate timing of
surgery in the asymptomatic, low-risk MEN2
patient. Future research should focus on the
long-term oncologic and quality-of-life outcomes
after early thyroidectomy, better delineation of
genotype–phenotype correlations (especially as
more RET DNA variants are characterized), and
how to predict more accurately which individuals
would benefit from timely thyroidectomy based
upon clinical data and which patients can be
safely monitored without early intervention.
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