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Abstract

Medullary thyroid carcinoma (MTC) is an uncommon malignancy of neuroendocrine origin
derived from the parafollicular C cells. Although infrequent, the interest in this cancer exceeds
its incidence owing to its distinctive features and its characteristic association with other endo-
crine tumors. Although the majority of MTCs are sporadic, hereditary varieties occur in isolation
or as a part of multiple endocrine neoplasia type 2 syndrome (MEN 2). Currently, complete
surgical resection of the tumor and nodal metastases with a curative intent remains the mainstay
of therapy. The role of adjuvant therapy is limited, although radiotherapy and newer targeted
therapies are routinely used for metastatic disease. The lack of consensus in the available guid-
ance regarding the most appropriate diagnostic, therapeutic and follow-up strategies has caused
substantial variability in clinical practice. Therefore, this review summarizes the latest available
evidence and guidelines on the management of MTC with an emphasis on diagnosis, surgical
treatment and follow-up.
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Introduction
Department of Surgery, Faculty of Medicine, University of

Thyroid cancer is one of the most common
cancers worldwide, affecting people in
both developing and developed countries,
with an incidence of 600,000 new cases
diagnosed annually.'? Medullary thyroid
cancer (MTC) is relatively rare and
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accounts for approximately 1% to 2% of all
thyroid cancers."** However, MTC is
associated with high mortality, with a dis-
proportionate rate of 8.6% of thyroid
cancer-related deaths.! Unlike in differenti-
ated thyroid cancers, the low incidence and
limited number of large-scale studies of
MTC have resulted in a paucity of high-
quality evidence to reach a consensus on
diagnosis and treatment.’

Most MTCs are sporadic (75%)
although some (25%) are hereditary,
either familial or occurring in association
with multiple endocrine neoplasia type 2
(MEN 2) syndrome secondary to a germline
mutation in the RET proto-oncogene.’
Total thyroidectomy is the mainstay of
treatment, which may be combined with
central only or central and lateral neck dis-
section owing to frequent cervical lymph
node metastases.” Radioactive iodine treat-
ment, which is the primary adjuvant treat-
ment modality in differentiated thyroid
cancers, 1s Ineffective in MTC because
MTC cells do not take up iodine-131.7
Newer modalities of targeted treatments,
including tyrosine kinase inhibitors, have
shown promise in advanced and recurrent
disease.®

The goals of surgical therapy are preven-
tion of locoregional recurrence and enhanc-
ing disease-free  long-term  survival.
Parafollicular C cells of the thyroid produce
calcitonin and carcinoembryonic antigen
(CEA) which are used as markers of the
extent of disease at diagnosis, biochemical
cure after surgery and to detect recurrences
during follow-up because these markers
have a greater sensitivity than that of
serial imaging.

MTC may take an aggressive course in
some patients, causing early metastasis and
leading to marked morbidity and mortali-
ty.® In other patients, sporadic MTC can
take an indolent course with higher rates
of survival even with established metastatic
disease, which raises controversy regarding

the extent of the initial surgery in sporadic
variants.” Numerous guidelines regarding
MTC have been formulated by professional
bodies, namely the American Thyroid
Association (ATA), European Society of
Medical Oncology (ESMO) and the
British  Thyroid  Association (BTA).
However, there is high variation in the
guidelines and a lack of consensus regard-
ing clinical practice.'®'? The purpose of
this review was to summarize the available
evidence and guidelines and provide an
updated consensus regarding the manage-
ment of MTC with an emphasis on diagno-
sis, surgical treatment and follow-up.

Ethics approval was not required in our
institution for this study type.

Etiology
Sporadic

The sporadic variant accounts for almost
75% of all cases of MTC, which usually
presents during the fourth to sixth decades
of life." The sporadic form shows a strong
oncogene predominance, with complete
activation of the RAS signaling pathway
via somatic mutations in the RET or RAS
genes.'> The main oncogenic drivers in
MTC are RET, which is a receptor tyrosine
kinase, and RAS. The presence of these
oncogenic drivers is associated with poor
survival independent of the tumor stage.'
A dose-effect relationship is evident in
somatic RET mutations where the presence
of more than one somatic mutation of the
RET proto-oncogene within the same
tumor predicts worse clinical outcomes.
Furthermore, the RET mutation profiles
may differ greatly, ranging from 8% to
20% within the same primary tumor and
its metastases.'’

Certain environmental risk factors, espe-
cially environmental pollutants, have been
attributed to the causation of MTC; how-
ever, the evidence is inconclusive. It is
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suggested that chemical pollutants, such as
pesticides, industrial chemicals, phthalates,
polychlorinated biphenyls (PCB) and per-
fluorinated compounds (PFC), brominated
flame retardants, perchlorates, heavy
metals and air pollutants can pose a signif-
icant risk in developing thyroid carcinoma
in general.'® However, associations with
environmental risk factors have not been
conclusively proven for MTC.

Hereditary

The inherited form of MTC, which is asso-
ciated with MEN 2 syndrome, is subclassi-
fied into two distinct forms as MEN 2A and
MEN 2B; type 2A is the most common clin-
ical subtype.'® The inherited form of MTC
is transmitted in an autosomal dominant
fashion with almost complete penetrance
as a result of a variety of mutations in the
RET proto-oncogene.® MEN 2A is charac-
terized by the presence of MTC-associated
pheochromocytoma (PHEO) or primary
hyperparathyroidism (PHPT) or both in
the context of a germline RET mutation.'®
MEN 2B is a relatively rare and clinically
aggressive form of MEN 2 in which MTC
occurs in almost all patients, who present at
a younger age.'® Familial MTC, which is
characterized by the presence of only
MTC without PHPT or PHEO, is now con-
sidered a variant of MEN 2A.%!°

Diagnosis

MTC has a higher tendency toward lym-
phatic spread compared with differentiated
thyroid carcinoma.'® Large node-negative
tumors and small node-positive tumors gen-
erate comparable amounts of serum calcito-
nin.'” The sensitivity of most advanced
imaging modalities is inadequate to detect
early nodal calcium deposits. '” Therefore,
early diagnosis and determining the
extent of surgery remains challenging.'’
Additionally, a thorough initial diagnostic

evaluation is vital with a detailed clinical and
family history to identify symptoms associ-
ated with PHEO and PHPT (Table 1).

Clinical presentation

Preclinical MTC is defined as a positive
RET gene mutation with a normal thyroid
examination in a patient diagnosed with
MTC during screening.'® Detecting preclin-
ical disease helps in the early identification
of disease, and intervention at this stage
leads to lower morbidity and mortality
than those with late detection.'”

Most patients with sporadic MTC pre-
sent with a solitary thyroid nodule most
often located in the upper part of the lobe
because C cells predominate in this region.®
At presentation, most (70%) patients have
cervical node involvement and some (15%)
may even exhibit compressive symptoms
of the upper aerodigestive tract.®
Approximately 5% to 10% of patients
with sporadic MTC present with distant
metastasis to the liver, lung, bones, brain
and skin."!" The presentation of inherited
MTC patients is similar to those with spo-
radic MTC. ¢ Patients with inherited MTC
may present with systemic manifestations as
a result of excess hormone secretion by the
tumor, which comprises calcitonin and its
related peptides and which causes facial
flushing and diarrhea.® The rare variant
known as adrenocorticotrophic hormone
(ACTH)-secreting medullary thyroid cancer
may present with signs of Cushing’s syn-
drome.® Patients may also present with man-
ifestations of MEN 2 syndrome."

Imaging

Preoperative imaging helps determine the
need, extent and nature of lymph node dis-
section. The first-line imaging choice is
high-resolution neck ultrasonography.'
Although this imaging method accurately
detects structural neck disease, there is the
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potential to miss lymph nodes behind the
thyroid and in the upper mediastinum,
which are seen in more than one-third of
patients.19 Therefore, false negative results
in preoperative ultrasonography are not
uncommon. "’

Modern imaging modalities, such as
computed tomography (CT), magnetic res-
onance imaging (MRI), nuclear medicine
techniques, such as positron emission
tomography (PET)/CT, cholecystokinin
receptor subtype 2 (CCK2R)/gastrin recep-
tor and gastrin receptor scintigraphy,
immunoimaging using labeled antibodies
with radionuclide targeting and bone scan/
scintigraphy for patients with extensive
neck disease and metastasis have revolu-
tionized the technology in imaging and
diagnostics.”® Newer functional imaging
modalities, although limited in MTC, may
be of clinical use. These modalities com-
prise diffusion-weighted imaging (DWI)
MRI, dynamic contrast-enhanced (DCE)
MRI and PET/CT using fluorine-18-
dihydroxyphenylalanine  (18F-FDOPA),
18F-fluorodeoxyglucose (FDG) and 68Ga-
labeled somatostatin (SST) analogues.?

Fine-needle aspiration (FNA) of a thy-
roid nodule can confirm the suspicion of
sporadic MTC.?! However, owing to mor-
phological heterogeneity on FNA in some
cases, the diagnosis can still be challeng-
ing.>! MTCs classically show a dispersed
cell pattern with plasmacytoid, epithelioid,
polygonal or spindle cells with background
stromal amyloid and absent follicles on
cytology.?! However, these findings should
be further confirmed by immunohistochem-
ical stains showing positivity for calcitonin,
chromogranin and CEA with minimal thy-
roglobulin staining."?'

Tumor markers

Complimenting ultrasonography and FNA
with serum calcitonin is controversial owing
to the frequently false high calcitonin

values.® However, this issue can be mini-
mized by confirming high calcitonin levels
with a pentagastrin stimulation test.
Although conditions other than MTC can
increase serum calcitonin levels, namely
chronic renal failure, primary hyperpara-
thyroidism and autoimmune thyroiditis, a
majority of patients with calcitonin levels
>100ng/L have MTC.?* The degree of ele-
vation of calcitonin in MTC patients corre-
lates well with the volume of the primary
tumor and the extent of nodal and distant
metastasis.”® The degree of elevation is also
a predictor of the potential of achieving
biochemical cure following surgery.”® The
risk of nodal metastasis correlates with
increasing calcitonin levels where a level of
500 ng/L predicts a 5% likelihood of distant
metastasis with a 50% likelihood of cervical
lymph node metastasis.*

CEA is a useful tumor marker although
its sensitivity and specificity are inferior to
those of calcitonin.”> However, in the con-
text of MTC, CEA levels correlate well with
disease progression, where levels
>30,000 ng/L predict lymph node metasta-
sis in more than 70% of patients with MTC,
and levels >100,000ng/L are associated
with a 75% increased risk of distant
metastasis.?

Genetic testing and excluding coexisting
disorders

Patients with newly-diagnosed sporadic
MTCs should undergo genetic testing by
sequencing exons 10 and 11, and 13
through 16 of the RET proto-oncogene.’*
Approximately 6% to 7% of patients with
apparently sporadic MTC have unsus-
pected germline RET mutations, and
approximately 60% of the patients with
definitive sporadic MTC have somatic
RET gene mutations.”** Comprehensive
sequencing of the remaining exons may be
undertaken in patients with a strong clinical
suspicion or a family history suggestive of
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inherited MTC.?® These patients should be
referred for genetic counselling, and when a
patient is found to be positive for a germ-
line mutation, their family members also
should undergo genetic counselling and
screening.®

It is essential to perform a thorough
evaluation for coexisting tumors in patients
with MTC by measuring serum calcium to
rule out hyperparathyroidism, which might
require simultaneous surgical intervention.®
Measuring plasma fractionated metanephr-
ines to screen for PHEO is also required.®
Patients without a family history of MEN 2
or those with negative RET gene testing
results do not require such screening.®

Staging

Tumor-node-metastasis (TNM) staging of
MTC depends on the tumor size, extrathyr-
oidal extension, local and regional nodal
involvement and distant metastasis.”’
Approximately 81% of patients with palpa-
ble MTCs were shown to have involved
lymph nodes in the central compartment.”®
This finding highlights the importance of a
thorough evaluation by lymph node map-
ping in patients with MTC. Extensive eval-
uation should be pursued if bulky nodal
metastasis is documented, especially with a
high  calcitonin  level  (>500ng/L).°
Ultrasonography should be complemented
by contrast-enhanced computed tomogra-
phy (CECT) of the neck and chest, which
helps identify neck and mediastinal dis-
ease.'” Tri-phasic contrast CT, contrast-
enhanced MRI and axial MRI or bone scin-
tigraphy can be performed to further eval-
uate distant metastasis, which occurs
frequently in the liver and bone.'” 18-
FDG-PET is not routinely recommended
for the initial screening of patients with
MTC.""

Surgical management

MTC diagnosed following lobectomy

In patients in whom MTC is discovered fol-
lowing thyroid lobectomy, further investi-
gation should be undertaken to identify
inherited MTC and to perform total thy-
roidectomy to prevent contralateral
MTC."® Investigation should comprise
basal serum calcitonin levels, neck ultraso-
nography, identifying RET mutations and a
detailed family history.'® Patients can be
observed if all investigations are unremark-
able and resection margins are negative
with unifocal disease and no C cell hyper-
plasia.'® Reoperation with lymph node dis-
section is indicated if the patient has
positive ultrasonographic findings with an
elevated calcitonin level.'” The ATA recom-
mends total thyroidectomy in sporadic
cases only if serum calcitonin remains ele-
vated 3 months after surgery or if radiolog-
ical evidence demonstrates residual
disease.! In contrast, the BTA recommends
total thyroidectomy with or without central
neck dissection in sporadic MTC with
tumors measuring >5mm in diameter.”’
The BTA recommends the measurement
of serum calcitonin levels to guide further
surgery in those with tumors measuring
<5mm in diameter®® (Table 2).

Presurgically diagnosed MTC

MTC can be suspected in patients present-
ing with a thyroid nodule based on cytolo-
gy, serum calcitonin levels or the detection
of a germline mutation in the RET proto-
oncogene.*® Correlating radiological evi-
dence with clinical suspicion can help
regarding the decision to proceed with
total thyroidectomy. Total thyroidectomy
is preferred owing to the high incidence of
multifocal and bilateral disease, which is
observed in 15% and 5%, respectively, of
patients with sporadic MTC.*
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MTC confined to the neck. Total thyroidecto-
my is the treatment of choice for MTC con-
fined to the neck, with complete excision
of the tumor and any involved regional
lymph nodes.*® This approach offers the
best chance of disease-free survival.®
Preoperative  ultrasonographic  findings
and intraoperative identification of positive
Ilymph nodes may help guide the extent of
cervical lymph node dissection.®

Node-negative MTC. Patients with node-
negative MTC have an overall survival rate
similar to that of the general population.’’
When there is no evidence of cervical node
involvement on preoperative ultrasonogra-
phy, prophylactic central lymph node com-
partment dissection (CND) is preferred
without prophylactic lateral neck dissection
(LND).* However, in patients with small
intrathyroidal MTCs with a calcitonin
level of <20ng/L, prophylactic CND may
be avoided because lymph node involve-
ment is rare in these patients.?

Performing LND in patients with no
ultrasonographic evidence of lymph node
metastasis is controversial because doing
so contributes to morbidity.'® The ATA
recommends that the extent of prophylactic
LND be guided by serum calcitonin
levels.'"” The ATA recommends CND and
ipsilateral LND for those with a baseline
calcitonin level of >20ng/L and additional
prophylactic  contralateral LND  for
patients with serum calcitonin levels
>200ng/L.'"° The rationale behind this rec-
ommendation is that at least half of the
patients with MTC having a preoperative
calcitonin level of <1000ng/L and will
achieve biochemical cure.'° The BTA rec-
ommends ipsilateral LND guided by the
tumor size and calcitonin levels or by
frozen section of CND nodes.'” The BTA
does not recommend prophylactic contra-
lateral LND without evidence of central
or ipsilateral nodal involvement.'?

MTC with nodal involvement. Total thy-
roidectomy with CND and dissection of the
involved lateral neck compartments is pre-
ferred in patients with preoperatively
known nodal involvement.' In those with
a basal calcitonin levels >200ng/L with
no evidence of distant metastasis, it is rec-
ommended to also perform prophylactic
dissection of uninvolved contralateral neck
compartments.’

Locally-advanced or metastatic MTC. Total thy-
roidectomy with resection of the involved
lymph node compartments is recommended
in most patients with a palliative intent.** A
less aggressive function-preserving approach
is preferred during surgery for the primary
tumor and lymph node dissection in central
and lateral neck compartments to preserve
speech, swallowing, parathyroid function
and mobility of the shoulder.' The approach
should be individualized, considering the
patient’s wishes, other comorbidities and
life expe(:tancy.l’3 2

Prophylactic thyroidectomy in
inherited MTC

Prophylactic thyroidectomy is indicated in
those with inherited germline mutations in
the RET proto-oncogene without clinically
evident disease.' Prophylactic thyroidecto-
my is performed with the intention of min-
imizing long-term morbidity and mortality
associated with MTC.' The ATA guidelines
suggest a classification system with stepwise
increasing risk.! The highest risk category
comprises patients with MEN 2B syndrome
and the M918T RET mutation; patients
with C634F/G/R/S/W/Y and A883F RET
mutations are categorized as high-risk
(ATA-H), and patients with mutations
other than those listed are classified as
moderate-risk.! Those in the highest-risk
category are considered for total thyroidec-
tomy with CND within the first year of
their life." Those with MEN 2A syndrome
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with ATA-H mutations are kept under
close surveillance with annual physical
examination, cervical ultrasonography and
calcitonin level measurement from 3 years
of age." These patients should undergo total
thyroidectomy and CND by 5 years of age.'
All adult family members with suspected
MEN 2B syndrome identified with a RET
germline mutation following genetic screen-
ing should undergo prophylactic total thy-
roidectomy with CND! (Table 3).

Medullary thyroid microcarcinoma
(microMTC)

MTCs measuring <1 cm in size are referred
to as microMTCs.>* The need for aggressive
therapy in these patients remains controver-
sial. However, evidence demonstrates a
23% risk of lymph node metastasis even
in 5mm microMTCs.*® Therefore, most
guidelines recommend that thyroidectomy
with CND be considered in patients with
microMTC.*?

Emerging therapies

The primary treatment modality for MTC
is surgical resection.”® However, patients
with extensive metastatic disease that
cannot be treated by surgery or radiothera-
py alone are candidates for targeted thera-
py.>* Targeted therapy and immune therapy
are both emerging therapies for patients
with MTC. Patients who do not respond
to targeted therapy are candidates for cyto-
toxic chemotherapy or biologics.>* Selective
RET-kinase inhibitors, such as selpercati-
nib or pralsetinib, may be used in patients
who have tumors with RET mutations.**
Multi-targeted kinases, such as sunitinib,
cabozantinib, vandetanib, lenvatinib or sor-
afenib can be used in patients without RET
mutations.® Immunotherapy is yet another
promising treatment modality in patients
with thyroid cancer, which involves increas-
ing the patient’s immunity to cancer using

tumor-derived vaccines or inoculation of
tumor transfectants to induce a cytokine
response.®* Monoclonal antibodies coupled
with radioisotopes can be used as a form of
radiotherapy; however, these novel treat-
ments are still at the investigational stage
and have not been established for routine
management of MTC.*

Dynamic risk stratification
in MTC

Dynamic risk stratification (DRS) is a rela-
tively new concept in real-time risk evalua-
tion that is used to provide personalized
disease management during follow-up of
patients with MTC. ** Adequate risk eval-
uation contributes to optimum individual-
ized therapeutic decisions. DRS is aided by
histopathological, imaging and biochemical
assessments. DRS has been shown to pre-
dict the individualized risk of recurrence in
numerous studies, although further valida-
tion of this approach is essential to promote
its widespread use.*”

Postoperative follow-up

During the immediate postoperative period,
patients should be observed for common
complications, such as hypoparathyroidism
and injury to the recurrent or superior
laryngeal nerves.>’ Thyroxine should be
started immediately following surgery with
the goal of restoring a euthyroid state at an
initial physiologic dose of 1.6 ug/kg body
weight.*? The adequacy of therapy is mon-
itored by measuring serum thyroid stimu-
lating hormone (TSH) 6 weeks later.*?
Serum TSH suppression is not beneficial
in patients with MTC because C cells are
not TSH responsive.” Adjuvant radioio-
dine therapy is also not indicated because
MTC cells do not concentrate iodine.*?
Serum calcitonin and CEA levels are mea-
sured beginning 3 months after surgery to
assess the adequacy of surgical resection,
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which also guides subsequent manage-
ment.*® Patients with undetectable calcito-
nin and CEA levels are considered
biochemically cured and thus, have the
best prognosis, with a 5-year recurrence
rate of approximately 5% (Table 4).

Managing persistent or
recurrence disease

Residual disease is identified when a high
basal serum calcitonin value is demonstrat-
ed 3 months after surgery.*> Further man-
agement depends on the magnitude of the
elevation of calcitonin and CEA levels and
the doubling time, which is a sensitive
marker for the aggressiveness of the
tumor.>”> Residual disease can be managed
with active surveillance, surgical resection,
external beam radiotherapy, and with sys-
temic and local therapies, such as radiofre-
quency ablation, embolization and
cryoablation.®” The treatment approach
depends on the ability to localize the dis-
ease, tumor volume and location, and
whether the patient is symptomatic and
the likelihood of disease progression.*?
Therefore, individualized treatment plans
for persistent disease should be determined
with multi-disciplinary team involvement.
Surgical resection and lymph node
dissection is preferred in patients with
biopsy-proven  persistent  locoregional
MTC  without distant  metastasis.”
However, surgery in such situations is asso-
ciated with high morbidity owing to com-
plications, such as nerve injury (recurrent
laryngeal, phrenic, spinal accessory, brachi-
al plexus), thoracic duct leaks and hypo-
parathyroidism.*® Therefore, the benefits
of reoperation must be weighed against
the potential risks'* ** (Table 4).

Conclusion

MTC, a rare malignancy of neuroendocrine
origin, remains a surgical disease in which

total thyroidectomy with at least CND is
the mainstay of treatment in the majority
of patients. The low incidence of these
tumors has led to minimal high-quality evi-
dence. Additionally, the wide spectrum of
tumor biology with substantial variability
in clinical practice has led to a lack of con-
sensus regarding the diagnosis and surgical
management of these tumors. Further
research is essential regarding determining
the extent of neck dissection, risk stratifica-
tion and the optimum use of tumor markers
in therapy.
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Recommended against based on expert
opinion
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comes or that harms outweigh benefits
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F: Strongly recommended against based on
good evidence

I: Recommendation is
against

neither for nor

BTA guideline evidence definitions

Levels of evidence

I: High-quality meta-analyses, systematic
reviews of randomized controlled trials
(RCTs) or RCTs with a very low risk of
bias

1: Well-conducted meta-analyses, systemat-
ic reviews or RCTs with a low risk of
bias

I: Meta-analyses, systematic reviews or
RCTs with a high risk of bias

2: High-quality systematic reviews of case-
control or cohort studies. High-quality
case-control or cohort studies with a
very low risk of confounding or bias
and a high probability that the relation-
ship is causal

2: Well-conducted case-control or cohort
studies with a low risk of confounding
or bias and a moderate probability that
the relationship is causal

2: Case-control or cohort studies with a
high risk of confounding or bias and a
significant risk that the relationship is
not causal

3: Non-analytical studies; e.g., case reports,
case series

4: Expert opinion

Grades of recommendation

A: At least one meta-analysis, systematic
review or RCT rated as 14+ and direct-
ly applicable to the target population;
or a body of evidence consisting princi-
pally of studies rated as 1+ directly
applicable to the target population and

demonstrating overall consistency of
results

B: A body of evidence comprising studies
rated as 24+ directly applicable to the
target population and demonstrating
overall consistency of results; or extrap-
olated evidence from studies rated as
14+ or 1+

C: A body of evidence comprising studies
rated as 2+ directly applicable to the
target population and demonstrating
overall consistency of results; or extrap-
olated evidence from studies rated
as 24+

D: Evidence level 3 or 4, or extrapolated
evidence from studies rated as 2+

NCCN guideline categories of
evidence

e (Category 1: Based upon high-level evi-
dence, there is uniform NCCN consensus
that the intervention is appropriate.

e (Category 2A: Based upon lower-level
evidence, there is uniform NCCN con-
sensus that the intervention is
appropriate.

e (Category 2B: Based upon lower-level evi-
dence, there is NCCN consensus that the
intervention is appropriate.

e (Category 3: Based upon any level of evi-
dence, there is major NCCN disagree-
ment that the intervention is appropriate.

Japan Association of Endocrine
Surgeons guidelines
recommendation definitions

SR: Strongly recommended

EC-G: Good expert consensus

WR: Weakly recommended
DNR-W: Do not recommend weakly
EC-P: Poor expert consensus
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