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REVIEW

Medullary thyroid carcinoma
Maria Rosa Pelizzo, Esmeralda Isabella Mazza, Caterina Mian and Isabella Merante Boschin

Department of Surgical, Oncological and Gastroenterological Sciences, University of Padova, Padova, Italy

ABSTRACT
Introduction: Medullary thyroid carcinoma (MTC) constitutes approximately 5–10% of all thyroid 
cancers. Although the tumor forms in the thyroid, it doesn’t originate from thyroid cells, but from the 
C cells or parafollicular cells which produce and release a hormone called calcitonin (CT). Starting from 
the second half of the 1900s, MTC was progressively studied and defined.
Areas covered: This study aims to analyze the history, clinical presentation and biological behavior of 
MTC, bio-humoral and instrumental diagnosis, molecular profiling, genetic screening, preoperative 
staging and instrumental procedures, indispensable in expert and dedicated hands, such as high- 
resolution ultrasonography, CT-scan, MRI and PET/TC. We examine recommended and controversial 
surgical indications and procedures, prophylactic early surgery and multiple endocrine neoplasia 
surgery. Also, we discuss pathological anatomy classification and targeted therapies. The role of 
serum CT is valued both as undisputed and constant preoperative diagnostic marker, obscuring 
cytology and as early postoperative marker that predicts disease persistence.
Expert opinion: With a complete preoperative study, unnecessary or useless, late and extended 
interventions can be reduced in favor of tailored surgery that also considers quality of life. Finally, 
great progress has been made in targeted therapy, with favorable impact on survival.
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1. Introduction

MTC accounts for 5–10% of thyroid carcinomas and 0.4–1.4% 
of all thyroid nodules. It is located in the thyroid but it origi-
nates from C cells or parafollicular cells that secrete calcitonin 
(CT); C cells are dispersed in the stroma of the thyroid 
between thyroid follicles, predominantly at the upper poles 
of the thyroid [1–3].

The term medullary, used for tumors of intermediate 
malignancy, was intended by Hazard in 1959 to mitigate 
the undifferentiated pathological appearance of an unusual 
solid thyroid carcinoma [4]. This type of tumor was first 
identified half a century earlier based on its intracellular 
amyloid component by Jacquet, who described a form of 
thyroid tumor rich in amyloid and with lymph node metas-
tases in 1906, and by Stoffel, who reported a case of thyroid 
tumor with non-papillary and non-follicular amyloid in 
1910 [5,6].

Hazard, Hawk and Crile, who first described it, named it 
Medullary Thyroid Carcinoma in 1959, reporting 21 cases of this 
new solid, non-follicular thyroid tumor, with amyloid sub-
stance in the stroma and a high incidence of central lymph 
node metastases [4].

Other reports noted a high frequency of lymph node and 
distant metastases. In particular, Horn, in 1951, reported 7 
cases of thyroid tumor with a distinctive morphological var-
iant; Brandeburg, in 1954, reported a case of metastasizing 
amyloid goiter; and Laskovsky, who in 1957 reported 5 cases 

of thyroid tumor he defined as carcinoma hyalinicum thyroi-
deae [7–9].

Williams, in 1966 clarified the origin of MTC from the para- 
follicular neuroendocrine cells of the thyroid, which were dis-
covered by Baber in the late eighteenth century and described 
as parenchymal cells of neural crest origin [10–12]. Williams 
hypothesized that this could explain the differences observed 
between MTC and papillary and follicular thyroid carci-
noma [11].

Pearce demonstrated the embryological origin of C cells 
from the fourth branchial pouches and, through immunofluor-
escence, he documented the presence of a peptide capable of 
lowering calcium tone that was initially called calci-tonin, attri-
buting its secretion to the parathyroid glands [13,14]. It was 
later renamed thyro-calcitonin to emphasize thyroid origin 
[15,16].

In 1968, Melvin observed a high concentration of the hypo-
calcemic factor compared to normal thyroid tissue, in the 
biopsy liver metastasis in a MTC with associated bilateral 
pheochromocytoma (PHEO) [17]; it was observed that high 
levels were also present in the plasma. Others reported that 
CT levels, in patients with MTC, were elevated both in plasma 
and in tumor tissue compared to normal thyroid tissue and 
that, upon removal of the tumor, CT levels returned to normal 
level [18,19]. Based on these studies and the contributions of 
other authors, MTC was defined as a neuroendocrine tumor of 
parafollicular origin secreting CT [20–22].
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CT, which was discovered in an another context by Copp in 
1962, used in the treatment of bone metabolism and pain, 
almost by chance and independently, since then it assumed 
the role of a sensitive tumor marker [14].

1.1. Clinical presentation and biological behavior

MTC is the third most common thyroid carcinoma, after papil-
lary and follicular carcinoma, but rarer. It includes a predomi-
nant sporadic variety and a hereditary one. MTC originates 
from C-cells and does not share the metabolic characteristics 
of follicular thyroid cells, such as the ability to fix iodine-131. 
Instead, MTC cells express CT and, less consistently, carci-
noembryonic antigen (CEA) [23].

MTC presents in sporadic form in 75–80% of cases, with an 
incidence peak between the fourth and sixth decades of life 
[24], generally as a unifocal tumor (75–90%) with early lymph 
node involvement (central compartment between 11% and 
86%, and lateral cervical compartment between 11% and 
93%) [23,25–28].

The common clinical onset is a thyroid nodule, without 
other specific symptoms. However, in some cases, hoarseness 
due to recurrent laryngeal nerve paralysis, persistent diarrhea 
and/or skin flushing may occur, indicating advanced or already 
metastatic disease [25,29,30].

Central and lateral cervical lymph node metastases are 
reported with variable frequency, affecting respectively up to 
11−14% of T1 patients (AJCC TNM classification) and up to 86 
−93% of T4 patients [26,31,32]; it is also reported that about 
70% of patients with sporadic MTC who present clinically as a 
palpable thyroid nodule, already have cervical lymph node 
metastases and 10% have distant metastases [27,33]. Liver, 
bone, and lung are preferred sites of hematogenous metas-
tases, of which bone metastases are the most unfavorable [34].

The biological behavior of sporadic MTC is considered 
unpredictable: alongside a minority of MTC that, even if volu-
minous, but always intra-thyroid and without metastases, 
show a favorable course and can benefit from absolutely 
curative conservative treatments, there are cases with inter-
mediate behavior, with stable residual disease after surgery, 
sometimes only biochemical, meaning with increased calcito-
nin levels; others are difficult to control, with progressive or 
multi-recurrent disease despite extensive and iterative surgery. 
The number of patients undergoing one or more reoperations 
for persistence/recurrence and the number of reoperations per 
patient reported in the literature are high [29,35,36]. It is 
commonly believed that surgical removal occasionally eradi-
cates the tumor and, in many cases, despite further surgical 
interventions, patients continue to have elevated CT values 
after surgery. Duhet reported 80 reoperations in 25 patients 
with an average of 3.2 [37]. In another study including 136 
patients operated on over 30 years, 77 (56.6%) had residual 
disease and 25 (18.4%) underwent reoperation; some of the 25 
patients were reoperated multiple times, and a total of 33 
reoperations were performed [38]. According to Machens 
and Dralle, reoperation for persistent MTC is beneficial for 
serum CT values less than or equal to 1000 pg/mL, in those 
patients who did not undergo adequate lymph node dissec-
tion during the first surgery. Reoperation for systematic lymph 
node dissection, performed by experienced hands, can allow 
biochemical cure rates ranging from 18% to 44%, with accep-
table surgical morbidity [39,40].

It is unclear, in the absence of prospective studies, to what 
extent reoperations for locoregional tumor persistence or 
recurrence reduce the risk of subsequent disease recurrence 
or extend disease-free survival or prolong overall survival. In 
fact, as long as metastatic MTC is asymptomatic, 10-year sur-
vival rates are higher than 80%. Therefore, the need for a new 
operation must be deliberated in light of the circumstances of 
the case, particularly the individual patient’s risk, the type and 
extent of previous surgeries and the characterization of the 
tumor recurrence [39].

Prognosis, in univariate analysis, is directly correlated with 
the patient’s age at the time of diagnosis, male gender, local 
invasion of the tumor, cervical lymph node metastasis and 
distant metastasis [34,41,42]; however, in multivariate analysis, 
only the patient’s age and disease stage at the time of diag-
nosis are independent prognostic factors [43–45].

The 10-year overall survival rate for patients with MTC at 
stages I, II, III, and IV, according to the staging of the AJCC, is 
respectively 100%, 93%, 71%, and 21%. Of the patients who 
underwent surgery, 43% is biochemical disease-free, meaning 
with normalization of calcitonin levels. Survival in patients 
with biochemical normalization is excellent: 98.9% at 5 years, 
97.7% at 10 years; in patients with persistent biochemical dis-
ease (57%), survival is respectively 80.2% and 70.3% at 5 and 
10 years [44]. In other studies, the 10-year survival for stages I, 
II, III, IV is respectively 100%, 100%, 66%, and 48%. The overall 
10-year survival rate is 72% and 52% at 20 years [32,34,45].

Hereditary MTC (20–25% of cases) is multifocal, bilateral, 
associated with C-cell hyperplasia; it includes a kind of MTC 
defined as familial (FMTC) and a multi-endocrine kind, as a 
constant malignant component of multi-endocrine syndromes 

Article highlights

● Medullary thyroid cancer (MTC) originates from parafollicular cells 
which produce and release calcitonin (CT) and, less consistently, 
carcinoembryonic antigen (CEA).

● About 70% of patients with sporadic MTC who present clinically as a 
palpable thyroid nodule, already have cervical lymph node metastases 
and 10% have distant metastases.

● Hereditary MTC occurs in 20–25% of cases and it is caused by a 
genetic mutation of the RE arranged during Transfection (RET) 
proto-oncogene. It includes a kind of familial MTC and a syndrome 
characterized by multiple endocrine neoplasms (MEN). Family screen-
ing, based on RET mutation, is aimed at early or prophylactic pre-
clinical surgery, with different timings in relation to the mutation 
present.

● Total thyroidectomy with central compartment lymph node dissection 
is considered the standard treatment. The indication and extension of 
lateral cervical lymph node dissection is controversial, but guided by 
CT values.

● New targeted therapies with tyrosine kinase inhibitors (TKI) have 
emerged for MTC with significant tumor burden and disease progres-
sion. Studies are ongoing on selective RET inhibitors, immunothera-
peutic drugs and Peptide Receptor Radionuclide Therapy (PRRT) with 
radiolabeled somatostatin analogues.

● In future perspectives, the recent advent of genetic editing and gene 
modulation plays an important role.
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known as multiple endocrine neoplasia (MEN) with not neces-
sarily synchronous clinical expression [46,47].

There is a MEN 2A syndrome or Sipple syndrome (60% of 
MEN) and a MEN 2B syndrome or Wagenmann-Froboese syn-
drome. MEN 2A is characterized by the association of MTC 
with an inconsistent occurrence of pheochromocytoma 
(PHEO), present in about 50% of cases and mild and late- 
onset primary hyperparathyroidism (pHPT), present in about 
20% of cases; cutaneous lichen amyloidosis (CLA) and 
Hirschsprung’s disease (HSCR) can be associated in 15–20% 
of cases. In MEN 2B, MTC is associated with PHEO in 50% of 
cases, mucosal neuromas, intestinal ganglioneuromatosis, cor-
neal nerve hypertrophy and a distinctive marfanoid habitus 
[48] (Figure 1).

The clinical behavior of MTC varies among the three syn-
dromes: it is aggressive and has an unfavorable prognosis in 
MEN 2B, intermediate in MEN 2A, and indolent in most 
patients with FMTC, also thanks to the contribution of mole-
cular screening to early diagnosis. Some studies in the litera-
ture have reported no mortality in MEN 2A cases, even in the 
presence of disease persistence or recurrence [34,49].

The pathogenesis of hereditary MTC is caused by a genetic 
mutation with autosomal dominant transmission and variable 
penetrance of the REarranged during Transfection (RET) 
proto-oncogene. To date, over 100 mutations, duplications, 
insertions, or deletions in RET gene have been identified in 

hereditary MTC, which are correlated with different pheno-
types [50].

The RET proto-oncogene encodes for transmembrane 
receptor of the tyrosine kinase family [51,52]. Takahashi et al. 
identified and described the RET oncogene in 1985 [53]. Less 
than a decade later, it was found that all MEN2A, MEN2B and 
FMTCs have germline RET mutations and approximately 50% 
of sporadic MTCs have somatic RET mutations [54–60].

Furthermore, some research group identified that in 11– 
24% of sporadic MTC without somatic RET mutations, there 
are somatic mutations of HRAS, KRAS, or rarely NRAS [61–63]. 
RET is also an oncogene involved in other malignant and 
nonmalignant diseases [64–68].

The onset mode of hereditary MTC is generally similar to 
the clinical one of sporadic. It changes with molecular familial 
screening that allows for the simultaneous identification of 
relatives with already humoral or structural disease as well as 
asymptomatic carriers of the mutation in the preclinical phase, 
with favorable therapeutic and prognostic outcomes [34].

For the prognosis of MTC, the key factor is the earliness of 
diagnosis, which can be aided by two allies: a constant serum 
marker, CT, and a molecular genetic marker, RET mutation.

Another serum tumor marker, associated with CT but less 
constant and predominantly gastrointestinal marker is (CEA). It 
has unfavorable impact and it is considered a sign of dediffer-
entiation and distant metastasis [25,33].

Figure 1. Marfanoid facies (a), mucous neuromas (b, c).
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Family screening is based on the genetic marker of the 
RET mutation, aimed at early surgery, which is reserved for 
subjects with the mutation and thyroid micro-nodularity on 
ultrasound and subjects with a positive basal or stimulated 
CT. Family screening can be also aimed at prophylactic pre-
clinical surgery, in asymptomatic carriers of the mutation, 
meaning without ultrasound and bio-humoral evidence of 
disease [49].

The American Thyroid Association (ATA) has identified 
three categories of risk for developing MTC: highest risk 
(ATA-HST), high risk (ATA-H) and moderate risk (ATA-MOD) 
(Table 1) [60,69]. This classification, together with the serum 
CT levels, is essential for better planning of screening and 
therapeutic strategies.

1.2. Diagnosis

From a diagnostic point of view, CT plays the main role as a 
sensitive and constant marker, reliable both for preoperative 
diagnosis of MTC and early postoperative verification of sur-
gical radicality, as well as for follow-up to detect persistence, 
progression or recurrence of biochemical disease [70–72].

CT, synthesized from the polypeptide precursor procalcitonin 
(proCT), represents the most sensitive marker for the recognition of 
MTC. The frequency of MTC not associated with hypercalcitonine-
mia is only 0.8% [73], [74]. However, it is not equally specific in 
those clinical contexts where the serum increase is moderate [75].

The CT negative MTC is rare and found in isolated case 
reports or small series: Gambardella et al. in 2019 summar-
ized the literature up to 2019 and found 51 cases [76]. 
Recently, in 2022, Yue and Zhang, compared 24 CT-negative 
MTC vs 288 CT positive MTC: in accordance with others, they 
underline the possibility of defect in CT synthesis or secretion 
with aberrant forms of CT and precursor peptides [77,78]. 
According to other recent reports some CT negative small 

MTCs represent an entirely different entity, such as an Ewing 
family tumor showing translocation of EWSR1-Fli1. The des-
ignation CEFTE has been suggested for these lesions (carci-
noma of thyroid with Ewing family tumor elements). Some 
reported examples are apparently ‘pure’ Ewing/PNET: immu-
nostain results reported show all examples have membrane 
staining for CD99 [79].

The measurement of CT is subject to several pre-analy-
tical, analytical, and post-analytical issues. From a pre-ana-
lytical point of view, there are various physiological and 
pathological conditions, other than MTC that can be asso-
ciated with modest increases in CT level, such as male 
gender, smoking, acute alcohol ingestion, the use of certain 
medications (proton pump inhibitors, beta-blockers and cor-
ticosteroids) and thyroid and non-thyroid diseases (includ-
ing hypergastrinemia, hypercalcemia, neuroendocrine 
tumors, small and large cell lung tumors and renal insuffi-
ciency) [80].

From an analytical point of view, the new two site/two 
steps chemiluminescent immunoassay (CLIA) or immunora-
diometric assay (IRMA) platforms are more specific for the 
measurement of the mature CT molecule, although they are 
not immune from possible interferences such as those 
related to the presence of heterophilic antibodies or macro- 
CT [81,82]. Finally, additional analytical limitations are related 
to the short half-life of CT, about 15–40 minutes, which varies 
considerably in relation to its concentration, its variability 
during the day, and its instability at room temperature, 
which requires rigorous maintenance of the cold chain 
before dosing [83,84].

Therefore, to reduce problems related to low specificity, espe-
cially in case of moderate increases in CT, confirmation by per-
forming a stimulus test is required. However, even in this case, 
some critical issues should be underlined. For at least two decades, 
the stimulation test has been performed through the infusion of 
pentagastrin, a synthetic analogue of gastrin that is no longer 
used [85,86]. Currently, the stimulation test is performed in third- 
level centers through the rapid infusion of calcium gluconate (2.3  
mg of elemental calcium/Kg of body weight infused at a rate of 5  
mL/min fin at least 3 minutes), with basal CT dosage and after 2, 5, 
and 10 minutes. The CT response to calcium stimulation is similar, 
if not even more intense than that after pentagastrin and allows to 
distinguish normal individuals and carriers of C-cell pathology 
[87,88]. Although this test is considered safe, very rare and even 
severe side effects have been reported in the literature, including a 
case of cardiac arrest, therefore, ECG monitoring is recommended 
during the entire test execution [89,90]. Despite standardization of 
this procedure, shared and reliable cutoffs for demonstrating the 
presence of MTC are still lacking in literature.

However, systematic dosage of CT in all patients with thyr-
oid disease, due to the high prevalence of thyroid disease 
(10% of the adult population) and the rarity of MTC, is not 
widely shared [25,91,92].

The reliability of elevated marker values allows for neglecting 
and even avoid the cytological examination on fine-needle aspira-
tion, which does not appear sufficiently sensitive for MTC, being 
associated with a positive or suspicious result rate of only 
56.4% [93].

Table 1. RET e ATA risk [33].

RET receptor Codon Exon ATA Risk

Extracellular domain     533 8 MOD
609 10 MOD
611 10 MOD
618 10 MOD
620 10 MOD
630 11 MOD
631 11 MOD

634 11 H
Transmembrane domain 666 11 MOD

Intracellular domain 768 13 MOD
790 13 MOD
804 14 MOD
883 15 H
891 15 MOD
912 16 MOD
918 16 HST

Note: RET, REarranged during Transfection protooncogene. ATA, American 
Thyroid Association. MOD, moderate. H, high. HST, highest. 
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If the cytology result is inadequate (TIR I, according to 
the Bethesda classification) or indeterminate (TIRIII), cytolo-
gical review is suggested, in light of the diagnostic contri-
bution of CT, or intralesional CT assay on eluate may be 
preferred as reported in a pilot study by Boi et al., in 2007, 
with sensitivity and specificity compared to cytology of 
100% vs 61.9% and 100% vs 80%, respectively [25,91,94]. 
Similarly, in 1968 Melvin, reported the case of a patient with 
MTC, bilateral PHEO and liver metastasis, with high hypo-
calcemic activity associated with high levels of CT on 
biopsy [17].

The short half-life of the molecule (between 15 and 40  
minutes) allows for predicting the radicality of the surgery 
already on discharge; it’s significant the value on the second 
postoperative day and validated at 1 month to allow the very 
high basal values to reduce and normalize [42].

It is now a constant practice, when high CT values are 
found, to associate the measurement of serum CEA. The thyr-
oid is its extra-intestinal site of production easiest to docu-
ment. On the other hand, occasional findings of elevated CEA 
levels should be investigated, before proceeding with invasive 
gastroenterological endoscopic and radiological studies, by 
also measuring serum CT levels. Elevated CEA levels are attrib-
uted not only a diagnostic role, already provided by the CT, 
but also a negative prognostic one, to be considered in the 
therapeutic strategy [25,33].

In the early postoperative phase, the measurement of CEA 
is not included, being a protein, it’s postponed to 1 month, on 
the basis of the half-life [95].

Elevated levels of Carbohydrate Antigen 19–9 (CA 19–9) have 
also been observed in patients with advanced MTC and poor 
prognosis [25,33]. Furthermore, due to the neuroendocrine ori-
gin of MTC, it can express chromogranin, neuron-specific enolase 
(NSE), somatostatin, gastrin-releasing peptide (GRP) and vasoac-
tive intestinal peptide (VIP). Other peptides produced by MTC 
contribute to the onset of some specific clinical manifestations, 
such as VIP, serotonin and prostaglandins which favor flushing 
and diarrhea, while adrenocorticotropic hormone (ACTH) can 
cause ectopic Cushing’s syndrome [25,33,96,97].

Rare cases of CT-negative MTC are described: a review in 2015 
collected 18 cases of CT-negative MTC, reported in the literature 
from 1997 to 2014, accounting for 0.8%. The authors conclude by 
recommending, in case of suspicion of CT-negative MTC, measure-
ment of pro-CT, stimulated CT, CEA and other neuroendocrine 
biomarkers such as chromogranin A, in addition to measuring CT 
on fine needle aspiration of the suspicious node [74,98].

1.3. Preoperative staging

The first surgical operation is considered the golden opportu-
nity, for which the imprudent haste to operate must be 
replaced by cautious planning. It is essential, also for repercus-
sion on basic research, to complete the bio-humoral, instru-
mental, genetic diagnosis, staging both the malignant 
component of MTC and the concomitant other MEN compo-
nents in RET-mutated patients, of which PHEO represents the 
dangerous and potentially fatal component, if ignored.

The acquisition of high CT values, even before ultrasound 
and without cytological diagnosis or CT dosage on eluate, 

justifies serum CEA measurement and, in MEN perspective, 
parathyroid hormone (PTH), calcium and urinary metane-
phrines, waiting for molecular genetic analysis to indicate 
any positivity and risk class [33,34].

In the absence of a parameter that evaluates the secretory 
capacity of tumor cells, the serum CT level has been correlated 
to the diameter/volume of the primary focus, presence/ 
absence of cervical, mediastinal and distant metastases, but 
without discriminating the respective contribution to the over-
all tumor burden. In 2010, Machens and Dralle published a 
study that showed how CT levels increased with the increase 
in volume of MTC, number and sites of lymph node metas-
tases; CT values greater than 20 pg/mL, 50 pg/ml, 200 pg/ml, 
and 500 pg/ml were associated with lymph node metastases 
respectively in the homolateral central and laterocervical com-
partment, in the controlateral central, in the controlateral 
laterocervical and in the upper mediastinum [26].

From an instrumental point of view, high-resolution ultra-
sound (HRUS) of the neck represents the basic staging proce-
dure: it is aimed at evaluating the structure and dimensions of 
the primary MTC, plurifocality prevailing in hereditary forms, 
extracapsular development and above all the site of lymph 
node metastasis [33].

Lymph node metastases, sometimes microscopic and diffi-
cult to document even by expert operators and adequate 
instruments, contribute to surgical failure. HRUS analysis uses 
morphological criteria of suspicion widely shared and standar-
dized by the TIRADS system (Table 2) and it locates, on a map, 
the findings in the compartments of the neck, divided into 
central, unilateral and bilateral laterocervical, based on coded 
imaginary planes that separate them (Figure 2) [99,100].

Uncertain data, especially for the lateral cervical chains, can 
be integrated with intra-lesion CT sampling on eluate [98].

HRUS is also commonly extended to the liver, which is the 
target site. Before CT-scan, liver micro-metastases were pre-
viously documented with laparoscopy and even trans-femoral 
venous sampling [101].

CT sampling at the cervical jugular, supra and subhepatic 
cava vein, were used to intercept and localize sites of marker 
production, such as metastases or disease recurrence follow-
ing negative or dubious morphological imaging [102]. In 1989, 
Ben Mrad et al. used this technique in 16 patients to locate the 

Table 2. EU-TIRADS categories and risk of malignancy [100].

Category Ultrasound features Clinical risk
Risk of 

malignancy (%)

1 No nodules Normal None
2 Cyst, spongiform Benign 0
3 Ovoid, smooth, isoechoic/ 

hyperechoic 
No features of high suspicion

Low risk 2–4

4 Ovoid, smooth, mild 
hypoechoic 
No features of high suspicion

Intermediate 
risk

6–17

5 At least 1 of the following 
items:

● Irregular shape
● Irregular margin
● Microcalcification
● Marked hypoechogenicity, 

solid

High risk 26–87

Note: EU-TIRADS, European Thyroid Imaging Reporting and Data System. 
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site of CT production and, after surgical treatment, to verify 
marker negativization [103].

HRUS also focuses on parathyroid involvement and, 
recently, in 2022 a pilot study reported it as a noninvasive 
alternative method to the current laryngoscope evaluation of 
vocal cord motility [103].

Except for rare cases of sub-centimetric intrathyroidal MTC 
and modest levels of CT, total body CT scan with contrast, 
including the chest, liver, adrenals, skeletal system is the next 
staging investigation [104].

The following step is integration with PET/CT: F-18 DOPA, 
Ga68-DOTA-labeled somatostatin analogs and F-18 FDG PET/CT 
for diagnostic and prognostic purposes, where DOPA positivity is a 
biologically favorable factor, but also significant for complemen-
tary or alternative radio-receptor-based treatment choices [105].

F-18-DOPA is an alternate PET agent that targets the L-type 
amino acid transporter, which is expressed in MTC: it is con-
sidered the most accurate to detect recurrent/metastatic MTC, 
particularly liver and cervical lymph node metastases.

F-18 DOPA PET is superior to F-18 FDG PET in the evalua-
tion of metastases and recurrences of MTC, with a sensitivity 
of 72% vs. 52%. F-18 FDG accumulates in neoplastic cells as an 
energy reserve, reflecting their proliferative activity, but neu-
roendocrine tumors (NET), including MTC, often have a low F- 
18 FDG uptake.

Ga68-DOTA-labeled somatostatin analogs (DOTATATE, 
DOTATOC and DOTANOC) demonstrating increased somatos-
tatin receptor (SSTR) expression of neuroendocrine tumor cells 
are relatively new PET tracers with higher sensitivity and spe-
cificity for MTC recurrence. Particularly Ga6-DOTATATE with 
high affinity for SSTR2, widely available for neuroendocrine 
imaging, may be used to evaluate for metastatic MTC [106]. A 

recent study compared PET imaging with F-18 DOPA (FDOPA) 
and Ga-68 DOTATATE (TATE) on 46 MTC patients with ele-
vated CT and/or CEA levels during follow-up who had both 
FDOPA and TATE PET/CT scans for re-staging purposes. FDOPA 
PET imaging was significantly superior in detecting liver and 
regional lymph node metastases, while TATE PET scan was 
significantly better in the skeletal metastases [107–109].

MRI has a high resolving power in the suspicion of infiltra-
tion of local structures such as trachea and esophagus, gen-
erally studied using endoscopic techniques, including video- 
laryngo-tracheoscopy, which also evaluates laryngeal motility 
[104]. Contrast-enhanced liver-specific MRI is complementary 
to CT-scan for identifying and better defining liver lesions and 
it is recommended for bone metastases. Bone scintigraphy is a 
cost-effective and reasonably sensitive alternative for detect-
ing bone metastases [110].

The aim of staging is to base the extent of surgical inter-
vention on the instrumental stage of the disease rather than 
the predictive value of CT.

The goal is to avoid unnecessarily extended surgery in 
patients without metastases, meaning overtreatment, believ-
ing that after a central approach, radicalizing the persistence/ 
recurrence of nodal disease in a virgin lateral area, does not 
expose the patient to greater complications than primary 
surgery and does not affect prognosis. The other purpose of 
staging is to promote radical surgical intent at one time and 
prevent insidious re-interventions.

1.4. Surgery

Literature reports cases of MTC stably cured and followed with 
persistent normalization of CT after simple thyroid lobectomy, 
indicating the existence of a bengnoid adenoma-like variant 
without the need for completion re-intervention [111,112].

In the past, for economic reasons, it was common practice 
to delay processing preoperative venous samples for calcito-
nin testing in patients undergoing thyroid surgery until the 
calcitonin testing kit was exhausted to be then processed all 
together: the positivity of the test, although discovered later, 
contributed to the not always easy histological diagnosis of 
MTC and persistent postoperative negativity prevented further 
surgery. A negative preoperative CT value excluded or cast 
doubt on the diagnosis of MTC, if it was made or suspected 
histologically [41,101].

The need for radicality and risk and benefit evaluation 
should drive the choice of surgical approach for each indivi-
dual case with a tailored and safe surgical approach respectful 
of quality of life [113].

Total thyroidectomy with central compartment lymph node 
dissection, level VI (Figure 2) is considered the standard treat-
ment with the aim of avoiding reoperation in the thyroid

bed, cause of the isolation and preservation of the laryn-
geal nerves and parathyroid glands in a second surgery would 
be more difficult and riskier [33].

In 2004 Rosato et al. published a retrospective observational 
multicenter study on 14,934 patients underwent thyroidectomy 
in Italy since 1995 to 2000: 9599 (64.3%) total thyroidectomies 
(TT) and 1911 (13%) with malignant pathology, MTC in 95 (5%). 

Figure 2. Cervical lymph node groups.
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Symptomatic hypocalcemia was seen in 14% after TT, transient in 
11.8% and permanent in 2.2%; recurrent laryngeal nerve (RLN) 
lesions occurred in 4.3% after TT, 2.4% transient and 1.3% defi-
nitive; hemorrhage occurred in 1.6% in TT patients; wound infec-
tion occurred in 0.4% in TT patients [114]. The risks of central 
neck dissection (CND) are the same as a thyroidectomy: RLN 
injury, hypoparathyroidism, and hemorrhage. Although many 
argue that the risks of a CND are no higher than a total thyroi-
dectomy, especially when an experienced surgeon performed 
surgery: there is debate about this. Despite the theoretical higher 
risk, most reports looking at RLN dysfunction or injury after CND 
have shown that the incidence of permanent nerve injury 
remains acceptably low at 1–3%. Transient and permanent hypo-
parathyroidism does appear to be higher when a CND is per-
formed. Studies of transient hypoparathyroidism report this 
complication in 14–60% of the patients with CND with rates for 
permanent hypoparathyroidism ranging from 0% to 16% 
[115,116]. Sippel in a study published in 2009, on seventeen 
studies involving 1929 patients, concluded that numerous com-
plications are possible after CND: transient hypocalcemia in 3.6% 
to 60.0% of cases, permanent hypocalcemia in 0.0% to 14.4% of 
patients, temporary RLN injury in 0.0 to 25.0% of cases, and 
permanent RLN injury in 0.0% to 11.5% of patients [116].

Lateral cervical metastases are frequent but reported in vari-
able percentages (50–75%), particularly high in reports mainly 
from reference centers where later cases are referred [1,2,33,109]. 
In another study, lymph node metastases were reported in 54%, 
contributing to making the indication and extension of lateral 
cervical lymph node dissection controversial [101].

Extensive controversy exists on MTC without preoperative 
locoregional evidence of lymph node metastases and without 
distant metastases, if lymph node dissection of the lateral com-
partments (levels II to V) should be considered based on serum 
CT levels [50] The ATA guidelines could not attain a consensus 
agreement on this topic but according to recommendation #25 
of ATA guidelines the prophylactic lateral neck dissections may 
be considered based on serum calcitonin levels [33]. Some of the 
panelists didn’t recommend routine prophylactic lateral neck 
dissections if there was no evidence of disease on preoperative 
neck US, nonetheless, according to some members the extent of 
the surgery and which levels of lymph nodes in the lateral 
compartments to resect, in mono or bilateral mode, is suggested 
by CT values [26]: for values between 20 and 200 pg/mL, central 
and homolateral lymphadenectomy is recommended; for CT 
between 200 and 500 pg/mL, even contralateral prophylactic 
dissection, possibly in two stages [33]. In this way, however, it is 
neglects that the value is influenced not only by cervical metas-
tases, but also by the size of the primitive tumor, its secretory 
capacity, mediastinal and distant metastases and instrumental 
support is relegated to a secondary role. The levels of the empty-
ing are also controversial, especially if they include levels II-V vs II- 
IV or rather all levels or only selective ones [27].

Patients with MTC limited to the neck and cervical 
lymph nodes should have a total thyroidectomy, dissection 
of the central compartment lymph nodes (level VI) and 
dissection of the involved lateral neck compartments 
(level II to V). When preoperative imaging is positive in 
the ipsilateral lateral neck compartment, contralateral neck 

dissection should be considered if the basal serum CT level 
is greater than 200 pg/mL (recommendation #26 ATA 
guidelines) [33].

Alongside CT-guided dissection criteria, on one hand not 
always necessary (about 40%) and on the other, perhaps, not 
radical or useless for advanced stages, a strategy of rigorous 
preoperative staging has been establishing itself, in this era of 
tailored therapy, which does not neglect the quality of life [113].

Today, more than basal CT threshold levels to guide lymph 
node dissection, extreme high levels are taken into considera-
tion, especially if associated with high levels of CEA, which 
seem more appropriate for indicating alternative strategies to 
the primary surgical option supported in the past, proposing 
targeted therapies even in neoadjuvant setting [117,118].

The complications of lymph node dissection, even in expert 
hands, are not negligible both quantitatively and qualitatively; 
some of these are highly disabling, such as injury to the spinal 
accessory nerve resulting in winged scapula and difficulty in rotat-
ing the head (25–50%). The nerve is at risk during dissection of the 
V level, which is a site rarely and late affected by MTC [119–121].

Other complications include cervical lymphorrhea, particu-
larly severe if caused by injury to the thoracic duct during left- 
sided lateral cervical lymph node dissection, reported in 0.5– 
8% of cases [122]. There may also be oral fissure asymmetry 
(due to marginal branch of the facial nerve injury), deviation 
and atrophy of the tongue (hypoglossal nerve injury), up to 
dysarthria if bilateral injury, swallowing impairment (hypoglos-
sal nerve loop injury), irritative cough, expiratory dyspnea, 
brady/tachycardia and paralysis of the laryngeal nerve (vagus 
nerve injury), paralysis of the hemidiaphragm (phrenic nerve 
injury), Claude Bernard Horner syndrome (miosis, ptosis, and 
enophthalmos) due to definitive damage to the cervical sym-
pathetic, painful and fatigue radicular syndromes due to 
damage to the brachial plexus [119–121].

The persistence and recurrence of MTC are frequent, often 
grouped together under the term recurrence, while their respec-
tive meaning is indicators of the biological behavior of MTC.

Persistence implies a finding of postoperative hyper-CT 
correctly evaluated by stimulation test, unlike recurrence 
which assumes a rise after normalization of stimulated CT. 
Persistence is an indicator of non-radicality, either due to 
inadequate initial intervention or advanced stage, while recur-
rence indicates unpredictable biological aggressiveness.

Stable mildly postoperative CT values, associated with stable 
evidence of structural disease and negative 18FDG PET, can be 
monitored. Progressive increases require restaging and surgery if 
resectable disease, or complementary therapies. However, the 
eradication of advanced MTC remains a chimera that questions 
complex, interminable, reiterated interventions, as described by 
Tisell [123].

1.5. Early and prophylactic surgery

The main advantage of prophylactic surgery in MTC, before 
the C cells hyperplasia turn to carcinoma, is represented by 
certain and stable healing free from check up. Furthermore, 
this result is achieved with a less invasive operation without 
recourse to systematic lymph node dissection of the central 
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compartment, a procedure which, compared to simple total 
thyroidectomy, carries a greater risk for parathyroid glands 
and recurrent nerves. This is the second but no less important 
purpose of prophylactic surgery [49].

In fact, the problem of surgical timing, meaning when to 
operate asymptomatic carriers, arises from the concern that 
the damage, especially to the parathyroid gland in children, 
may be more severe and relatively more frequent, in the face 
of a pathology that has not yet apparent and, in any case, 
slowly evolving [124–126].

Even more uncertain is whether to intervene or not, when 
discovering an elderly carrier with no clinical evidence of 
disease, given the low overall mortality of MTC, except for 
MEN 2B, and the possibility that even a non-early but more 
extensive surgery may be stably curative.

The literature has identified a scale of aggressiveness of 
MTC related to the RET mutation, but many points are still 
unclear, particularly the variable biological behavior within the 
same family nucleus.

The extent of surgery, timing in prophylactic and early 
surgery are the direct consequence.

The main guidelines for the management of hereditary 
MTC recommend total thyroidectomy within the first year/ 
first month of life, with possible central lymph node dissec-
tion, for MEN 2B and RET mutation of codon M918, which 
are considered to be at very high risk [33,46,127]. Total 
thyroidectomy is recommended within the first 5 years of 
life for MEN 2A and C634 codon mutation, which are con-
sidered to be at high risk and central compartment dissec-
tion is indicated if serum CT levels exceed 40 pg/ml or if 
there is evidence of affected lymph nodes [49]. For patients 
with familial MTC and RET mutations other than M918T and 
C634, which are considered to be at moderate risk, CT 
measurement and neck ultrasound are recommended from 
the age of five and total thyroidectomy is only performed in 
case of detectable CT (Table 1) [33].

In subjects with hereditary MTC, the screening protocol for 
PHEO begins at 11 years of age for ATA-H and ATA-HST and at 
16 years of age for ATA-MOD. Imaging investigations are indi-
cated in case of positive biochemical tests [33].

The expression of hyperparathyroidism in MEN 2a compared 
to MEN 1 is inconsistent, of little significance and delayed [25].

Bio-tumor screening for HPT, which includes total and 
ionized calcium, phosphorus and intact PTH measurement, is 
only recommended for MEN 2A, where the codon 634 muta-
tion is the highest risk for IPT expression and it follows the 
timing of screening for PHEO [33].

The following instrumental investigations for localiza-
tion use HRUS, [99mTc]MIBI scintigraphy and, in suspected 
ectopic localizations, 18F-Choline PET-CT. The planned 
parathyroidectomy is selective, limited to pathological 
parathyroids, with intraoperative ultrasound and rapid 
PTH measurement (rPTH-IO), avoiding total parathyroidect-
omy [128,129].

In the surgical timing for MEN 2, the association with PHEO 
must alert the surgeon and anesthesiologist to prepare the 
patient with alpha-blockers, even if normotensive, before pro-
ceeding to either synchronous treatment of MTC and PHEO at 

once, in the same session, starting with adrenalectomy, espe-
cially if unilateral and completing with thyroidectomy or alter-
natively to postpone the MTC surgery, if metastatic or 
complex, to a subsequent session [130].

1.6. Pathology

Sporadic MTC typically presents as a circumscribed but not 
encapsulated nodule, it is single in 75–95% of cases; heredi-
tary MTC is multifocal in 94% of cases [43,131,132].

Macroscopically, MTC is usually solid, yellowish or reddish 
in color; larger lesions may present hemorrhagic spot or 
necrosis. Foci with the largest diameter <1 cm are defined as 
micro-MTC.

The cells of MTC are polygonal with finely granular eosino-
philic cytoplasm and central nucleus. The presence of amyloid 
is a distinctive feature of MTC and is composed of CT mole-
cules. Histologically, numerous variants of MTC are known, the 
most common include the classic variant, which accounts for 
48.9% and the amyloid-rich variant, which accounts for 38.3%. 
Other variants include the trabecular one, the amphicrine 
variant (containing mucin), angiosarcoma type, clear cell 
type, follicular type, capsular type, giant cell type, melanotic 
type (containing melanin), oncocytic type (resembling a 
Hurthle cell adenoma), papillary type, pseudopapillary type, 
paraganglioma type, small cell type, squamous type, nest-like 
pattern with pigmented dendritic cells resembling sustentacu-
lar cells, and spindle cell type [133–148].

Immunohistochemical analysis of MTC involves positivity 
for CT, CEA, chromogranin A, cytokeratin (CK), particularly 
CK7,CK8 and NKX2–1/TTF-1 [50].

Several investigators have reported a considerable amount 
of CEA production by MTC, made evident by immunohisto-
chemistry studies and by elevated CEA levels in plasma: just in 
1987 Schroder and Klopper underlined CEA shares a number 
of epitopes with the non-specific cross reacting antigens 
(NCA) and the most polyclonal CEA antibodies cross react 
with NCA, this may explain the false positive results by using 
the polyclonal CEA instead of monoclonal for MTC immuno-
histochemistry. CEA immunoreactivity has been detected in 
MTC with an incidence ranging from 77% to 100% : this range 
is attributed to differences in specificity of the antibodies 
used. Subsequently, CEA has been recognized as an attractive 
target antigen for imaging and for the treatment of MTC using 
various radiolabeled anti-CEA monoclonal antibodies 
[149–151].

To detect neuro endocrine (NE) differentiation in thyroid 
tumors it is necessary to test at immunohistochemistry for NE 
markers, such as neuron-specific enolase (NSE), synaptophysin, 
CT and chromogranin: some carcinomas without the micro-
scopic diagnosis of a NE tumor may show NE differentiation in 
immunohistochemistry, especially in non-NE organs with NE 
cells such as the lungs, digestive tract, prostate and thyroid 
[152]. In 1996 Kargi et al. analyzed histological samples of 40 
thyroid carcinomas, consisting of 35 papillary, 2 follicular, 1  
Hürthle-cell and 2 undifferentiated carcinomas and conducted 
immunohistochemical studies on the samples with NE mar-
kers: they reported positivity for three of the markers, namely, 
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NSE, CT, and synaptophysin, in six samples (five papillary and 
one Hürthle-cell carcinoma), but none demonstrated immu-
noreactivity for chromogranin [153]. Several investigators pro-
pose that some thyroid non NE tumors show positivity for 
thyroid NE tumor markers because they can present a follicu-
lar and C-cell differentiation with positive staining for both 
thyroglobulin and CT, and postulate that endodermally 
derived ultimobranchial stem cells may give rise to both C- 
cells and follicular cells [152,154]. In 2005 Munitiz et al. pre-
sented the case of a Hürthle-cell carcinoma, an oxyphilic 
variant of follicular carcinoma, positive for NE markers such 
as CT and synaptophysin at immunohistochemistry and the 
authors underlined that, although a thyroid nodule and ele-
vated CT levels usually indicate MTC, the possibility of other 
less common thyroid tumors such as Hürthle-cell carcinoma 
must be considered and other NE markers such as chromo-
granin must be evaluated [152].

The AJCC staging system has defined four stages of MTC, 
based on clinical and pathological features such as tumor size, 
presence/absence of extrathyroidal invasion, local and regio-
nal metastases and distant metastases (Tables 3, 4) [32].

In 2015, Lindsey et al. applied the concept of dynamic 
restaging of risk to predict disease recurrence in MTC. The 
authors highlighted that excellent response rates, with unde-
tectable CT and CEA and negative imaging, are associated 
with a recurrence risk of 1–8% and mortality rates < 5%. As 
the TNM increases, there is a greater number of patients with 
incomplete biochemical response or structural disease which 
are correlated with higher recurrence and mortality rates [155].

In 2020, two research groups, one at the Memorial Sloan 
Kettering (New York) and one at the Sydney Royal North Shore 
Hospital (Sydney), introduced the concept of grading for MTC, 
based on the evaluation of the mitotic index, Ki-67 and the 
presence/absence of necrosis, similar to the grading system 
used for neuroendocrine tumors (NET). In 2021, starting from 
these study groups, an international consortium was created, 
which produced the International Medullary Thyroid 
Carcinoma Grading System (IMTCGS) that distinguishes two 
categories: low-grade MTC, with a mitotic idex of <5 mitoses/2  

mm2, Ki67 <5%, no necrosis and high-grade MTC, with at least 
one of the characteristics among mitotic index of >5 mitoses/ 
2 mm2, Ki67 >5% or presence of necrosis [156–158].

1.7. Complementary therapies

External radiotherapy is no longer indicated, nowadays reserved 
for symptomatic bone or brain metastases, nor is classic cytotoxic 
chemotherapy, due to low response rates (15–20%) [33].

Starting from 2005, new targeted therapies with tyrosine kinase 
inhibitors (TKI) have emerged for MTC. Since the structure of RET 
kinase is similar to that one of type 2 vascular endothelial growth 
factor receptor (VEGFR2), it is susceptible to inhibition by anti- 
angiogenic drugs, such as anti-angiogenics multikinase, vandeta-
nib and cabozantinib. Vandetanib inhibits VEGFR, RET, and epider-
mal growth factor receptor (EGFR) and cabozantinib inhibits 
VEGFR, RET, and c-MET [159,160].

Treatment with these drugs is indicated in patients with 
significant tumor burden and disease progression.

Other second-line multikinase inhibitors include sorafenib, 
sunitinib, pazopanib and lenvatinib [161].

Vandetanib and cabozantinib are Multitarget Kinase 
Inhibitors (MKIs) used as first line treatment for advanced 
MTC. These MKIs could also be used for RET-altered malignan-
cies, but they have modest efficacy with weak anti-RET specific 
inhibition. Moreover, studies are ongoing on highly potent 
selective RET inhibitors such as selpercatibnib (LOXO-282) 
and pralsetinib (BLU-667). Selpercatinib, a highly selective 
RET kinase inhibitor, has been approved on 8 May 2020 by 
the Food and Drug Administration (FDA). In a phase 1–2 trial 
the response rate for RET mutant MTC was 69% and 73% 
respectively in patients with and without previous MKI treat-
ment [162,163]. In 2020 Jozaghi et al. reported the first case of 
neoadjuvant selpercatinib followed by surgery for a RET 
mutated MTC initially unresectable, metastatic with greater 
than 50% Response Evaluation Criteria in Solid Tumors 
(RECIST) response and a complete surgical resection followed 
by selpercatinib resumption. This approach of neoadjuvant 
RET-specific inhibitor followed by surgery for patients with 
locoregionally advanced MTC reduced the risk of locoregional 
complications, however clinical trials are required to establish 
safety, efficacy and long-term outcomes with this approach 
[164]. Various other investigational therapeutic modalities, 
including immunotherapy such as prembolizumab, nivolumab 
and ipilimumab, which are gastrin analogues/cholecystokinin 
2 agonists, tumor vaccines, radioimmunotherapy using radi-
olabeled anti-CEA monoclonal antibodies, and peptide recep-
tor radionuclide therapy (PRRT) have been developed [159].

Peptide Receptor Radionuclide Therapy (PRRT) with radi-
olabeled somatostatin analogues (SSA) using 90 yttrium (90Y) 
and 177 lutetium (177Lu) is based on the rationale that MTC 
overexpresses type 2 somatostatin receptors (SSTR) [165].

PRRT shows efficacy in treating patients with MTC, with a 
favorable radiological response (stable disease, partial 
response or complete response) reported in 12.9% to 60% of 
cases, together with low toxicity [166–168]. Since MTC also 
specifically expresses cholecystokinin receptors (CCK2R), PRRT 
has been tested with this target and some randomized trials 

Table 3. American Joint Committee on cancer staging [32].

Tumor (T) Lymph node (N) Methastasis (M) Stage

T1 N0 M0 I
T2-T3 N0 M0 II
T1-T3 N1a M0 III
T1-T3 N1b M0 IVA
T4a Any N M0 IVA
T4b Any N M0 IVB
Any T Any N M1 IVC

Table 4. American Joint Committee on cancer staging [32].

Tumor (T) Lymph node (N) Methastasis (M) Stage

T1 N0 M0 I
T2-T3 N0 M0 II
T1-T3 N1a M0 III
T1-T3 N1b M0 IVA
T4a Any N M0 IVA
T4b Any N M0 IVB
Any T Any N M1 IVC
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are ongoing. PRRT could therefore represent an option in the 
treatment of advanced/progressive/metastatic disease [169].

Adoptive T cell immunotherapy using chimeric antigen recep-
tor (CAR)-modified T cells (CAR Ts) is proposed as a new approach 
in the treatment of cancer: the glial-derived neurotrophic factor 
(GDNF) family receptor alpha 4 (GFR α4) has been proposed as a 
putative antigen target for CAR-based therapy of MTC. Bhoj et al. in 
2021 demonstrated the feasibility of targeting GFR α4 by CAR T 
eliminating tumors derived from the MTC TT cell line in an immu-
nodeficient mouse xenograft model of MTC: their data supported 
this antigen as a promising target for adoptive T cell immunother-
apy and other antibody-based therapies for MTC [170]

In future perspectives, the recent advent of genetic editing 
and gene modulation plays an important role. The clustered 
regularly interspaced short palindromic repeats associated 
(CRISPR)-CRISPR associated (Cas) method has modified the 
way of manipulating the genome and facilitated the study of 
tumor cell biology both in vitro and in vivo. The CRISPR-Cas 
method has favored a rapid expansion in the understanding of 
molecular mechanisms of cell signaling, also in thyroid carci-
noma [171].

2. Conclusions

MTC is a rare tumor with a variable and unpredictable evolu-
tion. Alongside a minority of cases of MTC, even voluminous 
but always intrathyroidal, without metastases and with a 
favorable course that can benefit from conservative treat-
ments, there are others with progressive aggressiveness, 
often with stable disease and others with rapid progression, 
out of surgical control, requiring multiple operations. The 
stage remains the discriminating prognostic factor and, there-
fore, the timing of diagnosis, to which two allies have con-
tributed to an earlier diagnosis: a serum marker, CT, which is 
associated less constantly with CEA and a molecular marker, 
RET, which can identify asymptomatic carriers of the genetic 
mutation in the patient’s family and, based on the mutation 
risk level, define the timing of surgery, initiating prophylactic 
or early surgery.

It is imperative and relatively simple to diagnose MTC. This 
is followed by molecular genetic analysis and the possible 
correlation with MEN, while in parallel, total-body instrumental 
staging is performed.

The primary preoperative objective is to exclude distant 
metastases and localize cervical lymph node metastases by 
levels, which is entrusted to a dedicated and competent team 
of radiologists and nuclear medicine physicians, enabling 
increasingly personalized and safe surgery.

3. Expert opinion

This review has examined the history of CMT, which runs 
parallels to that of calcitonin. The molecular profile of MTC is 
analyzed, distinguishing the sporadic and hereditary form. In 
the hereditary type, the surgical timing is defined based on 
the risk category linked to the present mutation.

This review has explored the history of CMT, which runs 
parallel to that of CT. The molecular study was analyzed, 

fundamental in framing the CMT by distinguishing the spora-
dic from the hereditary and in the latter defining the surgical 
timing, based on the risk category of the mutation present.

MTC (medullary thyroid carcinoma) is a rare tumor with 
variable and unpredictable evolution, often already metastatic 
at the time of diagnosis. Early diagnosis, thanks to serum 
markers (CT, CEA) and molecular markers (RET), allows to 
anticipate the stage of the disease and to offer a stable cure.

Considering surgical treatment guidelines, based solely on 
preoperative CT values, the contributions on preoperative 
staging procedures are modest and the relative evaluations 
are sporadic.

Clear and shared guidelines are essential in guiding the diag-
nostic and therapeutic pathway, but they must always be sub-
jected to the critical and expert judgment of a multidisciplinary 
team that evaluates the patient in his individuality and constructs a 
personalized pathway that takes into consideration the quality of 
life.

Shared and reliable CT cutoffs for demonstrating the pre-
sence of MTC are still lacking in literature and each center, in 
clinical practice, should define its own threshold levels of 
calcitonin after stimulation test.

This work aims to emphasize the need for accurate staging, 
aimed at avoiding iterative, complex and sometimes less radi-
cal interventions, as well as unnecessary prophylactic compart-
mental interventions, not free from complications.

However, there is no indicator capable of distinguishing 
voluminous but bengnoid MTC, always intrathyroidal and 
without metastasis, which could benefit from conservative 
surgery, from indolent MTC, even if metastasized, sometimes 
with stable residual biochemical disease after surgery and 
from an aggressive one.

Future research should focus on achieving this objective 
through serum, genetic, and immuno-histochemical studies.

Efforts should be focused on targeted therapies, including in 
neoadjuvant setting in advanced or unresectable disease and on 
genetic engineering to restore the wild-type gene structure, pre-
venting tumor development in asymptomatic RET mutation 
carriers.

Based on literature and our experience, it is concluded that, still 
today, surgery remains the only therapeutic weapon for MTC and 
its effectiveness is related to the stage of the disease. However, 
data are variable and often contradictory, based on modest and 
difficult to compare case studies, due to the rarity of MTC.

The rarity of MTC is reflected in the lack of randomized studies 
that provide shared indications, based on a significant number of 
enrolled patients, for the surgical treatment of the primary and 
local or distant persistence/recurrence of the disease.

It is important to emphasize the importance of not proceeding 
with surgical intervention before studying the patient from a 
genetic perspective and before completing the entire diagnostic 
workup.

The fundamental objective is to diagnose MTC in the 
intrathyroidal phase, before lymph node metastasis and for 
hereditary forms to act in a phase that is not only early but 
even preclinical, when C cell hyperplasia has not yet turned 
into a tumor.

In the near future, we expect to see a development of more 
and more personalized treatments, from surgery to new 
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targeted pharmacological therapies, in support of a tailored 
multidisciplinary therapy, guided by an increasingly specific 
molecular and immunohistochemical profile of MTC.
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