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Opinion statement

Genetic assessment is crucial to address the correct treatment for advanced medullary
thyroid cancer (MTC). Multi tyrosine kinase inhibitors (mTKIs) cabozantinib and vande-
tanib are good first line options, even vandetanib prescription is currently limited to RET
mutated patients. Selective RET inhibitors such as pralsetinib could be a preferred upfront
treatment in case of RET mutated MTC presenting common or gatekeeper RET mutations
(e.g. M918T; V804L/M). Selpercatinib, otherwise, can be prescribed as the second line
after disease progression to mTKIs. The best option for subsequent lines is to consider
inclusion in clinical trials or alternatively other mTKIs such as sunitinib, sorafenib, len-
vatinib, or pazopanib could be evaluated. New perspectives include next-generation RET
inhibitors able to overcome resistance mechanisms responsible for disease progression
to standard mTKIs and RET inhibitors, and immunotherapy for MTC presenting with high
tumor mutational burden.
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Introduction

Medullary thyroid carcinoma (MTC) is a rare neu-
roendocrine tumor that originates from the parafol-
licular cells of the thyroid gland and accounts for
up to 4% of all thyroid cancers in the West [1, 2,
3e¢]. MTCs occur either as sporadic tumors or as
inherited components of multiple endocrine neo-
plasia (MEN) type 2. They can secrete calcitonin and
are unable to produce calcitrides, along with other
humoral substances that may contribute to paraneo-
plastic syndromes. The primary treatment for MTC is
extensive and meticulous surgical resection. External
beam radiation therapy (EBRT) has a limited role.

For patients with progressive or symptomatic meta-
static disease who cannot be treated with surgery,
radiotherapy, or other focal ablative interventions,
targeted systemic therapies are effective interventions.
Between 2011 and 2020, the FDA and EMA approved
four tyrosine kinase inhibitors for the treatment of
progressive, unresectable, locally invasive, and/or
advanced metastatic MTC that is not amenable to
other treatments. In this review, we intend to focus
on the state of the art of available treatment options
for advanced/metastatic MTC in Europe and the USA,
as well as future treatments.

Epidemiology

MTC accounts for 1-2% of all thyroid cancer. Sporadic MTC accounts for
about 80% of all cases of the disease and presents in the fifth or sixth decade
of life. Inherited forms of the disease tend to present at earlier ages. In con-
trast with thyroid epithelial cell tumors, the female-to-male ratio for MTC is
nearly equal [1].

MTC can be sporadic (somatic mutation, 75% of cases) and hereditary (ger-
mline mutation, 25% of cases), with the later form being part of MEN2
syndrome types A and B. MEN2A is the most frequent subtype (95%) and
consists of MTC (present 100% of the case), pheochromocytoma (PHEO, up
to 50%), primary hyperparathyroidism (PHPT, up to 30%), and with less fre-
quency cutaneous lichen amyloid and Hirschsprung’s disease [1, 2]. MEN2B
accounts for only 5% of inherited MTC, and it is the most aggressive form
of MEN2 characterized by early onset MTC, PHEO, and a characteristic phe-
notype: mucosal ganglioneuromas and marfanoid habitus [1, 2]. It is a cur-
rent standard of care for all patients with newly diagnosed MTC to undergo
genetic testing because up to 7% of seemingly sporadic MTC cases are in fact
de novo hereditary mutations (meaning not inherited from either parent).
In addition, approximately 75% of patients with MEN2B have a de novo
germline RET mutation. Children with MEN2 should undergo prophylactic
thyroidectomy; however, the timing of surgery depends on the RET mutation
American Thyroid Association (ATA) risk category [1, 4].

The RET oncogene is the most common driver mutation in MTC. It is
present in 100% of MEN2 syndromes and about 45% of sporadic MTC.
Mutually exclusive RAS mutations (HRAS and KRAS) have been reported in
approximately 15% of sporadic MTC, RET, and RAS proto-oncogene muta-
tions are detected in approximately 90% of MTCs and are the predominant
drivers of these tumors. In the remainder cases of sporadic MTC do not have
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an identifiable driver mutation [5]. RET is a proto-oncogene that encodes a
tyrosine kinase transmembrane receptor. The normal RET receptor activa-
tion process starts with the binding of growth factors to a co-receptor, which
causes RET dimerization and phosphorylation at the terminal kinase region
with resultant activation of the RAS/MAPK and PI3K/AKT pathway involved
in cell proliferation, differentiation, survival, growth, and migration [6-8].
About 95% of mutations in MEN2A take place in the cysteine-rich domain
of RET extracellular region (exon 8 to 11) creating disulfide-bonded RET
homodimers with subsequent ligand-independent activation of the receptor
at the kinase-region [9]. The most frequent and aggressive form of MEN2B is
characterized by a mutation in codon M918T of exon 16 which increases ATP
binding affinity to RET monomers causing autophosphorylation without the
need for receptor dimerization. Generally, closer is the activating mutation
to the kinase domain of the RET receptor, and more aggressive is the disease
[9]. In sporadic MTC the most common somatic RET mutation is M918T,
but alterations in other codons (like V804L/M), deletions, and duplications
have also been identified [7¢]. Since it is unclear how knowledge of a specific
somatic (acquired) RET mutation should impact initial clinical management
and follow-up, it is not routinely necessary to evaluate primary tumor sam-
ples for RET mutational status. However, somatic mutational profiling of
tumor tissue should be performed in patients being considered for a systemic
therapy. Today, the presence or absence and the type of RET mutations have
an impact on the choice of first-line therapy, RET inhibitor drugs, or multi-
kinase inhibitors (MKIs).

Clinical presentation and behavior

MTC has a wide range of clinical behaviors, varying from indolent to aggres-
sive tumors and based on stage, in particular, 5-year relative survival for stage
[ to I1I is about 93%, whereas 28% for stage IV [10°¢]. Sporadic MTC accounts
for approximately 75% of all cases. The typical age of presentation is in the
fourth and sixth decades of life and most cases is an asymptomatic solitary
thyroid nodule, therefore the diagnosis of MTC is often done when the tumor
has progressed outside of the thyroid to cervical lymph nodes [11]. Up to 15%
have symptoms of upper aerodigestive tract compression or invasion such
as dysphagia or hoarseness. Systemic symptoms may occur due to hormo-
nal secretion by the tumor, calcitonin, and calcitonin gene-related peptide,
or other substances that can cause diarrhea or facial flushing. In addition,
occasional tumors secrete corticotropin (ACTH), causing ectopic Cushing
syndrome. In the index case, the clinical presentation and manifestations of
MEN2-associated MTC are similar to those of sporadic MTC. The most com-
mon presentation is that of a solitary thyroid nodule or cervical lymphad-
enopathy. Early diagnosis (before any clinical manifestations) by screening
of “at-risk” family members in MEN2 kindred is important because MTC is
a life-threatening disease that can be cured or prevented by early thyroidec-
tomy. Approximately 5 to 10% have distant metastatic disease [1, 6]. Distant
metastases may occur in the liver, lung, bones, and, less often, brain and skin.
Nodal metastases are more common in patients with multifocal disease [7°].
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However, as calcitonin screening results in the identification of more “micro”
medullary cancers, the number of patients with metastases at presentation
appears to be decreasing [8, 9, 12].

Therapy for localized disease

In early or locally advanced MTC, the only curative approach is complete
surgical resection of the thyroid and loco-regional lymphadenectomy [1, 3,
13]. Total thyroidectomy rather than unilateral lobectomy is the preferred
surgical approach. Up to 10% of patients with sporadic MTC and all patients
with inherited MTC have bilateral or multifocal disease [1]; in addition, the
latter all have premalignant diffuse C cell hyperplasia. For most patients with
MTC confined to the neck and no evidence of involved cervical lymph nodes
on preoperative ultrasound, we routinely perform prophylactic bilateral dis-
section of the central lymph node compartment without prophylactic lat-
eral neck dissection. Prophylactic central neck dissection is not required in
patients with small intra-thyroid MTCs with preoperative calcitonin<20 pg/
mL, as metastatic lymph nodes are exceedingly rare in this circumstance [4].
For patients with intraoperative evidence of central cervical lymph node
involvement, dissection of the involved lateral neck compartment is also
performed. Unfortunately, there is only a 10% cure rate when cervical lymph
nodes are involved during initial surgery [1]. Treatment options for patients
with persistent or recurrent neck disease include active surveillance, repeat
surgery, or other direct therapies (such as radiofrequency ablation, cryoabla-
tion, embolization), or systemic therapies. In the treatment choice physician
should consider a variety of clinical factors like the tumor volume, the precise
location, symptoms, the clinically significant structural disease progression,
and the RET mutational status.

Therapy for advanced disease

Many patients with distant metastases have indolent disease — stable to slow-
growing lesions and tumor markers (Ctn and CEA) increasing at a slow pace
— that requires active surveillance without the need for systemic therapy for
years. Localized treatments like EBRT, surgical resection (metastasectomy),
embolization, radiofrequency ablation, or cryoablation are beneficial to con-
trol a progressive single focus of metastasis, treat small volume oligometa-
static disease when stable in all but one area, alleviate pain, reduce morbidity,
or treat refractory diarrhea. EBRT to the neck should be avoided as much as
possible because it has not proven to increase the overall survival (OS), causes
morbidity to the patient with a decrease in quality of life. Lastly, it increases
the risk of fistula formation in the event of a subsequent systemic therapy, par-
ticularly with multikinase inhibitors (MKIs) with antiangiogenic properties
[14, 15]. Radiation therapy is efficacious in the management of bone metasta-
sis to alleviate pain and to prevent skeletal-related complications (i.e., spinal
cord compression, or a pathological fracture) or in the management of a
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single growing metastatic liver lesion. Bone metastases should also be treated
with bisphosphonates or the RANK-L inhibitor denosumab [1, 16-20].

Systemic therapies

The decision to start systemic treatment should not be taken lightly as it
confers toxicities with long-term effects remaining unknown, is not curative,
requires long-term use for disease control, and loses efficacy over time due to
acquired resistance. In the management of advanced/metastatic patients, the
clinician must carefully balance tumor growth rate, quality of life, treatment
efficacy, and toxicities [1]. Systemic treatments in patients with advanced
MTC should be introduced in the presence of at least one of the following
scenarios: [1] progressive (by RECIST) within 12-14 months, [2] sympto-
matic disease not amenable to any localized or symptom-specific therapies,
[3¢¢] tumor invasion to vital structures not amenable to localized therapies,
[4] severe, intractable MTC-related diarrhea or paraneoplastic Cushing’s syn-
drome with lack of an alternative efficacious treatment, and [5] as a relative
indication: Ctn or CEA doubling time less than 6 months with small indi-
vidual lesions that add up to a large tumor burden [3, 10, 14].

Molecular target agents used as first-line therapy

The categories of drugs that can mainly be used are antiangiogenic MKIs with
nonselective RET inhibitors or selective RET inhibitors (Table 1), to date it is
not known which is the best sequence of administration of these 2 categories
of drugs, the randomized trials in progress will answer this question (Table 2).

Vandetanib and cabozantinib are the MKIs currently in use. Vandetanib
targets VEGFR, RET, and EGFR, while cabozantinib targets VEGFR 1,2 c-MET,
and RET. In a phase II study limited to 30 patients with metastatic or unre-
sectable hereditary MEN2A MTC, 6 (20%) patients achieved a partial response
to vandetanib, while 16 (53%) achieved disease stability for at least 24 weeks
[37]. An international phase III study randomized 231 patients with sporadic
or hereditary MTC to receive vandetanib or placebo. Patients with both progres-
sive and stable disease were eligible for enrollment. After a median follow-up
of 24 months, progression-free survival (PFS) was significantly prolonged for
patients assigned to vandetanib compared with placebo (hazard ratio [HR] 0.46,
95% confidence interval [CI] 0.31-0.69) [23]. The vandetanib group did not
achieve the median PFS but it was expected to be 30.5 months compared with
19.3 months for the placebo group. The objective response rate (ORR) was sig-
nificantly higher in the vandetanib group (45% vs. 13%). A post hoc analysis
of this trial showed that the outcome of patients with progressive was similar
to that of stable disease [38]. Of interest, calcitonin levels decreased dramati-
cally after vandetanib therapy, but the marker decrease did not directly correlate
with changes in tumor volume; thus, calcitonin may not be a reliable marker of
tumor response in patients receiving RET inhibitor therapy [37]. Recently, the
activity of vandetanib in MTC not carrying the RET mutation was investigated
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in depth. Data from 47 patients treated with vandetanib in phase IIl OBS14778
study were pooled with 50 prospectively and retrospectively enrolled patients
with symptomatic, aggressive, sporadic, unresectable, locally advanced/meta-
static MTC. Overall, 97 patients were screened and 79 were evaluated for efficacy,
of which 58 were RET mutation positive and 21 were RET mutation negative.
ORR was 5.0% for RET mutation-negative patients and 41.8% for RET mutation
positive patients (NCIT01945762). Cabozantinib was investigated in a controlled
randomized trial of 219 patients with progressive, metastatic, or unresectable
locally advanced MTC. A significant prolongation of PFS was observed for cabo-
zantinib treatment compared with placebo (11.2 vs. 4.0 months; HR 0.28, 95%
CI 0.19-0.40). Moreover, PFS was significantly better in the subgroup of patients
treated with cabozantinib compared with placebo whose tumors presented RAS
mutation [39]. Partial responses were observed in 28% vs. 0%. Median OS
improved non-significantly by 5.5 months with cabozantinib therapy (26.6 vs.
21.1 months; HR 0.85, 95% CI 0.64-1.12) [24].

The FDA approved the use of vandetanib or cabozantinib for patients
with locally advanced or metastatic MTC who are not eligible for surgery and
whose disease is causing symptoms or growing and NCCN guidelines recom-
mend these drugs as first line [10°¢].

Because of the insufficient activity of vandetanib in patients with no iden-
tified RET mutations, recently EMA restricted the vandetanib indication to
patients with a RET-positive tumor.

Access to vandetanib is also restricted through a vandetanib risk evaluation
and mitigation strategy (REMS) program because of potential cardiac toxic-
ity involving prolongation of the QTc interval [40], while rare adverse events
with cabozantinib include severe bleeding and gastrointestinal perforations
or fistulas; severe hemorrhage is a contraindication for cabozantinib.

The advent of comprehensive next-generation sequencing (NGS) of tumors,
identifying molecular drivers of tumorigenesis, allowed the development of tar-
geted therapies with greater efficacy and less potential off-target adverse events.

Selpercatinib and pralsetinib are the current selective RET inhibitors in use
for MTC patients. These drugs were tested in prospective studies recruiting
both treatment-naive and pretreated patients with RET-mutated MTC.

NGS is the preferred method to detect RET mutation, if available [3¢]. In
the single-arm open-label study, LIBRETT0-001, selpercatinib was tested in
143 patients with advanced or metastatic RET-mutated MTC. ORR was 73%
in treatment-naive and 69% in previously treated patients, with a complete
response rate of 9% and 11%, and a partial response rate of 60 and 61%,
respectively [21¢¢]. After a median follow-up of 16.7 and 11.1 months in
the two groups, median PFS was not reached. A randomized phase III trial
(NCT04211337), comparing selpercatinib with either cabozantinib or vande-
tanib, at the physician’s choice, is ongoing. Because of the rapid tumor shrink-
age observed with selpercatinib, a neoadjuvant therapy trial (NCT04759911)
is recruiting patients with locally advanced primary tumors.

The most reported grade 3 and 4 toxicities of selpercatinib were hyperten-
sion (21%), increased alanine aminotransferase (11%), increased aspartate
aminotransferase (9%), hyponatremia (8%), and diarrhea (6%).

Pralsetinib activity has been investigated in the single-arm open-label ARROW
study. Among the 21 treatment-naive patients, the ORR was 71%, including a 5%
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complete response rate. In 55 patients previously treated with cabozantinib and/
or vandetanib, the ORR was 60% of which only 1.8% were complete responses
[22¢#¢]. Pralsetinib was generally well-tolerated, with the most common reported
grade 3-4 treatment-related adverse events being hypertension (11%) and neu-
tropenia (10%) [41]. Due to these encouraging results, RET mutation analysis
should always be done when anticipating the need to start systemic therapy.

Selective RET inhibitor drugs have achieved a higher response rate and a
more tolerable side effect profile considering MKI, vandetanib, or cabozan-
tinib (but data supporting the use of pralsetinib-selpercatinib are less robust
than in phase III studies of MKIs and ESMO guidelines shows as preferred
option vandetanib and cabozantinib). A complete response was achieved in
only about one over 10 patients with this specific-RET inhibitor, but these
therapies can potentially provide long-term disease stabilization and delay
progression in selected patients. However, no studies have yet reported the
effects of these agents in improving survival.

The type of RET mutation may direct the choice of first-line therapy. Selec-
tive RET inhibitor drugs, such as selpercatinib and pralsetinib appear to have
excellent inhibitory potential against the most common somatic RET M918T
mutation and other pathogenic RET mutations or deletions. In addition, these
inhibitors can overcome the gatekeeper RET V804L/M mutations, which are
known to confer resistance to both cabozantinib and vandetanib by prevent-
ing these molecules from inserting into the ATP-binding pocket of the kinase
portion of the receptor [23, 24] (Fig. 1).

The results of these studies led to the following regulatory approvals:

¢ In Europe, selpercatinib has been approved only after vandetanib or cabo-
zanitnib, while in FDA approved regardless of whether or not patients had
previously been treated with MKIs. DNA quantitative PCR or NGS are the
preferred approaches for testing RET mutation.

e DPralsetinib has been EMA and FDA-approved for RET-mutant advanced or
metastatic MTC.

Subsequent lines

Sorafenib, sunitinib, or lenvatinib are reasonable options for patients who have
failed either or both selective and non-selective anti-RET drugs but only if clini-
cal trials are not available or are not appropriate. Lenvatinib was investigated
in a phase II study of 59 patients [28]. The best overall response rate was 36%
(95% CI 24-49%), all partial responses, while 44% had disease stability. The
two cohorts of naive and pretreated patients had similar response rates. Median
PES and OS were 9.0 months (95% CI 7.0-not achieved) and 16.6 months
(95% CI 14.0-not achieved), respectively [28]. Limited results demonstrated
the activity of sorafenib and sunitinib in MTC. The largest trial with sorafenib
included 16 patients. One patient achieved a partial response and the median
PES was nearly 18 months [30]. Partial response (n=3) or durable stable disease
(n=3) was also reported in six of eight MTC patients participating in a phase I
study of a combination sorafenib and tipifarnib [42]. Sunitinib was investigated
in an open-label, phase II trial in 26 patients with progressive refractory MTC
with a median follow-up of 25 months, the ORR was 38.5 (22.6-56.4 months),
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with a median PFS of 16.5 months [32]. Anlotinib is an MKI that inhibits
VEGEFR, FGFR, PDGFR, and c-Kit. Its activity in MTC was investigated in a ran-
domized, double blind, placebo-controlled phase IIB study (ALTER 01031),
enrolling 91 patients 2:1. In the anlotinib arm, median OS was 50.4 months
and median PFS reached 22.4 months, with an ORR of 48.4% and 40.3% of
stable diseases [25]. The activity of the MKI axitinib was evaluated in a compas-
sionate use program involving 13 MTC patients. Only 3 patients obtained a dis-
ease response (all partial) and in 5 cases stability of disease was achieved (ORR
23.1%, DCR 61.5%) [26]. This molecule has been also investigated in a phase II
study on advanced thyroid cancer. Six MTC patients were enrolled and none of
them obtained a response of disease, while in 5 cases (83%) disease was stable
[27]. Pazopanib is a small molecule that inhibits principally VEGFR, PDGFR,
and c-Kit. MCO57H is a phase II trial that investigated its activity in progressive
MTC patients. Among the 35 enrolled individuals, there have been 5 partial
responses, with a median duration of response of 1 year, and 20 stabilities of
disease. Median PFS and median OS were 9.4 and 19.9 months, respectively.
Evaluating potential associations between disease response and tumor mark-
ers, it was found that, in this subgroup of patients, CEA reduction significantly
relates to longer PFS [33]. Bortezomib is an inhibitor of chymotrypsin-like
activity of the 26S proteasome, approved for the treatment of hematologic
malignancies. Preclinical studies indicate that this molecule can also reduce
RET levels in vitro and inhibit MTC cell lines’ growth. A recent phase I study
evaluated the safety and tolerability of the combination of bortezomib with
vandetanib. Nineteen MTC patients were enrolled and, although some RECIST
responses were achieved (6 patients), the combination therapy was judged not
better than single-agent vandetanib with added toxicities, so planned phase I
study was not pursued [34].
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If the patient progresses on a preferred second-line molecular target ther-
apy, systemic chemotherapy can be administered using dacarbazine or com-
binations including dacarbazine [43] or as preferred choice, if possible, the
inclusion in a clinical trial is to be considered. EBRT can be used for local
symptoms while intravenous bisphosphonate therapy or denosumab for bone
metastases. Best supportive care is also recommended [10, 44].

Similarly to other neuroendocrine tumors, MTC expresses the somato-
statin receptor subtype 2. In a single-arm phase II clinical trial, 31 patients
with progressive metastatic MTC and with tumor uptake at pre-therapeutic
scintigraphy, treatment with radiolabeled octreotide, [90-octrio-DOTA]-TOC,
resulted in decreased calcitonin levels in nine patients (29%). The responsive
patients had a significantly longer median survival (109 months from the
time of diagnosis compared with 80 months for non-responders) [35]. A ran-
domized phase III clinical trial is warranted to confirm these results (Fig. 2).

Emerging therapies

Emergent RET mutations at the solvent front (G810C/R/S/V) and hinge region
(Y806C/N) have been associated with the progression of disease and resist-
ance to selpercatinib and pralsetinib.

Other resistance mechanisms to the selective RET-inhibitors include the
development of MET and KRAS amplifications. Even though these resistance
mechanisms occur infrequently, it is important to check for the develop-
ment of new mutations when progression occurs after an initial response
to therapy. Real-time identification of emergent mutations in patients who
progress on treatments can offer insight into possible resistance mechanisms
optimizing further treatment planning [45].

Therefore, precision medicine represents the present/future strategy for
MTC as well as many types of cancers. This approach is favored by the acces-
sibility and the wider use of tissue NGS and liquid biopsy. New RET-inhibitor,
immunotherapy, radioimmunotherapy, MTC tumor-derived vaccines and
drugs interfering with the methylation of DNA could represent the most
interesting options for the future.

Several next generation RET-inhibitors are in development [7¢] (Table 2).
TPX-0046 is currently undergoing a phase I/II clinical trial (NCT04161391) in
adult subjects (=18 years old) with progressive or advanced-metastatic solid
tumors harboring RET fusions or mutations.

TPX-0046 is a novel, potent, and selective inhibitor of both RET and
another proto-oncogene: SRC. Unlike other RET inhibitors, this drug presents
a rigid macrocyclic structure which makes it active against various mutations,
including the solvent front mutation (SFM) RET G810 that conveys resistance
to other selective RET inhibitors but not the gatekeeper V804, which limits
its effectiveness in some patients with MTC especially whose disease harbor
both gatekeeper and SFMs [7¢]. BOS172738 is a small molecule RET inhibitor
that has demonstrated robust low nanomolar potency (kd <1 nM) against
wild-type RET and fusion and mutated protein receptors including M918T,
V804L, and V804M, while keeping approximately 300-fold selectivity against
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Fig. 2 Flowchart treatment for metastatic disease in our Institution.

VEGFR2. BOS172738 produced durable tumor regression and tumor growth
inhibition at similar or lower IC50 concentrations compared with ponatinib
in preclinical studies. A phase I (NCT03780517), open-label, multicenter,
dose escalation study is currently ongoing to evaluate safety, tolerability, phar-
macokinetics, and pharmacodynamics in adult patients (=18 young) with
advanced solid tumors with RET alterations [7¢]. TAS0953/HMOG is a selec-
tive RET inhibitor undergoing a phase I/II clinical trial (MARGARET study)
(NCT04683250) in adult patients with advanced, progressive, or metastatic
RET-altered solid tumors with or without prior MKI therapy [7¢].
Immunotherapy represents an option in the USA for patients with MTC with
non-druggable mutations with tumor mutational burden higher than 10 [muta-
tions/megabase]. The NCCN guidelines consider Pembrolizumab an option
for this specific case, both in the first and subsequent line [10*¢]. Recently sev-
eral studies evaluated the expression of the immune co-inhibitory receptors
PD-1, CTLA-4, TIM-3, LAG-3, and TIGIT and had identified MTC as a more
immunogenic tumor, or at least not so immunologically “cold” as previously
reported in small sample studies [46-49]. Very preliminary results of a phase
II trial evaluating nivolumab plus ipilimumab in patients with aggressive thy-
roid cancer (NCT03246958) are available. Indeed, 7 patients with progressive
MTC and prior MKI failure were included in an exploratory cohort of the study
and assessed for radiographic response based on RECIST v1.1 criteria. A lack
of partial response is reported for all the 7 patients [50]. One of the possible
approaches of immunotherapy is to induce host immunity against the tumor
by administering tumor-derived vaccines or inoculations of transfectant tumor
cells that express specific cytokines. Some promising results have been obtained
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with stimulated dendritic cells. In a small study of only 7 patients, dendritic cells
obtained from each patient’s tumor were stimulated in the presence of calcitonin
and CEA antigen [51]. Following periodic administrations, one patient achieved
a partial response, including complete regression of liver metastases, associated
with a 70% reduction in serum tumor markers. Two other patients had mixed
responses. In another study of 10 patients, dendritic cells were stimulated with
lysates of each patient’s primary tumor [52]. Given the peculiar overexpression
of CEA on MTC cells, radiolabeled anti-CEA monoclonal antibodies have been
studied for radioimmunotherapy. In particular, a bispecific recombinant anti-
CEA/anti-ethylenetriamine pentaacetic acid (DTPA)-indium (BsMADb) antibody,
followed four days later by a bivalent 1311-labeled hapten, demonstrated some
activity in a small cohort of patients [53]. In a subsequent single-arm study in
patients with progressive metastatic MTC (defined as calcitonin doubling time
of less than two years), the median OS after administration of this therapy was
110 months [45]. This compares favorably with the median survival of a con-
temporary untreated cohort of only 60 months.

Recently, proteome-based stratification of 102 MTCs revealed three molecu-
larly heterogeneous subtypes that are distinct in genetic drivers, epigenetic mod-
ification profiles, clinicopathologic factors, and clinical outcomes that in the
future could represent a guide for choosing the more appropriate treatment. Clus-
ter I1I, “Mesenchymal” (32% of the MTC considered), revealed a relatively higher
level of DNA methylation besides enrichment of RETM918T mutation and STAT3
signaling activation, possibly a cause of severe prognosis in mesenchymal tumors
[54¢]. On the other hand, the higher level of DNA methylation could be targeted
since numerous small molecules that target the epigenetic regulatory enzymes
have been identified recently, some of which show promise as anticancer treat-
ments. Indeed, several epigenetic drugs have been approved by the FDA and are
commercially available for the treatment of hematologic tumors, such as DNA
methyltransferase inhibitor (DNMT) inhibitors (azacytidine and decitabine),
histone deacetylase inhibitor (HDAC) inhibitors (vorinostat, romidepsin, belin-
ostat, panobinostat, and chidamide), enhancer of zeste homolog (EZH2) inhibi-
tor (Tazemetostat) [55°¢]. Additionally, there are several clinical trials involving
inhibitors of epigenetic regulators that are ongoing and that could synergize if
combinate with small molecules targeting chromatin or immunotherapy provid-
ing additional opportunities for their future clinical application [56].

Conclusion

Metastatic MTC is a rare disease with a potentially severe prognosis. Even
though many drugs were recently approved for MTC, we do not have either
international shared nor standard options after the second line. Tumor
genetic profiling and ongoing trials will help clinicians to better understand
the more appropriate therapy and the best treatment sequence.



Current Treatment Options in Oncology (2023) 24:1815-1832 1829

Declarations

Funding
Open access funding provided by Universita degli Studi di Brescia within the CRUI-CARE Agreement.

Compliance with Ethical Standards

Conflict of Interest
The authors declare no competing interests.

Human and Animal Rights
This article does not contain any studies with human or animal subjects performed by any of the authors.

Open Access

This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the
article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is
not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References and Recommended Reading

Papers of particular interest, published recently, have been
highlighted as:

e Of importance

ee Of major importance

1.

Wells SA, Asa SL, Dralle H, Elisei R, Evans
DB, Gagel RF, et al. Revised American Thyroid
Association guidelines for the management
of medullary thyroid carcinoma. Thyroid.
2015;25(6):567-610.

Kouvaraki MA, Shapiro SE, Perrier ND, Cote GJ,
Gagel RE, Hoff AO, et al. RET proto-oncogene: a
review and update of genotype-phenotype cor-
relations in hereditary medullary thyroid can-
cer and associated endocrine tumors. Thyroid.

2. Stamatakos M, Paraskeva P, Stefanaki C, Katsaro- 2005;15(6):531-44.
nis P, Lazaris A, Safioleas K, et al. Medullary thy- Agrawal N, Jiao Y, Sausen M, Leary R, Bettegowda
roid carcinoma: the third most common thyroid C, Roberts NJ, et al. Exomic sequencing of medul-
cancer reviewed. Oncol Lett. 2011;2(1):49-53. lary thyroid cancer reveals dominant and mutually
3.ee Filetti S, Durante C, Hartl DM, Leboulleux S, exclusive oncogenic mutations in RET and RAS. ]

Locati LD, Newbold K, et al. ESMO Clinical
Practice Guideline update on the use of systemic
therapy in advanced thyroid cancer.

Ann Oncol. 2022;33(7):674-84. European Guidelines on
MTC treatment

Clin Endocrinol Metab. 2013;98(2):E364-9.
Arighi E, Borrello MG, Sariola H. RET
tyrosine kinase signaling in development
and cancer. Cytokine Growth Factor Rev.
2005;16(4-5):441-67.


http://creativecommons.org/licenses/by/4.0/

1830 Current Treatment Options in Oncology (2023) 24:1815-1832

7.  Vodopivec DM, Hu MI. RET kinase
inhibitors for. Ther Adv Med Oncol.
2022;14:17588359221101692.

This paper gives an interesting overview on new RET-
inhibitors which could be used in MTC treatment.

8. Accardo G, Conzo G, Esposito D, Gambardella
C, Mazzella M, Castaldo E et al. Genetics of
medullary thyroid cancer: an overview. Int J Surg.
2017;41(Suppl 1):S2-6.

9. Romei C, Ciampi R, Elisei R. A comprehensive
overview of the role of the RET proto-oncogene
in thyroid carcinoma. Nat Rev Endocrinol.
2016;12(4):192-202.

10.ee Haddad RI, Bischoff L, Ball D, Bernet V, Blo-
main E, Busaidy NL, et al. Thyroid carcinoma,
version 2.2022, NCCN clinical practice guide-
lines in oncology. ] Natl Compr Canc Netw.
2022;20(8):925-51.

American Guidelines on MTC treatment

11. Machens A, Hauptmann S, Dralle H. Increased risk
of lymph node metastasis in multifocal hereditary
and sporadic medullary thyroid cancer. World J
Surg. 2007;31(10):1960-5.

12.  Dvorakova §, Vaclavikova E, Sykorova V, Vcelak
J, Novak Z, Duskova J, et al. Somatic mutations
in the RET proto-oncogene in sporadic medul-
lary thyroid carcinomas. Mol Cell Endocrinol.
2008;284(1-2):21-7.

13.  Kim M, Kim BH. Current guidelines for manage-
ment of medullary thyroid carcinoma. Endocrinol
Metab (Seoul). 2021;36(3):514-24.

14.  Cabanillas ME, Hu MI, Jimenez C. Medullary thyroid
cancer in the era of tyrosine kinase inhibitors: to treat or
not to treat-and with which drug-those are the ques-
tions. J Clin Endocrinol Metab. 2014;99(12):4390-6.

15.  Jin M, Megwalu UC, Noel JE. External beam radio-
therapy for medullary thyroid cancer following
total or near-total thyroidectomy. Otolaryngol
Head Neck Surg. 2021;164(1):97-103.

16. Kim 1Y, Kondziolka D, Niranjan A, Flickinger
JC, Lunsford LD. Gamma knife radiosurgery for
metastatic brain tumors from thyroid cancer. J
Neurooncol. 2009;93(3):355-9.

17. McWilliams RR, Giannini C, Hay ID, Atkinson
JL, Stafford SL, Buckner JC. Management of brain
metastases from thyroid carcinoma: a study of
16 pathologically confirmed cases over 25 years.
Cancer. 2003;98(2):356-62.

18.  Wexler JA. Approach to the thyroid cancer patient
with bone metastases. ] Clin Endocrinol Metab.
2011;96(8):2296-307.

19.  Kushchayeva YS, Kushchayev SV, Wexler JA,
Carroll NM, Preul MC, Teytelboym OM, et al.
Current treatment modalities for spinal metas-
tases secondary to thyroid carcinoma. Thyroid.
2014;24(10):1443-55.

20.  Vitale G, Fonderico E Martignetti A, Caraglia M,
Ciccarelli A, Nuzzo V, et al. Pamidronate improves
the quality of life and induces clinical remission

of bone metastases in patients with thyroid cancer.
BrJ Cancer. 2001;84(12):1586-90.

21.ee Wirth L], Sherman E, Robinson B, Solomon B,

Kang H, Lorch J, et al. Efficacy of selpercatinib in.
N Engl J Med. 2020;383(9):825-35.

This paper is about the first trial using selpercatinib in MTC.
22.ee Subbiah V, Hu MI, Wirth LJ, Schuler M, Mansfield

AS, Curigliano G, et al. Pralsetinib for patients
with advanced or metastatic RET-altered thyroid
cancer (ARROW): a multi-cohort, open-label,
registrational, phase 1/2 study. Lancet Diabetes
Endocrinol. 2021;9(8):491-501.

This paper is about the first trial using pralsetinib in MTC.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wells SA, Robinson BG, Gagel RF, Dralle H, Fagin
JA, Santoro M, et al. Vandetanib in patients with
locally advanced or metastatic medullary thyroid
cancer: a randomized, double-blind phase III trial.
J Clin Oncol. 2012;30(2):134-41.

Schlumberger M, Elisei R, Miiller S, Schoffski P,
Brose M, Shah M, et al. Overall survival analysis of
EXAM, a phase III trial of cabozantinib in patients
with radiographically progressive medullary thy-
roid carcinoma. Ann Oncol. 2017;28(11):2813-9.
Li D, Chi Y, Chen X, Ge M, Zhang Y, Guo Z,

et al. Anlotinib in locally advanced or metastatic
medullary thyroid carcinoma: a randomized,
double-blind phase IIB trial. Clin Cancer Res.
2021;27(13):3567-75.

Capdevila ], Trigo JM, Aller J, Manzano JL,

Adridn SG, Llopis CZ, et al. Axitinib treatment in
advanced RAl-resistant differentiated thyroid can-
cer (DTC) and refractory medullary thyroid cancer
(MTC). Eur J Endocrinol. 2017;177(4):309-17.
Locati LD, Licitra L, Agate L, Ou SH, Boucher A,
Jarzab B, et al. Treatment of advanced thyroid
cancer with axitinib: phase 2 study with pharma-
cokinetic/pharmacodynamic and quality-of-life
assessments. Cancer. 2014;120(17):2694-703.
Schlumberger M, Jarzab B, Cabanillas ME, Rob-
inson B, Pacini F, Ball DW, et al. A phase II trial

of the multitargeted tyrosine kinase inhibitor
lenvatinib (E7080) in advanced medullary thyroid
cancer. Clin Cancer Res. 2016;22(1):44-53.
Takahashi S, Kiyota N, Yamazaki T, Chayahara

N, Nakano K, Inagaki L, et al. A Phase II study of
the safety and efficacy of lenvatinib in patients
with advanced thyroid cancer. Future Oncol.
2019;15(7):717-26.

Lam ET, Ringel MD, Kloos RT, Prior TW, Knopp
MV, Liang ], et al. Phase II clinical trial of
sorafenib in metastatic medullary thyroid cancer. |
Clin Oncol. 2010;28(14):2323-30.

Carr LL, Mankoff DA, Goulart BH, Eaton KD,
Capell PT, Kell EM, et al. Phase II study of daily
sunitinib in FDG-PET-positive, iodine-refractory
differentiated thyroid cancer and metastatic
medullary carcinoma of the thyroid with func-
tional imaging correlation. Clin Cancer Res.
2010;16(21):5260-8.



Current Treatment Options in Oncology (2023) 24:1815-1832

1831

32.

33.

34.

35.

306.00

Ravaud A, de la Fouchardiere C, Caron P, Dous-
sau A, Do Cao C, Asselineau J, et al. A multicenter
phase II study of sunitinib in patients with locally
advanced or metastatic differentiated, anaplastic or
medullary thyroid carcinomas: mature data from
the THYSU study. Eur J Cancer. 2017;76:110-7.
Bible KC, Suman VJ, Molina JR, Smallridge RC,
Maples WJ, Menefee ME, et al. A multicenter
phase 2 trial of pazopanib in metastatic and pro-
gressive medullary thyroid carcinoma: MCO57H. ]
Clin Endocrinol Metab. 2014;99(5):1687-93.

Del Rivero J, Edgerly M, Ward J, Madan RA, Bal-
asubramaniam S, Fojo T, et al. Phase I/II trial of
vandetanib and bortezomib in adults with locally
advanced or metastatic medullary thyroid cancer.
Oncologist. 2019;24(1):16-e4.

Iten E Miller B, Schindler C, Rochlitz C, Oertli D,
Maicke HR, et al. Response to [90Yttrium-DOTA]-
TOC treatment is associated with long-term
survival benefit in metastasized medullary thyroid
cancer: a phase II clinical trial. Clin Cancer Res.
2007;13(22 Pt 1):6696-702.

Wirth LJ, Brose MS, Elisei R, Capdevila J, Hoff AO, Hu
ML, et al. LIBRETTO-531: a phase III study of selper-
catinib in multikinase inhibitor-naive. Future Oncol.
2022;18(28):3143-50.

In this trial, selpercatinib will be compared to cabozantinib
and vandetanib.

37.

38.

39.

40.

41.

42.

Wells SA, Gosnell JE, Gagel RE Moley J, Pfister

D, Sosa JA, et al. Vandetanib for the treatment

of patients with locally advanced or metastatic
hereditary medullary thyroid cancer. J Clin Oncol.
2010;28(5):767-72.

Kreissl MC, Bastholt L, Elisei R, Haddad R, Hauch
O, Jarzab B, et al. Efficacy and safety of vandetanib
in progressive and symptomatic medullary thyroid
cancer: post hoc analysis from the ZETA Trial. ]
Clin Oncol. 2020;38(24):2773-81.

Sherman SI, Clary DO, Elisei R, Schlumberger
MJ, Cohen EE, Schoffski P, et al. Correlative
analyses of RET and RAS mutations in a phase

3 trial of cabozantinib in patients with progres-
sive, metastatic medullary thyroid cancer. Cancer.
2016;122(24):3856-64.

Grande E, Kreissl MC, Filetti S, Newbold K,
Reinisch W, Robert C, et al. Vandetanib in
advanced medullary thyroid cancer: review of
adverse event management strategies. Adv Ther.
2013;30(11):945-66.

Hu M, Subbiah V, Wirth L, Schuler M, Mansfield
A, Brose M, et al. Results from the registrational
phase I/II ARROW trial of pralsetinib (BLU-667)
in patients (pts) with advanced RET mutation-
positive medullary thyroid cancer (RET+ MTC).
Ann Oncol. 2020;31.

Hong DS, Sebti SM, Newman RA, Blaskovich

MA, Ye L, Gagel RE et al. Phase I trial of a com-
bination of the multikinase inhibitor sorafenib
and the farnesyltransferase inhibitor tipifarnib

43.

44.

45.

46.e

in advanced malignancies. Clin Cancer Res.
2009;15(22):7061-8.

Orlandi F, Caraci P, Berruti A, Puligheddu B, Piv-
ano G, Dogliotti L, et al. Chemotherapy with dac-
arbazine and 5-fluorouracil in advanced medul-
lary thyroid cancer. Ann Oncol. 1994;5(8):763-5.
Marabelle A, Fakih M, Lopez J, Shah M, Shapira-
Frommer R, Nakagawa K, et al. Association of tumor
mutational burden with outcomes in patients with
advanced solid tumours treated with pembroli-
zumab: prospective biomarker analysis of the mul-
ticohort, open-label, phase 2 KEYNOTE-158 study.
Lancet Oncol. 2020;21(10):1353-65.

Chatal JE Campion L, Kraeber-Bodéré F, Bar-

det S, Vuillez JP, Charbonnel B, et al. Survival
improvement in patients with medullary thyroid
carcinoma who undergo pretargeted anti-carci-
noembryonic-antigen radioimmunotherapy: a col-
laborative study with the French Endocrine Tumor
Group. J Clin Oncol. 2006;24(11):1705-11.

Shi X, Li CW, Tan LC, Wen SS, Liao T, Zhang Y,

et al. Immune co-inhibitory receptors PD-1, CTLA-
4, TIM-3, LAG-3, and TIGIT in medullary thyroid
cancers: a large cohort study. J Clin Endocrinol
Metab. 2021;106(1):120-32.

This is an interesting analysis on the expression of
immune receptors in MTC.

47.

48.

49.

50.

51.

52.

BiY, Ren X, Bai X, Meng Y, Luo Y, Cao J, Zhang

Y, Liang Z. PD-1/PD-L1 expressions in medullary
thyroid carcinoma: clinicopathologic and prog-
nostic analysis of Chinese population. Eur J Surg
Oncol. 2019;45(3):353-8. https://doi.org/10.
1016/j.ejs0.2018.10.060.

Pozdeyev N, Erickson TA, Zhang L, Ellison K,
Rivard CJ, Sams S, et al. Comprehensive immune
profiling of medullary thyroid cancer. Thyroid.
2020;30(9):1263-79.

Bongiovanni M, Rebecchini C, Saglietti C, Bulliard
JL, Marino L, de Leval L, et al. Very low expression
of PD-L1 in medullary thyroid carcinoma. Endocr
Relat Cancer. 2017;24(6):L35-8.

Lorch JH, Barletta JA, Nehs M, Uppaluri R, Alex-
ander EK, Haddad RI, et al. A phase II study of
nivolumab (N) plus ipilimumab (I) in radioidine
refractory differentiated thyroid cancer (RAIR
DTC) with exploratory cohorts in anaplastic
(ATC) and medullary thyroid cancer (MTC). ]
Clin Oncol. 2020;38(15_suppl):6513-3. https://
doi.org/10.1200/JC0O.2020.38.15_suppl.6513.
Schott M, Seissler J, Lettmann M, Fouxon V,
Scherbaum WA, Feldkamp J. Immunotherapy

for medullary thyroid carcinoma by dendritic

cell vaccination. J Clin Endocrinol Metab.
2001;86(10):4965-9.

Stift A, Sachet M, Yagubian R, Bittermann C, Dub-
sky P, Brostjan C, et al. Dendritic cell vaccination
in medullary thyroid carcinoma. Clin Cancer Res.
2004;10(9):2944-53.


https://doi.org/10.1016/j.ejso.2018.10.060
https://doi.org/10.1016/j.ejso.2018.10.060
https://doi.org/10.1200/JCO.2020.38.15_suppl.6513
https://doi.org/10.1200/JCO.2020.38.15_suppl.6513

1832 Current Treatment Options in Oncology (2023) 24:1815-1832
53.  Kraeber-Bodéré F, Rousseau C, Bodet-Milin C, Fer-  This article analyzes new possible targets for future MTC
rer L, Faivre-Chauvet A, Campion L, et al. Target- treatment.
ing, toxicity, and efficacy of 2-step, pretargeted 56. Da Costa EM, McInnes G, Beaudry A, Raynal
radioimmunotherapy using a chimeric bispecific NJ. DNA methylation-targeted drugs. Cancer J.
antibody and 1311I-labeled bivalent hapten in a 2017;23(5):270-6.
phase I optimization clinical trial. ] Nucl Med.
2006;47(2):247-55. .
54 ShiX, Su(n )Y Shen C, Zhang Y, Shi R, Zhang E Publisher’s Note
et al. Integrated proteogenomic characterization I
of medullary thyroid carcinoma. Cell Discov. Springer Nature remains neutral with regard to jurisdictional
2022;8(1):120. claims in published maps and institutional affiliations.

This is an interesting review of proteogenomic in MTC.

55,00

Kumar A, Emdad L, Fisher PB, Das SK. Target-
ing epigenetic regulation for cancer therapy
using small molecule inhibitors. Adv Cancer Res.
2023;158:73-161.



	The Evolving Treatment Landscape of Medullary Thyroid Cancer
	Opinion statement
	Introduction
	Epidemiology
	Genetics
	Clinical presentation and behavior
	Therapy for localized disease
	Therapy for advanced disease

	Systemic therapies
	Molecular target agents used as first-line therapy
	Subsequent lines

	Emerging therapies
	Conclusion
	References


