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Abstract

Medullary thyroid carcinoma (MTC) is a rare endocrine tumor, which arises from thyroid parafollicular C cells.
Through its ability to metastasize by blood and lymphatic vessels, it can show a more aggressive clinical behavior
than differentiated thyroid cancers. Mutation of RET gene is the main molecular alteration involved in MTC origin.
In the case of germline RET mutation, MTC can be inherited in an autosomal dominant way and show three
different phenotypes: familial medullary thyroid carcinoma and multiple endocrine neoplasia types IIA and IIB. In
addition, in sporadic cases, somatic RET mutation remains the key molecular alteration in most of cases. Total
thyroidectomy with prophylactic or therapeutic central compartment lymph nodes dissection is the surgical
treatment of choice. Further surgical treatments and local therapies should be used in the case of single or few local
or distant metastasis. However, in cases with large metastatic spread of the disease, particularly in those with
significant tumor progression, additional systemic treatments are needed. In this review, we discuss the key points
of systemic treatment in advanced, metastatic MTC. We provide an update on the main aspects (from biological
rationale to clinical experience) of each treatment, focusing our attention on the drugs used in clinical practice in
the last years. Finally, we give insights about the emerging treatments from highly selective RET inhibitors to new
radionuclide therapy.

Keywords: Medullary thyroid carcinoma, tyrosine kinase inhibitors, targeted therapy, immunotherapy, radionuclide
therapy, RET selective inhibitors

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0
By International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing,
adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as

long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and
indicate if changes were made.

‘ocxz ’ OAE Publishing Inc. www.jcmtjournal.com


https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.20517/2394-4722.2021.47
https://dx.doi.org/10.20517/2394-4722.2021.47
https://jcmtjournal.com/

Page 2 of 19 Matrone et al. J Cancer Metastasis Treat 2021;7:23 | https://dx.doi.org/10.20517/2394-4722.2021.47

INTRODUCTION

Medullary thyroid carcinoma (MTC) is a rare neuroendocrine tumor originating from parafollicular C cells,
which represent only the 0.1% of all thyroid cells™?. The peculiarity of parafollicular cells is to produce and
secrete calcitonin (CT), as well as, to a lesser extent, other peptides such as chromogranin, serotonin,
somatostatin, or calcitonin gene-related peptide”. These cells are usually located in the upper and middle
thirds of the thyroid, but the hyperplastic ones are prevalently located in the middle and lower thirds of the
lateral lobes and only exceptionally in the isthmus'”. Because of its origin, MTC can be considered a
separate entity from differentiated thyroid carcinoma (DTC), which originates in the epithelial follicular
thyroid cells.

The prevalence of MTC is variable according to the different series, however it is generally reported as 5%-
10% of all thyroid malignancies, 0.4%-1.4% of all thyroid nodules, and less than 1% in thyroids of subjects
submitted to autopsy. For this reason, to date, MTC is officially considered a rare disease by the national
Health Institute (NIH)". Unlike DTC, MTC shows no difference in sex distribution, and the median age at
diagnosis is 45-55 years'”.

MTC can occur in a sporadic (about 75% of cases) or hereditary (25% of cases) form. In hereditary cases,
MTC can be the only clinically expressed disease [familial medullary thyroid carcinoma (FMTC)] or
associated with other endocrine neoplasia, in the context of the multiple endocrine neoplasia syndromes
(MEN types ITA and IIB), such as pheocromocytoma (PHEO) and/or hyperparathyroidism due to
parathyroid hyperplasia or multiple adenomatosis (PTHAd)"". Children can only be affected by inherited
MTC, and the more aggressive is the syndrome (i.e., MEN IIB), the younger is the affected child"**.

The pathogenesis of MTC is highly associated to the activation of the RET protooncogene, both in
hereditary"*"*) and in sporadic cases"”". In hereditary cases, the RET protooncogene alteration is
transmitted in a dominant mendelian autosomal way and is found at germline level, while, in sporadic
cases, this alteration is somatic and found only in the tumoral cells.

Through its dissemination by both lymphatic and hematic vessels, the clinical behavior of MTC is less
favorable when compared with most DTC, however it is not as unfavorable as the anaplastic one
(ATC)". Five-year survival rates vary from 62% to 87% according to the different series, and the 10-year
survival could decrease to 50%**. Survival is dependent on several factors, such as age at diagnosis"™.
However, the staging at diagnosis remains the most relevant clinical prognostic factor of survival of these
patients. When an early diagnosis is performed, and the tumor is still intrathyroidal, 90% of patients can
survive up to 35 years”>'.

Usually, the most common clinical presentation of a sporadic MTC is a thyroid nodule, single or in a
clinical picture of a multinodular goiter. At the diagnosis, lymph node metastases are frequent and distant
metastases are already present in about 10% of patients””. In advanced metastatic cases associated with high
levels of serum CT, symptoms such as diarrhea and/or flushing syndrome could be present.

Conversely, the hereditary forms can be easily suspected according to a familial history of MTC or if the
same patient has already been diagnosed with PHEO and/or PTHAJ. The presence of mucosal neurinomas
of the tongue or conjunctivas, in particular if associated to marfanoid habitus and/or skeletal alterations,
should immediately suggest the diagnosis of MEN IIB"". Similarly, the detection of an interscapular
cutaneous itchy lesion, defined as cutaneous lichen amyloidosis, is highly suspicious of MEN ITA"
this lesion is almost exclusively found in this syndrome. While thyroid function, assessed by the
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measurement of free triiodothyronine (fT'3), free thyroxine (fT4), and thyroid stimulating hormone (TSH),
is commonly normal, serum CT is elevated, and sometimes this finding can represent the first suspicion of
the presence of MTC, thus requiring further diagnostic procedures”. In advanced cases, carcinoembryonic
antigen (CEA) can also be elevated. CT and CEA also represent the biochemical markers to follow-up MTC
patients after surgery and during local or systemic treatments.

Initial treatment of MTC depends on its clinical presentation. Total thyroidectomy with central
compartment lymph nodes dissection is considered the correct treatment for MTC in the absence of
preoperative evidence of latero-cervical lymph nodes metastases. When during pre- or intra-operative
evaluation latero-cervical lymph nodes metastases are detected, an oriented compartment lymph node
dissection is advocated™. Surgical removal of the primary tumor and lymph nodes metastases of the neck is
suggested also in cases in which distant metastases are already present".. In these latter cases, and in the
case of larger tumors associated to invasion of the vital structure of the neck, in which surgical removal of
the primary tumor and lymph nodes metastases is not feasible, additional therapies should be
performed®**”.

The aim of this review is to elucidate the key points about the systemic treatment of advanced, metastatic
MTC. We provide an update of the main aspects of systemic treatment of MTC, focusing the attention on
the drugs which have been developed in the last years, from the tyrosine kinase inhibitors (TKIs) to
radionuclide therapies.

TYROSINE KINASE INHIBITORS

Rationale of treatment

In the last years, several molecular aberrations located in the cell signaling pathways of malignant cells were
discovered. In particular, several tyrosine kinases (TKs), mainly TK receptors (TKRs) involved in cell
growth, differentiation, and angiogenesis, were found to be mutated or overexpressed in tumor cells”**.
The importance of these receptors is linked to the ability of several drugs, named TKIs, to inhibit their
activity!. To date, TKIs are firmly used in the clinical practice for the treatment of several advanced
tumors, from leukemia”'! to solid tumors*>*, including thyroid cancer®****. TKIs can act through different
mechanisms: (1) through competition with the adenosine triphosphate (ATP) at the binding site of a TKR,
competition with the substrate, or both; and (2) in an allosteric modality by binding to a site located outside
the active site, thus affecting its activity by determining a conformational change of the kinase! .
Moreover, TKIs can act on tyrosine, serine, threonine, or even histidine residues, therefore are able to
simultaneously inhibit the action of one or more kinases, although with different binding affinities"***.

Several genetic alterations, leading to dysregulation of multiple signaling pathways, have been reported in all
thyroid cancers™. TKIs are designed to mainly interact with altered TKRs, and thus with the two main
signaling pathways involved in cell growth and proliferation: the mitogen-activated protein (MAP)
kinase/extracellular signal-regulated (ERK) pathway and the phosphatidylinositol-3 kinases
(PI3K)/AKT/mTOR pathway [Figure 1].

TKRs are upstream of the MAPK and PI3K pathways, and mutations or gene fusions at this level can affect
the signaling transduction to the downstream, leading to oncogenic transformation and progression.
Similarly, mutations occurring in the MAPK and PI3K pathways can promote tumorigenesis.

In MTCs, the most common TKR alterations are the gain of function point mutations in the RET oncogene,
which are responsible for most of the hereditary and 40%-70% of the sporadic cases of MTC"'. The RET
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Figure 1. Schematic representation of the over activation of TKRs involved in enhancing the growth and survival in the tumor cell,
promoting angiogenesis in the endothelial cell, and the inhibition of killing effect of the T cell on tumor cell. VEGFR 1/2: Vascular
endothelial growth factor receptor 1/2; PDGFR: platelet-derived growth factor receptor; EGFR: epidermal growth factor receptor; RET:
rearranged during transfection; MET: hepatocyte growth factor receptor; KIT: mast/stem cell growth factor receptor; RAS: rat sarcoma;
RAF: v-raf murine sarcoma viral oncogene homolog; MEK: mitogen activated protein kinase; ERK: extracellular signal-regulated kinases;
PI3K: phosphoinositide 3-kinase; pTEN: phosphatase and tensin homolog; AKT: protein kinase B; mTOR: mammalian target of
rapamycin; MHC: major histocompatibility complex; TCR: T cell receptor; PD1: programmed cell death protein 1; PD-L1: programmed
death ligand 1; CTLA-4: cytotoxic T-lymphocyte antigen 4; APC: antigen presenting cell.

mutations in MTC are usually detected in the cysteine-rich or tyrosine kinase domains, located within seven
exons (8, 10, 11, 13, 14, 15, and 16)">**. These mutations are responsible for MEN type IIA and IIB and
FMTC. In MEN IIA, the most frequently detected RET point mutation is located at codon 634"
conversely, in MEN IIB and most sporadic cases, it is at codon 918 (M918T)""**. Different RET mutations
are associated with different age of onset and aggressiveness of MTC, and the presence/absence of other

endocrine malignancies™**.

In sporadic cases, the presence of the somatic RET mutation, particularly of M918T is a prognostic factor of
a bad outcome’. As a matter of fact, almost 85% of advanced MTC requiring a systemic therapy for the
aggressiveness of the disease are carrying a somatic RET mutation'.
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The only other oncogene found to be altered at somatic level in MTC is RAS gene. Mutations in K- and
HRAS genes have been identified in 20% of sporadic MTC and have been demonstrated to be mutually
exclusive events with RET mutations. Moreover, RAS mutated MTC cases are apparently less aggressive that
RET mutated ones. Thus far, about 20% of sporadic MTC are still orphan of a driver oncogene
alteration**..

TKis in clinical practice
Several TKIs have been tested for the treatment of advanced progressive MTC, including imatinib"®”,

65]

axitinib®", motesanib"*, sorafenib!”, sunitinib'®"!, pazopanib'®?, ponatinib'”, lenvatinib'**, and anlotinib'*”.

However, only two of them, vandetanib and cabozantinib, have been approved by the Food and Drug
Administration (FDA) and the European Medicine Agency (EMA), after the phase III studies, ZETA and
EXAM trials*>").

Vandetanib
Vandetanib (also known as ZDe6474) is an inhibitor of VEGFR2 and -3, RET, and EGFR kinases*****!
[Figure 2].

In 2012, the results of the international randomized phase III ZETA trial (ClinicalTrials.gov, number
NCTo00410761) demonstrated an efficacy of vandetanib, at dosage of 300 mg/daily, in prolonging
progression free survival (PFS) in 331 patients with advanced progressive MTC, compared to placebo (30.5
months vs. 19.3 months; HR = 0.46; 95%CI: 0.31-0.69). However, no differences in the overall survival (OS)
between the two groups was shown'*. The clinical benefit of vandetanib treatment was also confirmed in a
recent post-hoc analysis, when patients were divided into four disease severity subgroups: patients with both
progression and symptoms at baseline, those with symptoms only, those with progression only, and those
with no progression or symptoms at baseline™. In 2014, Massicotte et al.”", in a retrospective study on a
small subgroup of advanced MTC (n = 11), confirmed that a partial response was obtained in 36% of the
study group.

In addition, outside of clinical trial, vandetanib treatment showed its efficacy. In a multicentric French
study, 60 patients with advanced MTC and diffuse metastatic involvement were treated with this drug and
the data were analyzed. After a median follow-up of 20 months and a median duration of treatment of 9.7
months, median PFS was 16.1 months. Moreover, a clinical benefit defined as best tumor response was
observed in most of the patients (75%)"”. Interestingly, in this study, one patient showed a complete
response, while, conversely, one patient died because of vandetanib-induced cardiac toxicity.

Recently, clinical experiences in real-life settings have been reported”*. Valerio et al.” evaluated 79 MTC
patients, treated with vandetanib and followed at a tertiary care center. Patients were divided according to
the time of treatment into short- (< 1 year) and long-term (> 1 year) responders. Median PFS of the entire
study group was 47 months, longer than in ZETA trial (30.5 months), and, when considering only the long-
term responders, PES was even longer (54.5 months). Similar results were reported in a following study by
Ramos et al”. showing that that PFS of those patients who continued vandetanib treatment for more than 4
years was significantly longer (73.2 months) than that of ZETA trial. Interestingly, in both studies, a better
and durable clinical response was experienced in younger patients and in those in whom vandetanib
treatment was started without evidence of tumor progression but just for severe symptoms.
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Figure 2. Molecular target of TKls and immunotherapy used in MTC on tumor cell, endothelial cell, and T cell and the consequent
effects of treatments. VEGFR 1/2: Vascular endothelial growth factor receptor 1/2; PDGFR: platelet-derived growth factor receptor;
EGFR: epidermal growth factor receptor; RET: rearranged during transfection; MET: hepatocyte growth factor receptor; KIT: mast/stem
cell growth factor receptor; RAS: rat sarcoma; RAF: v-raf murine sarcoma viral oncogene homolog; MEK: mitogen activated protein
kinase; ERK: extracellular signal-regulated kinases; PI3K: phosphoinositide 3-kinase; pTEN: phosphatase and tensin homolog; AKT:
protein kinase B; mTOR: mammalian target of rapamycin; MHC: major histocompatibility complex; TCR: T cell receptor; PD1:
programmed cell death protein 1; PD-L1: programmed death ligand 1, CTLA-4: cytotoxic T-lymphocyte antigen 4; APC: antigen
presenting cell.

In several patients during the clinical trials as well as in the real-life studies, vandetanib treatment was
withdrawn during the follow-up either for progression of the disease or for the onset of adverse events
(AEs). Indeed, several AEs are commonly experienced during vandetanib treatment'*”. According to the
Common Terminology Criteria for Adverse Events (CTCAE)", AEs are classified into grades of severity.
The most common mild and severe adverse events experienced in clinical trials and real-life studies are
reported in Table 1.

Since the good clinical response was demonstrated and AEs were common findings, a clinical trial
(Nbib1496313) evaluating the risk-benefit of two different starting doses (150 mg/daily vs. 300 mg/daily) of
vandetanib was performed"””. Patients were randomized 1:1 to receive vandetanib 150 or 300 mg/daily for a
maximum time of 14 months (Part A). At the end of Part A, the possibility to enter in the open-label phase
(Part B), investigating vandetanib at 100, 150, 200, and 300 mg/daily doses, was given to all patients. Eighty-
one patients were randomized in Part A and 61 patients accepted to continue in Part B, 37 (60.7%) of whom
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Table 1. Safety and efficacy data of clinical trials evaluating vandetanib, cabozantinib, selpercatinib, and pralsetinib treatments in

MTC patients

Vandetanib™®

Cabozantinib"”

Selpercatinib™®

Pralsetinib””

Trial design
Clinical phase

Number of Treatment

patients Placebo

Initial drug dose

TKIs naive patients

ECOG 0
status 1

2

Primary outcome

Secondary outcome

PFS

ORR

DCR

Most common AE

Most common AE 2
CTCAEGr. 3

Double-blind, randomized,
placebo-controlled

231
100
300 mg

90/231(39%)
154 (66.7%)
67 (29.0%)
10 (4.3%)

PFS

ORR, DCR, OS,
biochemical response,
time to worsening pain

30.5 months (treatment)
19.3 months (placebo)

45%

87%

Diarrhea, nausea, rash and
hypertension

Diarrhea, hypertension,
QT prolongation

Double-blind, randomized,
placebo-controlled

219
m
140 mg

44/219 (20.1%)
123 (56.2%)
95 (43.4%)

PFS

OS and ORR

11.2 months (treatment)
4.0 months (placebo)

28%

76%

Diarrhea, palmar-plantar
erythrodysesthesia, decreased
weight or appetite

Diarrhea, palmar-plantar
erythrodysesthesia, fatigue,
hypertension

Open label

| (dose escalation)
Il (dose expansion)

143

Phase I: from 20 mg
once/day to 240 mg
twice/day

Phase I1: 160 mg
twice/day

55/143 (38.5%)

54 (37.7%)

83 (58.0%)

6 (4.2%)

ORR

DOR, PFS, and safety

23.6 months
(TKls naive)
27.4 months
(Non-naive)

70%

(TKls naive)

61%

(Non-naive)

87%

(TKls naive)

84%

(Non-naive)

Dry mouth, hypertension,
diarrhea, fatigue

Open label

| (dose escalation)
Il (dose expansion)

92

Phase I: from 30 mg
once/day to 600 mg
twice/day

Phase Il: 400 mg once/day

53/72* (73.6%)

MTD and RP2D
Safety

ORR, CBR, DOR, DCR, PFS,
OS, pharmacokinetic
features

Not reached

74%
(TKls naive)
60%
(Non-naive)

100%

(TKls naive)

96%

(Non-naive)

Increase of liver enzymes,

anemia, constipation,
hypertension

Hypertension, increase of --*

liver enzymes

*This number is exclusively referred to evaluated patients. **Currently not reported. MTC: Medullary thyroid carcinoma; ECOG: Eastern
Cooperative Oncology Group; PFS: progression free-survival; ORR: objective response rate (complete + partial response); MTD: maximum
tolerated dose; RP2D: recommended phase Il dose; AE: adverse events; EKG: electrocardiogram; DOR: duration of response; DCR: disease control
rate; OS: overall survival; CBR: clinical benefit rate; TKls: tyrosine kinase inhibitors; CTCAE: Common Terminology Criteria for Adverse Events; QT:
QT interval.

received 2 years of treatment. One quarter of the patients experienced an objective response (OR) after 14
months, statistically significant for both doses of 300 mg (HR = 0.29; 95%CI: 0.176-0.445) and 150 mg (HR =
0.20; 95%CI: 0.105-0.348). In addition, in Part B, safety and tolerability were similar to those in Part A.
However, AEs such as diarrhea, hypocalcemia, asthenia, QTc prolongation, hypokalemia, and keratopathy
were more common in patients who were treated with 300 mg.

At variance with other TKIs, vandetanib treatment has also been tested in children, and it has been
demonstrated to be safe and effective in controlling childhood MTC". Moreover, evidence show the
usefulness of vandetanib in reverting ectopic ACTH secretion and the consequent paraneoplastic Cushing’s
syndrome which could develop in patients with very advanced disease***.



Page 8 of 19 Matrone et al. J Cancer Metastasis Treat 2021;7:23 | https://dx.doi.org/10.20517/2394-4722.2021.47

Cabozantinib

Cabozantinib (also known as XL184) is an inhibitor of VEGFR1 and -2, RET, ¢-KIT, MET, and KIF 5B
rearrangements'® [Figure 2]. The efficacy of cabozantinib was demonstrated in a phase I study™. In 2013,
after the results of the double-blinded, phase III trial EXAM study (ClinicalTrials.gov, number
NCT00704730), cabozantinib was approved by FDA and EMA. In this study, a significant improvement in
PFS was demonstrated in patients with progressive MTC, compared to placebo””. Patients (n = 330) with
progressive MTC were enrolled and treated with cabozantinib (140 mg/daily), at 2:1 compared to placebo.
The estimated median PFS was 11.2 months for cabozantinib group vs. 4.0 months for placebo (HR = 0.28;
95%CI: 0.19-0.40; P < 0.001). The analysis of specific subgroups of patients according to age, previous TKIs
treatment, and hereditary or sporadic cases showed an improved PES in treated patients compared to
placebo. In addition, response rate (28% vs. 0%) and estimation of progression-free at 1 year (47.3% vs. 7.2%)
were higher in patients treated with cabozantinib.

AEs were commonly described and included diarrhea, palmar-plantar erythrodysesthesia, decreased weight
and appetite, nausea, and fatigue. To manage these AEs, most patients (79%) experienced a dose reduction
and some of them (16%) a treatment discontinuation. Some severe AEs, e.g., hemorrhages and intestinal
perforation, related to the high activity of cabozantinib against VEGFR, were reported during the EXAM
clinical trial.

In 2016, an exploratory analysis in patients of a phase III study was performed to evaluate the clinical
response to cabozantinib, according to RET or RAS (HRAS, KRAS, and NRAS) mutations"™. Half of the
patients (51.2%) harbored RET mutation, prevalently M918T (38.2%), while the remaining were RET
negative (13.9%) or RET unknown (34.8%). Only 16 patients (4.8%) showed RAS mutation. PES was longer
in cabozantinib group compared to placebo in three out of four subgroups of patients: those who harbored
RET mutations (60 weeks vs. 20 weeks; HR = 0.23; 95%CI: 0.14-0.38; P < 0.0001), those with RET unknown
(HR = 0.30; 95%CI: 0.16-0.57; P = 0.0001), and those with RAS mutations (HR = 0.15; 95%CI: 0.02-1.10; P =
0.0317). Interestingly, in the RET-mutated patients, those harboring the M918T mutation showed the
greatest benefit in PFS from cabozantinib therapy compared to placebo (61 weeks vs. 17 weeks; HR = 0.15;
95%CI: 0.08-0.28; P < 0.0001). In patients without RET or RAS mutation, no benefit in PFS was observed. All
subgroups showed similar safety profile.

Opverall survival was evaluated in another exploratory analysis assessing the data of patients included in a
phase III study, after long-term follow up™. After a minimum follow-up of 42 months, a 5.5-month
increase in median OS was observed in cabozantinib vs. placebo group (26.6 months vs. 21.1 months; HR =
0.85; 95%CI: 0.64-1.12; P = 0.24), although not statistically significant. However, in this analysis,
cabozantinib treated patients also experienced longer OS if harboring RET M918T mutation, compared to
placebo (44.3 months vs. 18.9 months; HR = 0.60; 95%CI: 0.38-0.94; P = 0.03). The safety profile for
cabozantinib patients remained similar to the data of the primary analysis. The authors concluded that,
although the OS was not significantly longer in the cabozantinib group, patients with RET M918T mutation
could greatly benefit from cabozantinib treatment.

Clinical point of view

At present, vandetanib and cabozantinib are both valid options in the treatment of advanced metastatic
MTC. Both should be started when a progression of the structural disease according to the RECIST™ is
documented or according to clinical judgement in peculiar cases. The choice of the drug is dependent on
the drug availability in different countries, because not in all countries are approved and reimbursed.
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However, if both were available, the choice should consider both drug characteristics and patient features.
According to the results of the studies, cabozantinib seems to be more rapid in inducing the shrinkage of
the tumor tissue and could be useful when there is the need to rapidly control the tumor burden (e.g.,
vertebral lesion compressing spinal cord). Conversely, vandetanib showed a better safety profile and an
easier manageability of its specific AE.

When choosing the drug, it should also be considered that cabozantinib has been tested as second line
treatment after other TKIs and showed advantages in prolongation of PFS, while this information is
unavailable for vandetanib. Conversely, vandetanib is contraindicated in patients who have a prolonged
QTec (> 450 ms in men and > 470 ms in females)"™*"), while cabozantinib should not be used in patients with
a history of diverticulitis'”, and renal function should be carefully monitored during treatment because of
the potential onset of renal damage with proteinuria®’. Moreover, both treatments could modify thyroid
function, in patients with thyroid gland in situ and thyroid hormone metabolism; thus, the evaluation of
thyroid function tests is mandatory for all patients undergoing TKI treatment'*”. Furthermore, for both
treatments, particular caution should be taken in evaluating the medical history of hemoptysis and
hemorrhages. If the tumor invades the vital structures of the neck and if patients experienced radiation
treatment of the neck or mediastinum, they carry a higher risk for hemorrhages and fistula formation,
which is a life-threatening AE"*. Moreover, as mentioned above, vandetanib has been approved for the
treatment of children with MTC, mainly MENII patients, while this is not the case for cabozantinib.
Similarly, no data have been reported on the benefit that cabozantinib has in the treatment of ACTH ectopic
syndrome. Thus, it is intuitive that, in either children or patients with ectopic ACTH, vandetanib should be
preferred if no other elements contraindicate its use.

Furthermore, in vitro studies showed the V804 RET mutation confers resistance to vandetanib®, but this
seems to not be a limitation for cabozantinib. Therefore, in patients with V804M, cabozantinib should be
preferred.

Lastly, AEs are common and similar for both drugs, particularly those of mild intensity (CTCAE Grades 1
and 2), but their prevalence is different according to the drug used [Table 1].

Vandetanib and cabozantinib are two cytostatic drugs, therefore they inhibit cellular growth but do not kill
the neoplastic cells. For this reason, the treatment should be continued as long as there is evidence of
clinical benefit.

70,87

To date, no advantages in OS were shown in the exploratory analysis of both phase III studies”™* when
comparing vandetanib or cabozantinib to placebo. Moreover, several clinical data indicate that patients on
TKIs treatment will eventually develop a mechanism of resistance to the drug, associated with progression
of the disease. This mechanism, highlighted in all TKIs treatment, seems to be independent of the TKI
used” and could be related to secondary mutations in the kinase domains that block the TKIs binding in
the target genes'”. For these reasons, in the last years, further studies have been performed to evaluate new

drugs able to implement the therapeutic landscape of systemic treatment of advanced MTC.

RET SELECTIVE INHIBITORS

Rationale of treatment

RET mutations are found in more than 40% of sporadic and virtually 100% of hereditary cases"****.
Moreover, about 85% of advanced metastatic MTC cases carried RET mutations, which are able to induce
higher risk of lymph nodes metastases, disease recurrence/persistence after surgery, and worst survival
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compared to other mutations*>**,

In addition to MTC, RET is a driver gene in other tumors such as papillary thyroid, lung, breast, and colon
cancers. The group of cancers characterized by these driver mutations can be defined as REToma"*".
According to its role in REToma carcinogenesis, RET protein has been considered an ideal target for highly

selective drugs.

Thus, a second generation of highly selective RET inhibitors have been developed both to maintain a
significant anti-tumor efficacy, similar to vandetanib and cabozantinib, and to improve the safety profile. In
2018, two molecules, selpercatinib and pralsetinib"*'*”, were proposed. These drugs showed a stronger
inhibition of RET and a weaker activity against other targets, such as VEGFR, compared to vandetanib and

cabozantinib"®?

[Figure 2]. Moreover, selpercatinib and pralsetinib inhibited the proliferation of cells
harboring many kinds of RET mutations, both gene fusions and point mutations, including the V804M
mutation which, as mentioned above, showed in vitro resistance to vandetanib®”. These results were further

confirmed in animal models and clinical studies!*"'*

,in which a relevant tumor shrinkage was shown.
Interestingly, in mouse models, selpercatinib showed anti-neoplastic activity against brain metastasis,

tOO[]Ol]

According to their highly selective activity against RET protein, regardless of tumor type, both drugs were
involved in basket clinical trials with many cancers of the REToma network™””.,

Selpercatinib

Between May 2017 and June 2019, 162 patients were enrolled in the phase I/II LIBRETTO-001 trial
(ClinicalTrials.gov, number NCT03157128) to evaluate the OR rate in different histological types of thyroid
cancers harboring RET mutations. Patients enrolled in phase I trial received selpercatinib with different
starting doses (from 20 mg once daily to 240 mg twice daily) and progressive decreases to the highest safe
dose were performed. Conversely, all patients in phase II study started with the same dose of 160 mg twice

daily.

Most patients (143/162, 88.3%) had MTC, and 55 (38.5%) of them were already treated with vandetanib
and/or cabozantinb while 88 (61.5%) were treatment naive. The remaining patients (19/162, 11.7%) showed
a RET fusion-positive thyroid cancer (PTC, poorly differentiated thyroid carcinoma, Huerthle cell
carcinoma, and anaplastic carcinoma). OR rate was 69% in patients already treated with vandetanib and/or
cabozantinib and 73% in treatment naive patients. In the remaining patients with RET mutated thyroid
cancers, OR rate was similar (79%). This result was confirmed for all RET mutation profiles, including
V804M. After 1 year, 82% of MTC patients previously treated with vandetanib and/or cabozantinib, 92% of
treatment naive patients, and 64% of other thyroid cancer patients continued to be free of progression.
However, longer follow-up data are needed to evaluate the duration of the clinical response.

Several AEs were experienced by most of the patients; however, the prevalence of AEs for single patient was
lower and most of them were of lesser intensity (CTCAE Grade 1 or 2), compared with vandetanib"*” and
cabozantinib®” [Table 1]. Moreover, the safety profile was the same across all cancers treated in
LIBRETTO-001".

Pralsetinib
ARROW is a phase I dose escalation trial to establish the recommended phase II dose (400 mg once daily)
and phase II expansion cohorts defined by tumor type and/or RET alteration (ClinicalTrials.gov, number
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NCT03037385)"7,

Although the ARROW trial is not completed yet, recently, the ad interim results were presented, and
efficacy and safety were assessed at the data cut-off of 13 February 2020"”. Since March 2017, 79 patients
with RET positive MTC were enrolled, either previously treated with vandetanib and/or cabozantinib or
treatment naive. Overall OR rate was evaluated on 51 patients and was 65%. In patients previously treated
with vandetanib and/or cabozantinib, OR was 60%, while, in naive patients, it was 74% (14/19). PES after 18
months was 71% in patients previously treated with other TKIs and 85% in treatment naive patients. The
authors did not find any influence due to different RET genotype on clinical response. Although the data
about safety are not completed, the AEs were mainly of lower intensity (CTCAE Grade 1 or 2), and only 4%
of patients discontinued the drug because of AEs.

Mechanisms of resistance

Despite the very interesting profile of these new drugs, several emerging reports also observed a potential
resistance to these RET inhibitors. Recently, a patient with KIF5B-RET non-small cells lung carcinoma
(NSCLC) developed progression after an initial partial response on selpercatinib treatment"*". Circulating
tumor DNA and post-mortem biopsy analysis showed the appearance of a wide spectrum of RET mutations
on G810 residue, which could be considered a key spot for drug resistance. The appearance of these
mutations was further confirmed in other progressing NSCLC and MTC cases and in vivo and in vitro
models"*. Structural analysis showed that mutations occurring at 810 residue can sterically alter
selpercatinib binding. Subbiah et al."*, using X-ray crystal analysis, revealed that selpercatinib and
pralsetinib showed a peculiar binding with RET protein, compared to previous TKIs. This binding permits
avoiding the resistance to 804 mutation, but it can be susceptible to mutations occurring at 738, 806, and
810 residues. In addition, RET-dependent resistance mechanisms, other RET-independent mechanisms
have been described such as KRAS and MET amplification, which have recently been showed in progressing
NSCLC patients!**'”,

Clinical point of view

Selpercatinib and pralsetinib are two promising drugs which showed a relevant clinical response in MTC
patients, regardless of both previous TKI treatment experienced and different types of RET mutations.
Moreover, their safety profile seems to be very encouraging, compared to previous TKIs. However, they can
only be used in MTC patients harboring RET mutation, which represent the majority, but not all cases™.
Furthermore, these drugs are susceptible to induce peculiar resistance mechanisms, and further studies are
needed to completely understand the ideal clinical and molecular scenario to use these drugs.

At the same time, a third generation of TKIs, RET mutation selective ones, is under evaluation and could
represent the future of the treatment of advanced MTC!".

IMMUNOTHERAPY

Rationale of treatment

In the last decades, many promising results in the treatment of several human cancers derived from the
development of immunotherapy, and in particular of drugs called immune checkpoints inhibitors (ICIs).
The rationale for the use of immunotherapy is the close linkage among immune system, tumors, and tumor
microenvironment (fibroblasts, pericytes, adipocytes, and other stromal cells)"* """ The immune system
acts as a mediator of “immune surveillance”, recognizing and removing cancer cells, which try to escape the
immune control through several mechanisms"*?.
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Several molecules are able to regulate the immune response, mainly through its inhibition. Immunotherapy
aims to enhance the immune response against cancer cells, and, particularly, ICIs block the inhibitory
activity of immune checkpoints. ICIs are monoclonal antibodies which target several immune checkpoints
such as the cytotoxic T-lymphocyte antigen (CTLA-4), the programmed cell death 1 receptor (PD-1), and
its ligand (PD-L1) [Figures 1 and 2]. To our knowledge, there have been no studies or clinical trial designed
against thyroid cancer for ICIs targeting CTLA-4. For this reason, we focus our attention on the PD-1/PD-
L1 pathway.

PD-1/PD-L1 pathway

Most studies evaluating the expression of the PD-1/PD-L1 pathway in thyroid cancer have been focused on
follicular cell-derived tumors, including DTC, PDTC, and ATC. The PD1/PD-L1 pathway is highly
expressed in DTC compared to benign tissues"". It is more diffuse in ATC patients"'*, and its level is
higher in BRAFV600E PTC compared to BRAF wild-type tumors"'”. The prognostic role of PD-L1 is still
controversial since it is associated with higher risk of recurrence and a shorter disease-free survival!*.

Conversely, in a large cohort of follicular-derived thyroid cancer patients, it is not associated with disease
progression'”. According to these findings, clinical trials were performed to evaluate the efficacy of
immunotherapy. The antitumor activity of pembrolizumab (anti-PD-1 antibody) in patients with advanced
PTC and FTC was limited (9.1% of patients showed a partial response)""'®. Other trials are ongoing, but the
results are still not available (ClinicalTrials.gov, numbers NCT03012620 and NCT02973997).

Concerning MTGC, the potential role of immunotherapy could be associated to the immune reactivity of

S[119,120]

tumor cell lysates, which usually allowed the exposure of a wide variety of antigen , and the subsequent

use of dendritic cell-based vaccinations using CT or CEA antigen"*" "\

The knowledge about the expression of immune checkpoint in MTC is increasing in the last years. The
expression of PD-1/PD-L1 in MTC seems to be lower than in DTC. Bongiovanni et al."** showed low
expression of PD-L1 in 16 MTC: only in one case was the PD-L1 percentage of expression higher than 1% in
malignant cells, considered as positive cut-off, and two cases showed positivity for PD-L1 in immune cells.

Conversely, Bi et al."” showed higher level of expression of PD-1/PD-L1 in MTC patients: PD-1 was
present on 25.3% (22/87) of the tumor-infiltrating immune cells, and 21.8% (19/87) had positive PD-L1
staining on tumor and immune cells. Moreover, in this study, the expression of PD-L1 in tumor cells and
immune cells correlated with distant metastases at the time of surgery. Pozdeyevet al."*” showed PD-L1
expression in 46 MTC patients: it was detected in 32% and 26% of primary tumors and metastases,
respectively. Shi et al."”” reported a lower positivity of the PD-L1 expression (14%) in 201 MTC patients at
immunohistochemical staining. PD-L1 positivity was associated with larger tumor size, lymph node
metastases, higher TNM staging, structural recurrence, biochemical recurrence/persistent disease and a
lower 5-year structural recurrence-free survival rate (57.9% vs. 85.4%). In a subsequent study"**, the same
authors explored the expression of multiple immune checkpoints in MTC. They found that TIM-3 (T-cell
immunoglobulin and mucin-domain containing-3) was the most expressed (48%), and, in most of the cases,
it was expressed exclusively on tumor cells and correlated with older age at diagnosis and advanced staging.
PD-1 positivity was observed in 13.5% of cases, and about half (44.4%) of them had concurrent PD-L1
expression; CTLA-4 was present in 12.5%, while LAG-3 (lymphocyte activation gene-3) and TIGIT (T cell
immunoglobulin and ITIM domain) were positive in 3% of patients. Moreover, the expression of these
molecules correlated with clinical outcome: the rate of structural recurrence was significantly higher in
positive patients for TIM-3, CTLA-4, and PD-1/PD-L1, and 80% of 20 patients who developed advanced
disease during the follow-up period had single or multiple immune checkpoint expressions.
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Recent evidence shows that MTC harbored a greater mutational load, with a potentially relevant

[125,127,128

immunogenicity . In addition, the presence of RET-mutated cells could induce changes in the tumor
microenvironment, influencing the surrounding stroma, activating cancer-associated fibroblasts, promoting
cancer-associated inflammation, and suppressing anti-cancer immune response'*”. These findings, showing
the expression of single or multiple immune checkpoints in MTC tumor and immune cells, could be

hypothesized as a potential target for ICL.

Thus far, a phase II clinical trial (ClinicalTrials.gov, number NCT03072160) to evaluate the efficacy of
pembrolizumab in advanced MTC has been planned. Two arms were designed, one with a previous
immune stimulatory vaccine and the other without. The enrollment was completed, but to date no results
are available.

Clinical point of view

To date, no clinical results on the effects of pembrolizumab on MTC patients are available. However,
immunotherapy is at the beginning of its clinical application in several tumors and the promising results
should be a stimulus to continue the research also for thyroid cancers. However, at the moment, no clinical
application, either in clinical trials or as a compassionate or off-label use, is possible.

PEPTIDE RECEPTOR RADIONUCLIDE THERAPY

Rationale of treatment

MTC cells, similar to other neuroendocrine tumors, can express somatostatin receptors (SSTRs)"**"*?. For
this reason, diagnostic tools based on radionuclides with high affinity for SSTRs, such as octreoscan"*” and
68Ga-DOTATATE or DOTATOC PET/CT"*, could be performed. The presence of SSTRs is the rationale
for peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin analogs (SSAs). Several
radiolabeled SSAs have been explored as potential therapeutic agents. Most of the studies about PRRT in
MTC investigated the use of SSAs labeled with the radionuclide(s) 90 yttrium (90Y) and/or 177 lutetium
(177Lu)"***! In addition, the use of 111 indium (111In) has been evaluated* .

Several of these studies showed a decrease 2 50% in post treatment CT values, compared to baseline, in 24%-
30% of patients treated with 90Y"™” and 177Lu"**. Another study showed a prolongation of CT doubling
time (= 100%) in 18/31 (58%) patients"””, indicating a relevant reduction of the tumor growth rate.
However, most of these studies, although with a limited number of patients, showed that a stabilization of
the disease (43%-100%) was the main clinical response obtained after PRRT treatments with Y90 or
177Luler 1) Thege results were confirmed in studies with greater numbers of patients in which stable
disease accounted for 57%-58% of cases
MTC patients, and Parghane ef al."*” reported a median OS of 26 months in 43 patients treated with 177Lu-
DOTATATE PRRT.

[135,137

I. Few and scattered data are available on the outcome of these

Since, in MTC cells, cholecystokinin 2 receptor (CCK2R) could be expressed, this receptor may represent a
potential target for PRRT"*, but this possibility has to be better explored. The possibility to use PRRT in
MTC seems to be another possible therapeutic way, however current experiences are very limited. More
reliable data could derive from several ongoing clinical trials (ClinicalTrials.gov, numbers NCT00002947,
NCTo03647657, NCT02088645, and NCT04106843).

Clinical point of view
The knowledge about the efficacy and safety of the PRRT on MTC is still under construction. However,
reported data are in favor of using PRRT in specific cases such as those patients with metastatic advanced
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MTC who experienced no benefit with other therapies and express SSTr as assessed with a diagnostic tool
exploring the presence of these receptors.

CONCLUSION

MTC is a rare disease with a high risk of not being cured by the initial treatment. Nowadays, advanced and
progressive MTC can be treated with at least two different types of TKI, vandetanib and cabozantinib. The
choice is highly dependent on the availability of the drug; the location of the metastases; the need to have a
more or less rapid response; the patient clinical features, such as the presence of diverticulitis or congenital
QTec prolongation; and the experience of the medical team. In the near future, a second generation of TKI,
which are much more selective for RET mutations and almost harmless, will be available in clinical practice,
while other even more selective and mutation specific drugs are under development. The limit of these last
generation drugs is that they cannot be used in RET-negative cases, which represent almost 40% of cases.

Immunotherapy, although promising, is still unavailable for MTC patients, while some therapeutic space is
possible for radiometabolic therapy with radiolabeled analogs of somatostatin in those cases that are positive
for the corresponding receptor, especially if no other therapeutic options are possible.
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