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Thyroid cancer is the most prevalent neo-
plasm among endocrine tumors, present-
ing an increasing incidence trend over the 
last few years [1,2]. The highest incidence 
is among female patients [1]. Thyroid can-
cers can be histopathologically classified 
into: anaplastic thyroid carcinoma (2% 
of all thyroid cancers), medullary thyroid 
carcinoma (MTC; 4%) and differentiated 
thyroid carcinoma (DTC; 94%), which 
represents he vast majority of thyroid can-
cers and presents three subtypes: Hurthle 
cell carcinoma (3%), follicular thyroid car-
cinoma (11%) and papillary thyroid car-
cinoma (PTC; 80%) [3]. Notably, even if 
the anaplastic thyroid carcinoma represents 
just a small minority of all thyroid cancers, 
it is responsible for up to 50% of deaths [4].

De facto, early-stage thyroid cancers 
(i.e., the vast majority) have an excellent 
outcome and surgery often represents the 
gold-standard therapy. In particular, total 
thyroidectomy is mostly indicated in these 
cases [5]. The surgical technique should be 

standardized and, of note, a standardized 
intraoperative neuromonitoring of the 
recurrent laryngeal nerve is a relevant tech-
nological adjunct [6,7]. In fact, after therapy 
in cases of DTC the outcome is excellent, 
with a 5-year overall survival rate of nearly 
98%. Not withstanding these positive 
results, 10 years after treatment distant 
metastases can unfortunately develop in 
one patient out of ten and there is a relevant 
local recurrence rate (up to two patients 
out of 20) [8].

On the contrary, relapsed thyroid 
cancers often evolve towards metastatic 
forms and a related loss of iodine avidity, 
with a poor response rate to the standard 
therapies and an unfavorable outcome [4]. 
Doxorubicin is currently the only systemic 
cytotoxic agent approved for DTC, but 
unfortunately it has relevant adverse events 
and a poor response rate [4].

Since traditional cytotoxic drugs show 
poor results, new treatment options are 
needed. The in-depth understanding of 

“...the understanding of the molecular pathogenesis of thyroid cancers 
paved the way for the development of novel cutting-edge therapeutic 

agents; for this reason, a more tailored disease management will be 
possible.”
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the molecular basis of thyroid cancer tumori-
genesis is mandatory for the development and 
implementation of novel, targeted and effec-
tive agents. Hence, over the last few years these 
molecular processes have been extensively stud-
ied and better clarified. For this reason, the 
development of new targeted molecules for the 
advanced and refractory disease therapy has 
been possible. In fact, two targeted treatments 
have been approved so far: cabozantinib [9] and 
vandetanib [10].

Many novel agents are being evaluated for 
advanced thyroid cancer [3]. This editorial specif-
ically focuses on multikinase inhibitors, agents 
that can block pathways essential for cancer sur-
vival and spread. Our aim is to briefly review the 
latest therapy advancements,  providing our own 
additional remarks on this topic.

Thyroid carcinoma: molecular pathways
Tyrosine kinases (TKs) are phosphorylative 
enzymes involved in cellular signal transduc-
tion pathways important in oncological contexts 
[11]. Tumoral constitutive activation of onco-
genic signaling can be related to some genetic 
alterations that lead to mutation/overexpres-
sion of several intracellular signals (including 
TKs) [12,13]. Thyroid cancers are often char-
acterized by genetic alterations activating the 
PI3K–AKT–mTOR pathway and the RET/
PTC–RAS–RAF–MAPK axis. Notably, RET 
can activate a wide variety of signaling cascades 
(including PI3K–AKT and MAPK) [12,13]. The 
more aggressive types of thyroid cancer often 
present alterations in PI3K-regulated intracel-
lular signals [12,13]. RAS mutations and PAX8/
PPAR-γ rearrangements are the most frequent 
alterations in follicular thyroid carcinoma [12]. 
However, most PTCs present mutations of RAS 
and BRAF genes and RET/PTC rearrange-
ment [12,13]. What is more, sporadic MTC often 
shows a cross-activation of the PI3K and MAPK 
pathways related to amplification of RAS–RAF 
signaling [12,13]. Moreover, other tyrosine kinase 
receptors activating the same pathways have 
been shown: the HGF receptor encoded by the 
c-Met (MET) proto-oncogene EGF receptor, 
the VEGF r eceptor family and the FGF r eceptor 
family [12,13].

TKs & resistance
Tumors can rapidly adapt and drug resistance 
may develop; thus, the benefits of tyrosine kinase 
receptor inhibitors can be transient/absent [14]. 

Two resistance mechanisms have been shown for 
the VEGF pathway inhibitors: evasive, linked 
to the ability of the cancer to avoid angiogenetic 
blockage via several mechanisms and intrinsic, 
due to pre-existing cancer microenvironment 
conferring indifference to the inhibitor [14]. Since 
the majority of solid tumors present deregula-
tion of multiple pathways, current drug develop-
ment tends toward development of a multikinase 
inhibitor, such as a single agent endowed with the 
potential of multiple targeting [12].

Thyroid carcinoma & multikinase 
inhibitors
Multikinase inhibitors have shown improved clin-
ical outcome and implemented tumor response 
in advanced thyroid cancer [4]. The effectiveness 
of these drugs may be linked to their capabil-
ity to simultaneously inhibit multiple pathways 
and vascular sprouting [12]. Some of these drugs 
are now under clinical investigation in patients 
with MTC and DTC, whereas some others have 
already been approved for advanced MTC.

Cabozantinib inhibits RET, VEGFR-2 and 
the HGF receptor. Its clinical role for advanced 
MTC was observed in a Phase I study [15] and 
subsequently in a Phase III study in meta-
static MTC [9], where the objective response 
rate reported was 0% for placebo and 28% for 
cabozantinib. Median progression-free survival 
was 4 months for placebo and 11.2 months for 
cabozantinib. What is more, progression-free 
survival at 1 year was reported to be 7.2% for 
placebo and 47.3% for cabozantinib. Adverse 
events were manageable and non-life-threat-
enening [9]. The results of the Phase III trial led 
to US FDA approval of a multikinase inhibitor 
for patients with progressive metastatic MTC.

Vandetanib blocks VEGFR-1, VEGFR-2, 
the EGF receptor and RET-TK. Two Phase II 
trials [16,17] investigated vandetanib in heredi-
tary MTC, with promising results that led to 
a Phase III trial [10] in advanced hereditary or 
sporadic MTC using vandetanib versus placebo. 
This study demonstrated a significantly pro-
longed progression-free survival on vandetanib 
and a significantly major objective response rate 
of 45 and 1%, respectively. The most frequent 
adverse events were non-life-threatenening and 
manageable. This Phase III study led to the 
FDA and the EMA approval of vandetanib for 
p rogressive or metastatic MTC in adults.

Lenvatinib (E7080) is a multiple tyrosine 
kinase receptor inhibitor targeting FGFR-1–4, 

“Multikinase inhibitors 
have shown improved 
clinical outcome and 
implemented tumor 

response in advanced 
thyroid cancer.”
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PDGFRβ56, VEGFR-1–3, RET and c-Kit. The 
role of this promising agent has been recently 
reviewed by Stjepanovic and Capdevilla [12]. 
The Phase III SELECT trial is a multicenter, 
randomized, double-blind, placebo-controlled 
study of lenvatinib in radioiodine-refractory 
DTC patients. The primary end points are 
overall survival, progression-free survival and 
secondary objective response rate. Recently 
it has been shown that the SELECT trial has 
fulfilled the primary end point in terms of 
progression-free survival benefit in the therapy 
of radioiodine-refractory DTC. Consequently, 
lenvatinib has been submitted for market 
authorization [12].

Sorafenib is an inhibitor of VEGFR-1, 
VEGFR-2, VEGFR-3, PDGFR, RET, RAF and 
c-Kit. After showing promising results, this agent 
has been studied in a double-blind Phase III 
study [18] comparing placebo versus radioiodine-
refractory DTC. There was a notable improve-
ment in median progression-free survival, stable 
disease, objective response and disease control 
rate for sorafenib versus placebo. What is more, 
73% of patients showed some degree of reduc-
tion in target tumor lesions. The most frequent 
adverse events were non-life-threatenening and 
manageble [18].

Finally, some other interesting agents are 
currently under investigation in Phase II tri-
als: axitinib; sunitinib; motesanib diphosphate; 
and pazopanib. However, for these last afore-
mentioned molecules more data, from Phase III 
t rials, are needed.

Discussion
Early-stage thyroid cancers have an excellent out-
come and total thyroidectomy often represents 
the gold-standard therapy [5,19]. Unfortunately, 
just a few effective therapeutic tools have been 
available for advanced stages so far. However, 
the understanding of the molecular pathogen-
esis of thyroid cancers paved the way for the 
development of novel cutting-edge therapeutic 
agents; for this reason, a more tailored disease 
management will be possible. Not withstanding 
the aforementioned promising tools (in particu-
lar multikinase inhibitors), there are still some 
relevant challenges to be faced.

De facto, cancer is still an enigmatic, com-
plex, heterogeneous, rapidly evolving, rapidly 
shifting, fast adapting and unfortunately 
not completely understood enemy. In par-
ticular, over the last few years, technological 

improvements have allowed an analysis of indi-
vidual cancer genomes at single nucleotide level 
[20]. Moreover, beside the well known intertu-
mor heterogeneity between cancers of the same 
histopathological type, there has recently been 
much more new evidence for intratumor het-
erogeneity (ITH) in terms of differences in 
spatially separated areas of the same tumor 
or in its metastatic sites and, of note, within 
individual cancer biopsies (i.e., a single biopsy 
may underevaluate the cancer mutational land-
scape) [20]. Notably, beside a spatial evolution, 
there is a temporal evolution of ITH [20]. In 
this way, another element to be clarified in the 
future is if the theoretical Darwinian selec-
tive pressure of cytotoxic therapy could have 
a role in enhancing ITH; its potential clini-
cal consequences should be better clarified [20]. 
Moreover, another element to be investigated 
in the future is the relationship between ITH 
and drug resistance development. In this way, 
the advent of new technology to continuously 
monitor the cancer subclonal dynamics could 
be useful [20].

At the same time, beside the necessary in-
depth knowledge of cancer dynamics and the 
development of more accurate tools for ITH 
monitoring (to understand which molecule is 
the most effective in that precise moment for 
that specific cancer), it is also mandatory to 
create new therapeutic tools in order to limit 
such a Darwinian adaptive nature of cancer. 
In this way it will become more easy to under-
stand which drug should be used first and how 
to overcome a possible resistance to therapy.

In conclusion, “knowledge is power” (Sir 
Francis Bacon, Meditationaes Sacrae, 1597) and 
if we will better clarify those mechanisms, we 
should be able to precisely select (using standard-
ized parameters) which patients will benefit the 
most (in that particular moment and in a person-
alized way) from the targeted agent s pecifically 
developed.
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