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Abstract The increasing incidence of thyroid cancer is asso-
ciated with a higher number of advanced disease characterized
by the loss of cancer differentiation and metastatic spread. The
knowledge of the molecular pathways involved in the patho-
genesis of thyroid cancer has made possible the development
of new therapeutic drugs able to blockade the oncogenic
kinases (RET/PTC) or signaling kinases (vascular endothelial
growth factor receptor [VEGFR]) involved in cellular growth
and proliferation. Some clinical trials have been conducted
showing the ability of targeted therapies able to inhibit RET
(sorafenib, imatinib, vandetanib) in stabilizing the course of
the disease. The aim of the introduction of these targeted
therapies is to extend life duration assuring a good quality of
life; however, further studies are needed to reach these goals.
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Introduction

Thyroid cancer is the seventh most common cause of any new
malignancy in the US for women (25,480 cases in 2007, 3.8%
of new cases), while causing only about 1% of new cases in
men (8070 cases in 2007; incidence rank: 14th) [1–3]. The
yearly incidence of thyroid cancer has been growing from
7800 cases in 1974 to 33,550 cases in 2007. During the same
period, the percentage of cancer deaths per year, relative to the
number of new cases, has decreased from 15% to 5% [1–3].
Using a large data base on thyroid cancer it has been found [4]
that 79% of cases were papillary (PTC), 13% follicular, 3%
Hurthle cell, 3% medullary (MTC), and 2% anaplastic. PTC
presents most commonly between 30 and 50 years of age,
with a female/male ratio of 2–3:1. The risk of PTC is increased
in subjects exposed to radiations [5, 6].

The increasing incidence of thyroid cancer is associated
with a higher number of advanced disease characterized by
the loss of cancer differentiation and metastatic spread [7],
causing high morbidity, but not necessarily death.

The knowledge of the molecular pathways involved in the
pathogenesis of thyroid cancer has made possible the develop-
ment of new therapeutic drugs able to blockade the oncogenic
kinases (BRAF V600E, RET/PTC) or signaling kinases
(vascular endothelial growth factor receptor [VEGFR],
platelet-derived growth factor receptors [PDGFR]) involved
in cellular growth and proliferation [8].

RET

In the thyroid gland, RET is highly expressed in parafollicular
C-cells but not in follicular cells, where it can be activated
by chromosomal rearrangement known as RET/PTC rear-
rangement [9]. The RET gene is located on chromosome

A. Antonelli (*) : P. Fallahi : S. M. Ferrari :C. Mancusi
Department of Internal Medicine, University of Pisa,
School of Medicine,
Via Roma 67,
56100 Pisa, Italy
e-mail: alessandro.antonelli@med.unipi.it

M. Colaci : C. Ferri
Rheumatology Unit, Department of Internal Medicine,
University of Modena & Reggio E.,
Via del Pozzo 71,
4100 Modena, Italy

L. Santarpia
Translational Research Unit, Department of Oncology,
Hospital of Prato and Istituto Toscana Tumori,
Piazza dell’ Ospedale 5,
59100 Prato, Italy

Curr Oncol Rep (2012) 14:97–104
DOI 10.1007/s11912-012-0217-0



10q11.2 [10]. RET encodes a transmembrane receptor with an
extracellular portion containing four calcium-dependent
cell-adhesion domains needed to interact with ligands
[11]. The extracellular portion of the receptor also con-
tains multiple glycosylation sites and a cysteine-rich
region necessary for receptor dimerization [9]. The intra-
cellular domain of the RET receptor contains two tyrosine
kinase regions that activate intracellular signal transduction
pathways. RET activation triggers autophosphorylation of
tyrosine residues that serve as docking sites for adaptor pro-
teins, which coordinate cellular signal transduction pathways
(eg, mitogen-activated protein kinase, phosphatidylinositol
3-kinase, etc.) which are important in the regulation of
cell growth [9].

Papillary Thyroid Cancer

In PTC RET can be activated by chromosomal rearrange-
ment known as RET/PTC rearrangement [9].

In RET/PTC, the 3′ portion of the RET gene is fused to the
5′ portion of various unrelated genes. At least 13 types ofRET/
PTC have been reported to date, all formed by the RET fusion
to different partners [9]. The twomost common rearrangement
types, RET/PTC1 and RET/PTC3, account for the vast major-
ity of all rearrangements found in papillary carcinomas. RET/
PTC1 is formed by fusion with the H4 (D10S170) gene, and
RET/PTC3 by fusion with the NCOA4 (ELE1) gene [9].

In RET/PTC rearrangements, fusion with protein partners
possessing protein-protein interaction motifs provides RET/
PTC kinases with dimerizing interfaces, which results in
ligand-independent autophosphorylation. The RET intracellu-
lar domain contains at least 12 autophosphorylation sites, 11 of
which are maintained in RET/PTC proteins [12]. Tyrosine 905
(Y905) is a binding site for Grb7/10 adaptors [13], Y1015 for
phospholipase Cγ [14], andY981 for c-Src [15]. Tyrosine 1062
is the binding site for several proteins, including the Shc pro-
teins, insulin receptor substrate–1/2 (IRS-1/2), FGFR substrate
2 (FRS2), downstream of kinase 1/4/5 (DOK1/4/5), and Enig-
ma, which, in turn, lead to the activation of many signaling
pathways [14]. Binding to Shc and FRS2 mediates recruitment
of Grb2-SOS complexes, which thus leads to GTP exchange on
RAS and RAS/ERK stimulation [16]. RET-PTC has recently
been shown to be able to activate also another important onco-
genic pathway in thyroid carcinoma, the PI3K pathway [16].

RET/PTC is tumorigenic in thyroid follicular cells, as it
transforms thyroid cells in culture and gives rise to thyroid
carcinomas in transgenic mice [17].

Several studies suggest that the oncogenic effects of RET/
PTC require signaling along the MAPK pathway and the
presence of the functional BRAF kinase. Indeed, BRAF si-
lencing in cultured thyroid cells reverses the RET/PTC-in-
duced effects [18].

In PTC, RET/PTC rearrangements are found in 30–40%,
RAS mutations in about 10%, and BRAF mutations in approx-
imately 40–50%, with no overlap among these mutations,
whereas a higher prevalence of BRAF mutations (up to 70%)
has been observed in dedifferentiated papillary thyroid carci-
noma (DePTC) [19, 20]. RET/PTC rearrangements are corre-
lated to radiation exposure and are found in pediatric PTC [21].
Twelve variants of RET/PTC have been described [22].

Papillary carcinomas with RET/PTC rearrangements typi-
cally present at younger age and have a high rate of lymph
node metastases, classic papillary histology, and possibly
more favorable prognosis, particularly those harboring RET/
PTC1. In tumors arising after radiation exposure, RET/PTC1
was found to be associated with classic papillary histology,
whereas RET/PTC3 type was more common in the solid
variants [23, 24].

Correlation between RET/PTC rearrangement and prog-
nosis in human papillary carcinomas remains unclear. Some
evidence suggests that the RET/PTC1 rearrangement type is
associated with more favorable behavior of papillary carci-
nomas [9].

Medullary Thyroid Carcinoma

MTC originates from the calcitonin (CT)-producing neuro-
endocrine cells of the thyroid gland and accounts for 5% of
all thyroid malignancies [25, 26].

MTC is usually a slow-growing tumour, and patients
with metastatic disease have 10-year overall survival rates
of 40–50% [27]. Most cases of MTC are sporadic and
present with metastatic disease at diagnosis; approximately
20% of MTC cases occur as a component of multiple
endocrine neoplasia syndrome type 2 (MEN2). Surgery
remains the only curative modality available [28]; however,
there are no effective therapeutic options available for dis-
tant metastatic disease because the tumor does not respond
to radiotherapy or chemotherapy.

Activating mutations of the tyrosine kinase receptor
(TKR) RET have been reported in nearly all hereditary cases
of MTC and in 30–50% of sporadic tumor cases [29]. Thus,
RET has become an important therapeutic target for MTC.

MEN2A is the most common (50%) form of hereditary
MTC. There are three variants of MEN2A. The first is associ-
ated with Hirschsprung disease [30], the second is associated
with cutaneous lichen amyloidosis [31], while the third variant,
familial MTC (FMTC) [32], is characterized by MTC but no
other manifestations of MEN2. MEN2A is characterized by
bilateral, multicentric MTC in more than 90% of index patients
(carrying germline RET mutations in codon 634; i.e., those
presenting withMTC at diagnosis in the absence of screening),
pheochromocytomas in 50%, and primary hyperparathyroid-
ism in 10% to 20%.
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MEN2B is less common than MEN2A (approximately
20% of cases of MEN2) [33]. MEN2B is characterized by
MTC in 100% of carriers, pheochromocytomas in 50%,
mucosal ganglioneuromas in more than 90%, and a marpha-
noid habitus in nearly all. Early identification of MTC in
MEN2B is important because metastases have been de-
scribed during the first year of life.

The importance of RET activation in MTC has been
discussed extensively in some prior reviews [9, 12, 34].

Although dysregulation of the RET pathway remains the
most important event in the development of MTC [35], a
recent study demonstrated interactions between the RET and
another TKR, the epidermal growth factor receptor (EGFR).
The EGFR contributed to RET kinase activation, signalling,
and growth stimulation [36]. This reinforces the concept that
RET may cooperate with diverse transduction pathways and
signals to promote MTC tumorigenesis and may contribute
to stimulation of other as yet unknown cellular signalling
cascades [34].

Current Therapies for Treatment of Thyroid Cancers

Tyrosine Kinase Receptor Inhibitors

Tyrosine kinase inhibitors are small organic compounds that
affect tyrosine kinase–dependent oncogenic pathways, com-
peting with the ATP-binding site of the catalytic domain of the
tyrosine kinase [37]. Occupation of this site inhibits autophos-
phorylation and activation of the tyrosine kinase and prevents
further activation of intracellular signalling pathways. TKIs
can be specific to one or several homologous tyrosine kinases.
Thus, a single TKI may target multiple tyrosine kinases [38].

Several small-molecule tyrosine kinase inhibitors directed
toward RET kinase have been tested in in vitro, preclinical,
and clinical studies (Tables 1 and 2). ZD6474, an orally active
low-molecular-weight receptor tyrosine kinase inhibitor, is a
potent inhibitor of the vascular endothelial growth factor
receptor 2 (VEGFR-2) and effectively blocks RET tyrosine
kinase [39]. ZD6474 has been shown to block phosphoryla-
tion and signaling from RET/PTC3 and RET carrying the
most common MEN2A and MEN2B mutations in vitro, to
induce growth arrest of human papillary carcinoma cell lines
carrying RET/PTC1, and to prevent tumor growth in nude
mice after injection of RET/PTC3-transformed fibroblasts or
RET mutation-positive medullary carcinoma cells [40, 41].

Since antitumor activity of ZD6474 is likely due to a com-
bination of its anti-RET activity and antiangiogenic activity
mediated by blocking VEGFR, it will be of importance to find
whether the extent of the therapeutic response to ZD6474
depends on the presence of RET mutation and its type. In
preclinical studies, ZD6474 has been shown to inhibit most
of the mutated variants of RET, except for the V804L and
V804M mutations [42]. V804 in the RET protein corresponds
to the gate-keeper residues of ABL, PDGFR, c-KIT, and EGFR
kinases, and mutations at these residues are known to confer
resistance to various inhibitors [43]. These results suggest that
RET V804L and V804M mutations in medullary carcinomas
may mediate primary resistance to ZD6474 [42].

Various classes of small TKIs have shown inhibition of
RET activity in preclinical studies, including pyrazolopyrimi-
dine inhibitors PP1 and PP2, 2-indolinone derivative RPI-1,
and indolocarbazole derivatives CEP-701 and -751 [44–47].
PP1 and PP2 have been tested in preclinical studies and found
to be effective in therapeutic concentrations in blocking RET/
PTC signaling in vivo and abolishing its tumorigenic effects in

Table 1 Clinical trials with tar-
geted therapies against RET in
patients with thyroid cancer

ATC anaplastic thyroid cancer;
DTC differentiated thyroid can-
cer; EGFR epidermal growth
factor receptor; FTC follicular
thyroid cancer; MTC medullary
thyroid carcinoma; PR partial
response; PTC papillary thyroid
cancer; SD stable disease;
VEGFR vascular endothelial
growth factor receptor

References Drug Pathway inhibited Thyroid cancer Responses

[50••] Sorafenib RAF, RET, VEGFR 30 DTC 7 (23%) PR;
16 (53%) SD (DTC)

[51••] Sorafenib RAF, RET, VEGFR 41 PTC 6 (15%) PR;
23 (56%) SD (PTC)

11 FTC No response (FTC)

4 ATC No response (ATC)

[52••] Sorafenib RAF, RET, VEGFR 32 DTC 8 (25%) PR;
11 (34%) SD (DTC)

[53••] Sorafenib RAF, RET, VEGFR 16 sporadic MTC 1 (6%) PR; 14 (88%) SD

[54••] Sorafenib RAF, RET, VEGFR 30 advanced
thyroid carcinoma

9 (30%) PR; 13 (36%) SD

[61] Imatinib VEGFR-2, RET 15 MTC 4 (27%) SD (MTC)

[64••] Vandetanib VEGFR-2, EGFR, RET 30 MTC hereditary 6 (20%) PR,
16 (53%) SD (MTC)

[65••] Vandetanib VEGFR-2, EGFR, RET 19 MTC hereditary 3 (16%) PR,
10 (53%) SD (MTC)
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experimental animals. A multikinase inhibitor SU12248 (suni-
tinib) has been shown to effectively inhibit signaling from
RET/PTC kinase in the experimental models and has been
progressed to phase II clinical trial in radioiodine-refractory,
unresectable differentiated thyroid cancer and medullary thy-
roid cancer.

Trials of Different Tyrosine Kinase Inhibitors
with RET-Inhibiting Activity for the Treatment
of Thyroid Cancer

Since 2005, a wide variety of multitargeted kinase inhibitors
have entered clinical trials for patients with advanced or pro-
gressing metastatic thyroid cancers yielding higher response
rates than cytotoxic chemotherapy, also if responses have been
observed in only few patients [48, 49]. Most of these agents
have a common property of inhibiting VEGFR, with a potent
anti-angiogenetic role, because of the structural similarity
between RET and VEGFR kinases; ie, sorafenib has RAF-
RET, and VEGFR-inhibiting activity; imatinib has RET, and
VEGFR-2 inhibiting activity; vandetanib inhibits VEGFR-2,
EGFR, and RET. Other agents act on different pathways, for
example: axitinib has VEGFR-, C-KIT-, and platelet-derived
growth factor receptors (PDGFR)-inhibiting activity; pazopa-
nib is an inhibitor of VEGFR and PDGFR; and sunitinib
inhibits E7080 (a multi-kinase inhibitor) and VEGFR.

Several phase II trials of different tyrosine kinase inhibitors
against RETwere conducted and others are ongoing (Table 1).

There have been different phase II trials of sorafenib (BAY
43–9006, 400 mg twice daily). The first trial of sorafenib
(400 mg twice daily) was conducted on 30 differentiated
thyroid carcinoma (DTC) patients, and a partial response
was reported in 7 patients and stable disease in 16 patients
[50••]. The second trial reported a partial response in 6 patients
and stable disease for 6months ormore in 23 of the 41 patients
with PTC, but therapy was ineffective in the 11 patients with

FTC or poorly differentiated DTC and in the 4 patients with
ATC [51••]. In the third trial, which was conducted on 32 DTC
patients, a partial response was reported in 8 patients and stable
disease in 11 patients [52••]. Greater efficacy of sorafenib was
seen in PTC, especially PTC with a BRAF mutation, than in
poorly differentiated DTC, and it had no effect on iodine
uptake. A phase III trial comparing progression-free survival
is under way, in which sorafenib and placebo are being admin-
istered to patients with radioiodine-resistant metastatic DTC.

A further phase II trial of sorafenib in patients with ad-
vanced MTC (16 sporadic, or 25 hereditary) has been con-
ducted. Among 16 patients with sporadic MTC, one achieved
partial response (6.3%), 14 had stable disease (87.5%), and
one was non-evaluable. Median progression-free survival was
17.9 months. The treatment in MTC hereditary patients was
prematurely terminated because of slow accrual [53••].

Recently, Capdevila et al. tested sorafenib in patients with
advanced thyroid carcinoma [54••]. Thirty patients were en-
rolled and, among 27 evaluable patients, they observed partial
responses in nine (30%) and stable disease in 13 patients.With
a median follow-up of 11months, the median progression-free
survival was 11.6 months. Interestingly, six out of 12 (50%)
patients with MTC obtained a partial response, indicating that
the drug might be effective in MTC, although the small
number of patients requires further prospective studies.

On the basis of these promising results, a multicenter,
double-blind randomized phase III study evaluating the
efficacy and safety of sorafenib in locally advanced/meta-
static RAI-refractory differentiated thyroid cancer [55••,
56••] and an international, randomized, double-blinded
phase III efficacy study of XL184 in subjects with unresect-
able, locally advanced, or metastatic MTC [57••], both
compared to placebo, are ongoing.

Recently, Verbeek et al. [58•] compared the effect of four
TKIs (axitinib, sunitinib, vandetanib, and XL184) on cell
proliferation, RET expression, and autophosphorylation and

Table 2 In vitro studies with targeted therapies against RET in papillary and medullary thyroid cancer

Study Drugs Cell type Results Xenografts
(yes/no)

Antineoplastic effect
in xenografts (yes/no)

Carlomagno et al. [39], 2002 ZD6474 PTC cell line Prol+ Yes Yes

Cuccuru et al. [44], 2004 RPI-1 MTC cell line Prol+ Yes Yes

Strock et al. [45], 2003 CEP-701, CEP-751, CEP-2563 MTC cell line Prol+ Yes Yes

Carlomagno et al. [47], 2003 PP2 PTC cell line Prol+ No –

Verbeek et al. [58•], 2011 Vandetanib, XL184 MTC cell line Prol+ No –

Verbeek et al. [58•], 2011 XL184 PTC cell line No –

Coxon et al. [62•], 2011 Motesanib MTC cell line Yes Yes

Samady et al. [63•], 2010 Withaferin A MTC cell line Prol+, apo+ Yes Yes

Antonelli et al. [72••], 2011 CLM3, CLM29 DePTC cell line Prol+, apo+ Yes Yes

apo+, induction of apoptosis; DePTC dedifferentiated papillary thyroid cancer; MTC medullary thyroid carcinoma; prol+, inhibition of prolifer-
ation; PTC papillary thyroid cancer
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extracellular signal-regulated kinases (ERK) activation in
cell lines expressing MEN2A, MEN2B mutations, and a
RET/PTC rearrangement, showing a most potent effect of
XL184 (an inhibitor of VEGFR-1 and -2, C-MET [59],
RET, C-KIT, FLT3, and Tie-2) in MEN2A and PTC and a
more effective action of vandetanib in MEN2B in vitro.

A phase I dose-escalation study of oral XL184 (cabozan-
tinib) was conducted in 37 patients with MTC. Ten (29%) of
35 patients with MTC with measurable disease had a con-
firmed partial response. Additionally, 15 (41%) of 37 patients
withMTC had stable disease for at least 6 months, resulting in
stable disease for 6 months or longer or confirmed partial
response in 68% of patients with MTC [60••].

The TKI imatinib (STI571) was tested in patients with
metastatic MTC yielding no objective responses but stable
disease in a minority of patients [61], while motesanib, in a
mouse model of MTC, inhibited tumor xenograft growth
reducing directly VEGFR-2 and RET expression [62•]. In a
metastatic murine model of MTC, it has been recently tested
a novel RET inhibitor, withaferin A, that was responsible for
tumor regression and growth delay [63•].

A phase II study assessed the efficacy of vandetanib
(300 mg/day), a selective inhibitor of VEGFR-2, epidermal
growth factor receptor (EGFR), and RET, in patients with
advanced hereditary MTC. Thirty patients were enrolled:
20% of patients had a partial response, while an additional
53% of patients experienced a stable disease at 24 weeks. A
reduction in calcitonin and carcinoembryonic antigen levels
was also reported [64••]. Another study evaluated vandeta-
nib in 19 patients with advanced hereditary MTC, yielding a
partial response in 3 patients, and stable disease lasting
24 weeks or longer in further 10 patients with decreasing
levels of calcitonin and carcinoembryonic antigen levels (a
sustained 50% or greater decrease from baseline in 3 of 19
patients and 5% in 1 of 19 patients, respectively) [65••].

In April 2011, the US Food and Drug Administration
(FDA) approved vandetanib (AstraZeneca) for the treatment
of symptomatic or progressive medullary thyroid cancer in
patients with unresectable locally advanced or metastatic
disease [66••]. It is the first drug ever approved for the
treatment of this rare form of thyroid cancer. The approval
of vandetanib is based on the results of the phase III ZETA
study, which randomized 331 patients with unresectable
locally advanced or metastatic MTC to vandetanib 300 mg
(n0231) or placebo (n0100). In the study, patients treated
with vandetanib had a median progression-free survival of at
least 22.6 months, compared with 16.4 months for patients
randomized to placebo (hazard ratio [HR], 0.35; 95% con-
fidence interval [CI], 0.24–0.53; P<0.0001). Serious ad-
verse events reported during the study resulted in five
deaths in patients treated with vandetanib. Causes of death
included breathing complications, heart failure, and sepsis.
Vandetanib has been shown to affect the electrical activity of

the heart, which in some cases can cause irregular heartbeats
that can be life-threatening. The prescribing information for
vandetanib includes a box warning about treatment-related
QT prolongation, Torsades de pointes, and sudden death.
The most common adverse drug reactions (> 20%) seen in
the ZETA trial with vandetanib were diarrhea (57%), rash
(53%), acne (35%), nausea (33%), hypertension (33%),
headache (26%), fatigue (24%), decreased appetite (21%),
and abdominal pain (21%), according to the company.

Targeted Therapies Limits

Tumor cells often devise strategies to bypass the effects of
antineoplastic agents and selection of therapy-resistant clones
is frequently the reason for treatment failure. A lack of re-
sponse can occur, for instance, because target inhibition raises
the activity of compensatory signal pathways, which, in turn,
rescue tumor cell growth. However, the possibility of testing
the sensitivity of primary DePTC cells from each subject to
different TKIs could increase the effectiveness of the treatment.
In fact, in vitro chemosensitivity tests are able to predict in vivo
effectiveness in 60% of cases [67]; while, it is well known that
a negative chemosensitivity test in vitro is associated with a
90% of ineffectiveness of the treatment in vivo [68], allowing
the administration of inactive chemotherapeutics to these
patients to be avoided [67]. It has been recently demonstrated
that it is possible to test the antineoplastic activity of different
compounds (antiblastics or peroxisome proliferator-activated
receptor [PPAR]-γ agonists) in primary anaplastic thyroid
cancer cells obtained from each patient [69•, 70•]. Further-
more, it has been shown that primary cells can be obtained
directly from fine needle aspiration samples of thyroid cancer,
and that the results of in vitro chemosensitivity tests are quite
similar to those obtained from surgical biopsies [71•]. Interest-
ingly, more recently, we have first shown an antitumoral effect
of two (CLM3 and CLM29) new multi-targeted kinases inhib-
itors (CLM3 and CLM29 inhibit several targets, including
RET, EGFR, and VEGFR and have an antiangiogenic effect)
not on continuous cell lines, that are quite different from the
tumor of the patients themselves, but directly on primary
DePTC of patients refractory to the radioiodine therapy
[72••], opening the way to the possibility of personalizing the
kinase inhibitors therapy in each patient.

Targeted Therapies Side Effects

Numerous side effects of the multi-targeted kinase inhibitors
were reported; in different trials, several patients required a
dose reduction to improve tolerability. The most common side
effects involved cardiovascular system (hypertension, cardio-
myopathy, stroke) and skin (rashes, foot and hand syndrome)
[48]. Some cases of TSH elevation were also observed, espe-
cially during motesanib therapy [73].
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Several endocrine effects were observed in patients with
vandetanib, a multikinase inhibitor (targeting also RET) in 39
patients with progressive thyroid cancer. During vandetanib
treatment, several changes were observed: 1) serum 25(OH)
vitamin D level decreased and serum PTH and 1,25(OH)(2)
vitamin D levels increased, suggesting a decreased intestinal
absorption of vitamin D or lack of sun exposure as a result of
photosensitization; 2) L-T(4) doses were to maintain serum
TSH within the normal range; 3) in male patients, total testos-
terone and free testosterone levels increased; and 4) serum
inhibin B decreased and stimulated FSH increased, suggesting
a Sertoli cells insufficiency [74].

Conclusions

The most encouraging results, in patients with advanced
PTC unresponsive to radioiodine therapy and MTC, were
obtained with the targeted kinase inhibitors with an intrinsic
activity against VEGFR and cross activity against RET
kinases, such as sorafenib, imatinib, and vandetanib.

Until now, no consensus guidelines or standard criteria
for patients enrolling were established definitively. Thereby,
the effects on survival are unclear, because of lack of com-
plete responses and because of the discrepancies between
the radiographic tumor responses and the effective improve-
ment of survival.

The aim of the introduction of these targeted therapies is
to extend life duration assuring a good quality of life. To
reach these goals, we need to have further data on toxicities
of single agent and of combination of more drugs, to iden-
tify specific biomarkers able to predict the treatment effica-
cy, the clinical outcome, and to guarantee a tailored dosage
of the drugs. Moreover, the possibility to test in vitro (in
primary thyroid cancer cells) these novel drugs may help to
improve further the personalization of the treatment.
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