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Abstract: Anaplastic thyroid cancer (ATC) is one of the deadliest human cancers and it is less than 2%
of thyroid carcinomas (T'Cs). The standard treatment of ATC includes surgical debulking, accelerated
hyperfractionated external beam radiation therapy (EBRT), and chemotherapy, in particular with cisplatin
or doxorubicin, achieving about 10 months of median survival. Since ATC is a rare and aggressive tumor, it
is still challenging to predict the patient clinical therapy responsiveness. Several genetic mutations have been
described in ATC, involved in different molecular pathways linked to tumor progression, and novel therapies
acting on these molecular pathways have been investigated, to improve the quality of life in these patients.
Here we review the new targeted therapy of ATC. We report interesting results obtained with molecules
targeting different pathways: angiogenesis (vandetanib, combretastatin, sorafenib, lenvatinib, sunitinib,
CLM9%4, CLM3, etc.); EGFR (gefitinib, docetaxel); BRAF (dabrafenib/trametinib, vemurafenib); PPARy
agonists (rosiglitazone, pioglitazone, efatutazone); PD-1 and PD-L1 (pembrolizumab); TERT. To escape
resistance to monotherapies, the evaluation of combination strategies with radiotherapy, chemotherapy, or
targeted drugs is ongoing. The results of clinical trials with dabrafenib and trametinib led to the approval
from FDA of this combination for patients with BRAF V600E mutated ATC with locally advanced,
unresectable, or metastatic AT'C. The anti-PD-L1 antibody immunotherapy, alone or combined with a
BRAF inhibitor, has been shown also promising in the treatment of ATC. Furthermore, to increase the
therapeutic success and not to use ineffective or even harmful treatments, a real tailored therapy should be
pursued, and this can be achieved thanks to the new available genomic analysis methods and to the possibility
to test in vitro novel treatments directly in primary cells from each ATC patent. Exploring new treatment

strategies is mandatory to improve the survival of these patients, guaranteeing a good quality of life.
Keywords: Anaplastic thyroid cancer (AT C); in vitro studies; in vivo studies; molecular pathways; targeted drugs
Submitted Jul 25, 2019. Accepted for publication Oct 23, 2019.

doi: 10.21037/gs.2019.10.18
View this article at: http://dx.doi.org/10.21037/gs.2019.10.18

© Gland Surgery. All rights reserved. Gland Surg 2020;9(Suppl 1):528-S42 | http://dx.doi.org/10.21037/gs.2019.10.18


https://crossmark.crossref.org/dialog/?doi=10.21037/gs.2019.10.18

Gland Surgery, Vol 9, Suppl 1 January 2020

Introduction

Among the deadliest human cancers, anaplastic thyroid
cancer (ATC) is less than 2% of thyroid carcinoma (TC). It
has a very rapid course of disease progression and it shows
poor treatment outcomes, accounting for 15-40% of TC
deaths (1-3).

According to the American Joint Committee on Cancer,
AT C is classified as Stage IV TC, independently from tumor
size or presence of lymphnode or distant metastasis (4),
and it is commonly aggressive or metastatic at the initial
presentation (5,0).

The standard treatment of ATC includes surgical
debulking, accelerated hyperfractionated “external beam
radiation therapy” (EBRT), and chemotherapy, achieving
10 months of median survival (7). Doxorubicin, docetaxel/
paclitaxel and platins are endorsed by ATA guidelines in
ATC, even though with no improvement of the survival in
advanced AT'C (8).

A systematic review was conducted on the published
papers from 1995 to 2017 about “anaplastic thyroid” and
“treatment” (9). Forty studies were returned from the
search and, among these, 25 met the inclusion criteria,
that established to consider papers comparing patients
who received any type of therapy for ATC and measuring
survival, as primary outcome, or the percentage of patient
surviving more than 1 year, as secondary outcome. The
best chance of disease control was an early multidisciplinary
approach with extensive radical surgery, combined with
adjuvant chemoradiation (with cisplatin or docetaxel/
paclitaxel). Targeted multi-tyrosine kinases inhibitors (TKIs)
were associated with limited disease progression. Moreover,
the presence of foci of differentiated thyroid cancer (DTC)
within the ATC was associated with a higher long-term
survival (9).

Since ATC is a rare and aggressive tumor, it is still
challenging to predict the patient clinical therapy
responsiveness. Several genetic mutations have been
described in AT'C, that are involved in different molecular
pathways linked to tumor progression (8,10), and novel
therapies acting on these molecular pathways have been
investigated (8), in order to improve the quality of life in
these patients (11,12). Here we review the new targeted
therapy of ATC.

Molecular targets of ATC (Figure 1)

The ATC mutational status can be used to understand the
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pathogenesis of this tumor and to guide the selection of
the right systemic therapy (8,13). Mutation of the tumor
suppressor p53 gene is commonly detected among ATC (70—
88%), whereas it is less frequently found in follicular thyroid
cancer (FT'C) and papillary thyroid cancer (PTC) (14).

All tumors should be evaluated for the presence of the
most studied mutations, including BRAF (15-17). BRAF
V600E occurs in approximately 45% of PTC, but also it is
found in 25% of ATCs (17,18). The mutated BRAF V600E
is a permanently activated kinase and phosphorylates its
downstream targets, such as MEK and ERK, and it is
associated with more aggressive features including larger
tumor mass, lymph node or extrathyroidal metastasis, which
in turn cause a poorer prognosis (19-21).

RET/PTC rearrangements have been reported in 3 cases
of ATC tissues (22), perhaps owing to the coexistence of
ATC and PTC in the same tissue.

The vascular endothelial growth factor (VEGF)-A plays
a physiological role in the survival and proliferation of
endothelial cells (23). Cancer cells expressing VEGF show
a more aggressive behavior, growing more rapidly and
metastasizing to distant organs. In fact, VEGF is commonly
found on highly malignant ATC cells (24). Also, DTC
express elevated burden of VEGF-receptor (VEGFR), in
particular VEGFR-2, and VEGF-A, compared to control
thyroidal tissue (25). Furthermore, an augmented VEGF
expression was associated with the incidence of local and
distant metastasis in PTC (26). Moreover, the expression
of VEGF and microvessel density in TCs and the effect of
VEGTF expression in TC cells on the dendritic cells were
evaluated in 65 patients with different types of TCs: PTC,
oncocytic (OTC), FTC and ATC (27). PTC expressed
VEGF more significantly than ATC (92.3% versus 60.0%,
P=0.025). The microvessel density (identified by antibodies
against CD31) in the tumor border of PTC was significantly
more elevated with respect to FTC (P=0.039), but not to
ATC and OTC (P=0.337 and 0.134). This paper confirmed
the hypothesis that the VEGEF expression on TC cells can
induce neovascularization (27).

Regarding RAS mutations [KRAS (in codon 13/12),
HRAS, and NRAS (in 61 codon)], point mutations are
present in about 40% of FTCs, 15% PTCs, and 50% of
ATCs, activating PI3K/AKT and MAPK pathways, and
they are linked to aggressiveness and a poor prognosis
(28,29). As several studies suggest, the evaluation of the
mutational status of T'C could be of help to detect those
genetic mutations linked to a more aggressive clinical course
of the tumor, such as the telomerase reverse transcriptase
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Figure 1 Molecular targets and tyrosine kinase inhibitors in anaplastic thyroid cancer.

promoter (TERTp) especially when associated with BRAF
V600E or RAS mutations (12,30-32).

As what concerns epidermal growth factor receptor
(EGFR), its misregulation, amplifications, or mutations are
involved in approximately 30% of epithelial carcinoma (33).
EGFR was linked to tumor invasiveness and progression of
TC (34,35), and it is overexpressed in ATC.

In DTC, a copy number gain is present in the genes
of receptor tyrosine kinase (i.e., VEGFR1, PIK3Ca,
VEGFR2, EGFR, PDGFRa, KIT, PDGFRp, PIK3Cb,
PDKI1, and MET) (22). However, copy number gains were
more prevalent in ATC, with respect to DTC (36). Most
of these genes are determinant in ATC carcinogenesis,
for this reason it has been hypothesized that gene copy
number variations are implicated in the aggressiveness and
progression of this neoplasm (37).

A common feature of neoplastic cells is the dysregulation
of the activity of histone deacetylase (HDAC) or histone
acetyltransferase: a more favourable chromatin configuration
is obtained for gene transcription (38,39). The anticancer
effect of CUDC-101, the first-in-class dual inhibitor of
EGFR, HER2 and HDACs, was evaluated in ATC (40),

showing its association with an elevated expression of p21
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and E-cadherin, and a diminished expression of survivin,
XIAP, B-catenin, Vimentin, and N-cadherin. In an iz vive
mouse model of metastatic ATC, CUDC-101 inhibited
tumor growth and metastases, and prolonged significantly
the survival, leading to evaluate the potential of CUDC-101
therapy in AT'C (40).

In ATC, the augmented synthesis of miR-20a seems
to oppose progression, with significant therapeutic
consequences (41). The inhibitory receptor programmed
death (PD)-1 is expressed on the membrane of activated T
cells. In tumor microenvironment, the binding of PD-1 to
its ligands (PD-L1 and PD-L2), inhibits T cell function,
through a mechanism called “adaptive resistance” (42).
PD-1 and PD-L1 have a crucial role in the capability of
tumor cells to escape the host’s immune system. For this
reason, the block of their binding iz vitro had shown to
enhance the immune response and the antitumor activity
in preclinical models (43). PD-L1 expression is considered
a potential biomarker for response of anti-PD-1 or anti-
PD-L1 agents in different tumors (44). About 22.2% ATC,
7.6% FTC and 6.1% PTC expressed PD-L1, among the
407 evaluated primary TCs. The authors concluded that
advanced T'C markedly expressed PD-L1 (44).
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More recently, a massively-parallel DNA sequencing
was conducted in 27 ATC and 86 advanced DTC, and
RNA sequencing was done on transcriptomes of 13 ATC
and 12 advanced DTC (45). AKT1, TERT, EIF1AX,
and PIK3Ca were often co-mutated with driver genes
(i.e., BRAF V600E and RAS) in advanced DTC and ATC,
while tumor suppressor genes (i.e., 7P53 and CDKN2A)
were particularly altered in AT'C. In patients with AT'C or
advanced DT'C, CDKIN2A loss was significantly associated
with poor disease survival and up-regulation of PD-L1 and
PD-L2 (45).

Targeting angiogenesis
Vascular disrupting mechanism

Combretastatin

Combretastatin A4 phosphate (CA4P or fosbretabulin) is
a microtubule depolymerizing drug acting against tumor
vascular microenvironments, preventing the tumoral blood
supply, causing necrosis (46). A complete response (CR)
was evidenced in one patient administered with CA4P, still
living 30 months after the therapy (47).

In ATC patients, the FACT trial (a randomised,
controlled phase II/III study) investigated the effect of
carboplatin/paclitaxel, combined with CA4P (experimental
group), or not (control group) (48). Eighty patients were
enrolled (55% of them had been treated by surgery and,
among them, 70% by near total or total thyroidectomy).
Patients belonging to the CA4P arm had 8.2 months of
median survival with respect to 4.0 months in the control
group. In the CA4P arm 1-year survival was 33.3%,
while in the control arm 7.7%. These results suggested
that thyroidectomy followed by carboplatin/paclitaxel,
combined with CA4P, showed a not significant trend toward
improvement in survival in AT'C patients (48).

Moreover, an open-label trial was conducted in 80
patients with ATC, administered with carboplatin/
paclitaxel, combined or not with fosbretabulin, reporting no
differences between the 2 arms in progression-free survival
(PFS) (49).

VEGF pathway

Sorafenib

Sorafenib is an orally active multikinase inhibitor (mKI)
that targets BRAF, c-Kit, RET, and VEGFR-1 and -2, and
exerts anti-neoplastic actions in patients with T'C, acting on
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the BRAF pathway, RET] and angiogenesis (50-53).

A phase III trial showed that sorafenib is an effective
therapy in progressive radioactive iodine-refractory DTC (53).

A phase II trial has tested sorafenib in 20 patients
with ATC (not submitted to previous therapies). It was
administered 400 mg twice daily. Ten percent of patients
had a partal response (PR), and 25% a stable disease (SD).
The median PFS was 1.9 months and the median survival
3.9 months, and 1-year survival was 20%. It was concluded
sorafenib was not effective in ATC patients (54).

Moreover, a combination of sorafenib and metformin
showed in vitro to inhibit the growth of ATC cells and
stem cells (55). An open-label, single-arm, multicenter,
uncontrolled phase II study investigated the effect of
sorafenib. In AT'C median overall survival (OS) was 5.0
months (95% CI, 0.7-5.7) and median PFS 2.8 months
(95% CI, 0.7-5.6), [overall response rate (ORR) 0%; disease
control rate (DCR) 40%]. The authors concluded that
sorafenib could be not useful to treat ATC (56).

Another phase II study was performed in 36 patients
with metastatic, radioactive iodine-refractory TC of
follicular origin (including PTC, FTC, Hiirthle cell,
or ATC), who were treated with oral sorafenib (200 mg
twice daily) combined with intravenous temsirolimus (25
mg weekly) (57). PR was 22%, SD 58%, and progressive
disease (PD) 3%. Patients who had received any prior
systemic therapy had a response rate of 10% versus 38%
of those who had not received it. One/two patients with
ATC had an objective response (57).

Vandetanib

Vandetanib is a multiple TKI, that targets EGFR, RET
kinases, and VEGFR-2 and -3, and it has anti-angiogenetic
action. It has been approved by Food and Drug
Administration (FDA) and European Medicines Agency
(EMA) in aggressive medullary thyroid cancer (MTC)
(58,59). Vandetanib was evaluated in 1 phase III trial and 2
phase II trials in patients with advanced M'TC, showing a
clinically important antineoplastic activity (58,60,61).

In ATC xenografts it has been reported vandetanib
reduces the tumor mass (up to 60%), and the vascularization
of the neoplasm, in association with a reduced EGF-R/
VEGF-R2 activity (62).

A randomised, double-blinded, phase II trial was done
in locally advanced or metastatic DTC patients (63)
(ClinicalTrials.gov, number NCT00537095). Eligible
patients received vandetanib (300 mg per day; vandetanib
group comprised 72 patients) or matched placebo (73
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subjects). Patients belonging to the vandetanib group had
longer PES than subjects administered with placebo; median
PFS was 11.1 months (95% CI, 7.7-14.0) for vandetanib,
versus 5.9 months (4.0-8.9) for placebo (63).

Moreover, vandetanib showed antitumor and
antiangiogenic activity in primary ATC cells, decreasing
significantly cell growth, inducing apoptosis in a dose
dependent manner, and inhibiting migration and invasion.
It downregulated cyclin D1 and inhibited ERK1/2, AKT
and EGFR phosphorylation (64). In continuous cell
lines [the human 8305C and an ATC-cell line (AF)], the
proliferation was significantly reduced by vandetanib, that
induced apoptosis. Furthermore, after the subcutaneous
injection of the 8305C cells in CD nu/nu mice, xenografts
were treated with vandetanib (25 mg/kg/day), that
inhibited significantly tumor growth, VEGF-A expression
and microvessel density (64).

Sunitinib

Sunitinib is a multitarget inhibitor against VEGFR-2,
RET, c-Kit, PDGFR, FLI.T-3, and CSF-1R (65). Sunitinib
is active in vitro and in vivo in AT'C cells (66). In a phase II
trial performed in 28 DT'C and 7 M'TC patients, PR was in
28%, SD in 46%, and a CR was observed in one patient (67).

Sunitinib was proposed as salvage therapy in a patient
affected by ATC (68). A CR in the neck mass was observed
in this patient 12 weeks from the start of sunitinib (near the
2nd cycle). However, the disappearance of the neck mass
was not associated with a response in lung metastases that
remained stable during the treatment. Five months after
the beginning of the therapy with sunitinib, a fatal episode
of massive upper gastrointestinal bleeding occurred and the
patient died (68).

A phase II trial enrolled 71 patients (45 with
differentiated or anaplastic tumor: 4 ATC, 13 FTC, 21
PTG, 7 others; 26 MTC) in 1st line anti-angiogenic therapy
with sunitinib at 50 mg/d, 4/6 w. In MTC patients median
PFS and OS were 16.5 and 29.4 months, while in patients
with aggressive DTC were 13.1 and 26.4 months (69).

Lenvatinib
The oral mKI lenvatinib is directed against fibroblast
growth factor receptors-1, -2, -3, -4, VEGFR-1, -2, -3,
PDGFRD, RET and c-KIT, and it has been demonstrated
effective in aggressive DT'C (70), for this reason FDA and
EMA approved it to treat advanced radioiodine-refractory
DTC.

In vivo lenvatinib has shown antitumor activity against
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human TC in xenografts (in nude mice) of different
subtypes of TC (5 DTC, 5 ATC, 1 MTC). In these models
lenvatinib showed a strong antiangiogenic action both in
DTC and ATC xenografts (71).

The safety and efficacy of lenvatinib has been assessed in
a phase II study (clinical trial NCT01728623) in 51 patients
with radioiodine-refractory DTC (RR-DTC), MTC or
ATC, who received lenvatinib (24 mg) once daily (72).
All patients experienced one or more adverse event (AE);
1 patient had to discontinue the therapy. Median PFS
was: 25.8 months for RR-DTC; 9.2 months for MTC;
7.4 months for ATC. Lenvatinib reported a manageable
safety profile, antineoplastic activity in RR-DTC and an
encouraging effectiveness in MTC and ATC (72).

In another study, surgical treatment was done in 10/33
ATC patients, and lenvatinib was used postoperatively (73).
The patients had a lenvatinib response rate of 17.4% and
DCR of 43.5%. Hypertension was the most common AE
(91.3%). Dose interruptions or reductions were needed
owing to the onset of tumor fistulas or other AEs, and
39.1% patients discontinued the therapy due to grade 3 or
higher AEs. The median OS time was 166 days (73).

Moreover, lenvatinib showed an antineoplastic action
in primary ATC cells, significantly reducing cell growth
and increasing apoptosis (74). It inhibited migration and
invasion, and downregulated cyclin D1 and inhibited
EGFR, AKT and ERK1/2 activation. Moreover, lenvatinib
significantly reduced 8305C and AF cell (an ATC cell line)
proliferation, increasing apoptosis. After the subcutaneous
injection of AF cells into CD nu/nu mice, xenografts were
treated with lenvatinib (25 mg/kg/day) and it significantly
reduced tumor growth, VEGF-A expression and
microvessel density (74).

CLM94 and pyrazolo[3,4-d]pyrimidine derivatives
The antitumoral action of the cyclic amide CLM%4, with
VEGFR-2 and antiangiogenic action, was demonstrated iz
vitro in AT'C cells and #n vivo in xenografts in nude mice (75).
Furthermore, the antitumoral action of a pyrazolo [3,4-
d]pyrimidine compound (CLM3), with antiangiogenic
activity, and able to inhibit EGFR, VEGFR-1, and the RET
TK, was reported in primary AT'C cells and in human ATC
continuous cells. CLM3 (76,77) can inhibit the proliferation
of primary ATC cells, it induces apoptosis, and inhibits the
activation of ERK1/2, EGFR, AKT, and cyclin D1, and
decreases the microvessel density. The results demonstrated
that CLM3 is effective in ATC, opening the doors to next
clinical evaluations (77).
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Moreover, the antitumor activity of 2 “pyrazolo[3,4-d]
pyrimidine” compounds (CLM29 and CLM24) that inhibit
the RET TK, EGFR, VEGFR, and have antiangiogenic
effect, was studied in primary AT'C cells and in 8305C. The
BRAF V600E mutation was detected in 3 ATC samples;
CLM29 and CLM24 inhibited the cell growth both in
ATC tumors with and without the BRAF V600E mutation
in a similar manner. In primary ATC cells, migration and
invasion were inhibited by CLM29 (P<0.01) (78).

EGFR patbway inhibition

Gefitinib, a low molecular weight compound, inhibits
EGFR TK reducing the TC cell growth and it enhances the
ionizing radiation antiproliferative effect on D'TC and ATC
cells (79,80).

A paper by Nobuhara et 2/. (81) investigated the
expression of EGFR in ATC cell lines. All the considered
ATC continuous cell lines expressed EGFR. In the ACT-
1 cell line, specific EGFR stimulation showed significant
phosphorylation of ERK1/2 and Akt, stimulating the
proliferation of these cells, that highly expressed EGFR.
Gefitinib inhibited such proliferation. Moreover, gefitinib
inhibited dose-dependently the growth of xenografts in
mice. Inhibition of EGFR-transmitted growth stimulation
by gefitinib was clearly observed in ATC cell lines.

A phase II trial was carried on in metastatic patients
with aggressive TC (among whom 18 DTC) with (250 mg/
daily) gefitinib. The results showed reduction of the tumor
volume in 32% of padients (with no PR), SD at 3 months in
48% of patients, the OS was 17.5 months, and median PFS
was 3.7 months. The authors suggested that gefitinib has no
significant effect in monotherapy (82).

The continuous ATC cell line 8505¢ was treated with
baicalein or docetaxel alone or combined (83). Proliferation
was significantly inhibited and apoptosis was induced in
comparison to the monotherapy. The combined therapies
significantly inhibited the expression of E-cadherin, Bax,
caspase-3, TGF-B1, VEGF, mTOR and N-cadherin, but
decreased the expression of Bcl-2 and the phosphorylation
of ERK and Akt. The Authors concluded that in ATC
baicalein enhances the anticancer effect of docetaxel (83).

Targeting BRAF
Dabrafenib and its combination with trametinib

Nowadays a novel treatment for cancers harboring BRAF is
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represented by dabrafenib, a BRAF inhibitor. Unfortunately,
many clinical trials showed that BRAF-positive tumors
develop resistance to this new drug within 6 to 7 months,
and to overcome this issue, the BRAF inhibitor dabrafenib
has been administrated together with the MEK inhibitor
trametinib (84).

The effectiveness of inhibiting the activated RAS/
RAF/MEK pathway in ATC cells was investigated in
4 human ATC cell lines (ACT-1, OCUT-2, OCUT-
4 and OCUT-6) (85). Dabrafenib downregulated MEK/
ERK phosphorylation and inhibited the viability in
BRAF mutated cells by G0/G1-arrest. Upon treatment
with dabrafenib, upregulated phosphorylation of MEK
was shown in RAS mutated cells leading to VEGF
upregulation. Trametinib, via the downregulation of ERK
phosphorylation, inhibited cell viability. In the 4 ATC cell
lines, dual blockade by both inhibitors showed cytostatic
effects (85).

In 2014, the combined therapy with dabrafenib and
trametinib has been approved by FDA for BRAF V600E/
K-mutant metastatic melanoma (86). Two cases of BRAF
V600E-positive ATC receiving the BRAF inhibitor
dabrafenib were reported by Lim ez /. (87). The first
patient had a T4bN1bMO ATC and was a woman of 49
years with metastatic disease 8 weeks after chemoradiation
therapy, administered with dabrafenib. One month later,
FDG-PET scan reported a CR. Nevertheless, the therapy
was withdrawn owing to disease progression, and death
occurred after 11 months from the diagnosis. The other
subject was a man of 67 years with a T4aN1bMO0 ATC, who
received dabrafenib, halving the tumor size after 10 days of
therapy. Owing to disease progression, death occurred after
11 months from the diagnosis. It was shown that BRAF
inhibitor monotherapy can achieve short clinical benefits in
ATC. In mice, models of BRAF V600E-positive AT'C have
shown a significant improved survival when treated with
combined dabrafenib and trametinib comparing to a BRAF
inhibitor alone (87).

Another study reported the case of a woman of 81 years
with a growing neck mass (88). At the beginning, a
diagnosis of MTC was made and she underwent to total
thyroidectomy. ATC was then diagnosed. Her tumor
harbored a BRAF V600E mutation and she received
EBRT. Progression in the neck and lung metastases were
reported after 4 months from the initial diagnosis. Then
she received other 24 Gy of EBRT to the neck, followed by
pazopanib. The disease progressed rapidly in the neck and
lung masses, and owing to the urgency to start treatment,
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dabrafenib and trametinib were used in liquid formulation.
She started dabrafenib (150 mg twice/day) and trametinib (2
mg/day), and the pressure in her neck diminished 2 weeks
after. One month after starting dabrafenib and trametinib,
a strong treatment response in the neck and lungs was
shown, and such response was sustained after 4 months of
follow-up. Hypothyroidism occurred while on treatment,
together with fatigue, weakness and edema, and the therapy
with dabrafenib and trametinib was reduced, but without
significant clinical benefit. After 6 months, owing to disease
progression, the treatment was stopped and the patient died
quickly (88).

Another study reported the effect of dabrafenib and
trametinib in ATC patients with BRAF V600E mutation,
with an ORR of 69% (95% CI, 41% to 89%), and 7
ongoing responses. Dabrafenib + trametinib had a strong
clinical activity in these patients and a good tolerance (89).

Moreover, a subject with unresectable, end-stage,
locally advanced ATC received combined dabrafenib
and trametinib (90). At progression, immunotherapy
with pembrolizumab was conducted and a PR was
reached, allowing a complete surgical resection, and then
postoperative chemoradiation (90).

The paper by Subbiah er /. (89) led to the approval
from FDA (on May 2018) of this combination of drugs
for patients with BRAF V600E mutated ATC with locally
advanced, unresectable, or metastatic ATC with no
locoregional treatment options.

A recent paper was conducted in 16 patients with
advanced AT'C (91). Ten/sixteen received lenvatinib, while 6
BRAF mutated patients were administered with dabrafenib/
trametinib. This last group had improved survival versus
those who received lenvatinib. For all patients, median
OS was 6.3 months (95% CI, 1.8-7.6), for the lenvatinib
and dabrafenib/trametinib subgroups, 3.9 and 9.3 months,
respectively. For all patients, median PFS was 3.7 months
(95% CI, 1.8-7.6), for the lenvatinib and dabrafenib/
trametinib subgroups, 2.7 and 5.2 months, respectively (91).

Vemurafenib

The FDA approved also vemurafenib for the treatment
of patients with metastatic melanomas harbouring BRAF
V600E mutation. In fact, this small compound can inhibit
the enzymatic activity of BRAF, blocking the MAPK
pathway.

In a phase I study, three D'T'C patients were enrolled and
treated with vemurafenib. One had a PR while the other
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two obtained a SD (92). In a mouse model, vemurafenib
suppressed growth of BRAF-mutated human ATC (93). A
marked response to vemurafenib in a 51-year-old man with
BRAF-mutated ATC has been described showing a nearly
total eradication of metastatic disease (94). A further study
demonstrated a significant effect of vemurafenib in an ATC
patient with the BRAF V600E mutation (95).

Another paper described a 51-year-old man with BRAF-
mutated AT'C, in whom the physical examination revealed
thyroid masses and jugulodigastric lymphadenopathy, and
direct laryngoscopy reported unilateral vocal cord paralysis
and diffuse supraglottic edema (96). The diagnosis was of
ATC associated with PTC. On days 4 and 10, the patient
received low, radiosensitizing paclitaxel (45 mg per square
meter of body-surface area) and carboplatin (at an area
under the curve of 2). The patient experienced progressive
dyspnea, and CT reported worsening pulmonary infiltrates
and nodules. On day 10, the patient started the therapy
with vemurafenib (960 mg orally twice daily). His condition
improved rapidly, and on day 14 radiation therapy to the
neck and upper mediastinum were done. On day 16 he was
discharged from the hospital, in therapy with vemurafenib.
The BRAF V600E mutation (T'1799A) was detected by real-
time polymerase-chain-reaction assay. On day 38 18F-FDG-
PET and CT of the chest reported a nearly total clearing of
metastatic disease (96). However, a recent paper in an ATC
patient showed only a transient initial response (97).

One hundred twenty-two patients with BRAF V600
mutation tumors, including 7 with ATC, were evaluated by
another paper. Anecdotal responses were reported among
patients with AT'C (96).

Targeting PPARY

PPARY are nuclear hormone receptors (98) and their
activation induces antineoplastic (99) effects in different
cancer cells. PPARy activatory ligands have been shown:
(I) to have antiproliferative action on PTC cells, inducing
apoptosis (98); (II) to prevent in nude mice distant
metastasis of BHP18-21 tumors (98); (IIT) to induce
redifferentiation of dedifferentiated T'C cells (100-102).
Human ATC cells overexpressed PPARy, and once activated
it inhibits invasion and proliferation, and it induces
apoptosis (103-105). The PPARy agonist rosiglitazone
showed to induce redifferentiation in ATC cells (104).
Furthermore, rosiglitazone or pioglitazone inhibited the
proliferation in primary ATC cells (106,107).

The effect of efatutazone (a PPARy ligand; 0.15, 0.3,
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0.5 mg twice daily) and paclitaxel (every 3 weeks) was
investigated in 15 AT'C patients. The median progression
time and median survival were 48 and 98 days, respectively,
in patients receiving efatutazone (0.15 mg), and 68 and 138
days, respectively, in those administered with efatutazone
at the dose of 0.3 mg. The authors suggested that paclitaxel
combined with efatutazone were tolerated and effective (108).

Targeting PD-1 and PD-L1

BRAF, KRAS, EGFR mutations and protein overexpression
of C-KIT and PD-L1 were assessed in AT'C. Among the
13 ATC patients, 23% had BRAF V600E mutation, and 1
(8%) patient had C-KIT overexpression. PD-L1 expression
was reported in 3 (23%) patients. KRAS codon 12/13 and
EGEFR exon 18, 19, 20 and 21 were all wild type (WT).
The authors concluded that protein kinase inhibitors and
immunotherapy could be adjuvant therapies for AT'C (109).

A study investigated PD-L1 effect, and of the anti-
PD-L1 antibody immunotherapy, alone or combined with a
BRAF inhibitor, on TC regression and intratumor immune
response (110). TC cell lines and tumor samples from
patients with BRAF V600E-positive tumors have higher
levels of PD-L1 than either BRAF WT tumors or matched
controls. The immunocompetent mice B6129SF1/] were
randomized to PLX4720 (a BRAF inhibitor), control, anti
PD-L1 antibody or both the combined treatments, after the
implantation of syngeneic 3747 BRAF V600E/WT P53™
murine cancer cells. Combining PD-L1 antibody and
PLX4720 improved markedly the tumor shrinkage and it
increased tumor infiltrating lymphocytes. Clinical trials
of this therapeutic combination could be useful in ATC
patients. Proper clinical trials are needed to explore this
potential new therapeutic strategy (110).

Furthermore, it was evaluated, in 12 AT'C patients at
progression, the combination of pembrolizumab and kinase
inhibitors. PR was of 42% of patients, SD 33% and PD
25%. From the start of kinase inhibitors, median OS was
10.43 months (range, 5.4-40 months). From the start of
pembrolizumab, median OS and PFS were 6.93 months (range,
3-15.9 months) and 2.96 months (range, 0.57-13.14 months),
respectively (111).

Targeting TERT mutations

Targeting the telomerase complex has been shown effective
in preclinical studies, but a lower performance and high side
effects were reported in clinical trials (112,113). The use of
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Bromodomains and Extraterminal inhibitors (BET1) drugs to
indirectly target telomerase has been proposed (114). BETi
can directly reduce TERT expression through the inhibition
of BRD4 transcriptional activity, but it can also indirectly
induce its transcription by repressing other BRD4-dependent
transcription factors (i.e., c-Myc). Moreover, the involvement
of BRD4, and HDAC (that also controls histone acetylation
at the telomere level), in telomere regulation suggests the
use of epigenetic drugs [i.e., BETi and HDAC inhibitors
(HDACI)] to ameliorate the outcomes of telomerase-
inhibiting compounds. When these therapies are used alone,
they do not have substantial effects in clinical trials (115),
while combined with other compounds they showed
encouraging results (116). The potential effects, on TERT
expression and telomeres regulation, of BETi and HDACi
combined with telomerase inhibitors could improve their
effectiveness.

Cancer stem cell (CSC)-targeted therapies

Many studies have suggested that among tumors with
a slow cycling rate, there is a little biologically distinct
subpopulation of tumoral cells (namely CSCs), able to
regulate self-renewal and multilineage potential, explaining
recurrence, metastasis, and resistance to therapy.

This “stem cell niche” grows iz vitro as spheres, and
sometimes show radio/chemo-resistance, harbouring a
molecular profile similar to embryonic and/or adult CSCs.
New therapies able to target CSC cell membrane markers,
or signaling pathways, which modulate CSC initiation and
growth, have been developed (117).

Different intracellular signal transduction pathways are
determinant mediators of thyroid CSC biology: (I) insulin-
like growth factor (IGF)-1/II and IGF-IR is expressed
by PTC spheres, and the number and size of spheres
increase when this signaling pathway is stimulated (118);
(IT) certain ATC cell lines (BCPAP, KAT-18, and SW1736)
have an activated sonic hedgehog (Shh) pathway, and its
inhibitors inhibit ALDH activity and the formation of
thyrosphere (119); (III) in ATC-CD133" cells, targeting
STAT?3 pathway by cucurbitacin I (a JAK-STAT inhibitor)
diminishes self-renewing and radiochemoresistance (120).

As with the other subtypes of TC, the ATC
pathogenesis is still unclear. Traditional treatments act
against mature cancer cells, but they do not eradicate
thyroid CSCs. After a cytotoxic injury, CSCs repair DNA
damage, restoring the previous tumoral burden. This is
the reason why it is crucial to synthetize new compounds
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against thyroidal CSCs (121).

Possible strategies to destroy thyroid CSCs and bypass
radio/chemo-resistance may involve the following:
promoting the increase of sensitization of CSCs directly
by agents able to kill exactly CSCs or to promote their
differentiation; blocking specific CSCs signaling pathway
components [i.e., ABC subfamily G member (ABCG)2
and ABCB1, SOX2, STAT3, c-Met, CD44, RET]; and
destroying CSC niches. More researches are needed to
understand the biology and molecular mechanism of thyroid
CSC survival, in order to define adequate therapeutic
targets to obtain a complete T'C eradication (122).

CD47 regulates distinct signalling systems linked to
cancer biology, in particular CSC self-renewal, and tumor
progression. It regulates tumor growth together with
thrombospondin-1 (TSP-1) (123). CD47 is a “don’t eat
me” signal, preventing tumor cells from phagocytosis
through the binding to signal regulatory protein alpha on
macrophages (124). A paper assessed 19 primary human ATC
for macrophage markers, CD47 expression, and immune
checkpoints by immunohistochemistry. Human AT C samples
were markedly infiltrated by tumor-associated macrophages,
and expressed CD47. ATC tissues expressed PD-1 and PD-
L1. The block of CD47 promoted the phagocytosis of ATC
cell lines by macrophages in vitro. The Authors concluded
that targeting CD47, or CD47 in combination with PD-1,
could ameliorate the outcomes in AT'C (124).

Personalization of targeted therapy

Since the introduction of new genetic patient-specific
tests, personalized therapies have become more available.
Moreover, an in vitro screening technique involving primary
tumor cells collected from each patient (125) can predict
clinical activity to specific targeted drugs in vive, with a 60%
positive predictive value, and a 90% of negative predictive
value (126). Therefore, thanks to these new tools, it is
possible not to administer ineffective or even dangerous
therapies in patients (127).

Several preclinical models have been considered as
encouraging platforms for the development of precision
medicine applications. Primary cultures obtained from solid
tumors have gained significant importance in personalized
cancer therapy (128).

The use of primary TC cells from patients has been
complex until now because of their establishment from
surgical biopsies. To date, ATC primary cells have been
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obtained directly from fine-needle aspiration cytology
(FNAC), avoiding the more challenging collection from
surgical biopsies, in order to test iz vitro the sensitivity in
every subject to different treatments (106,107,129,130).

Recently, the antineoplastic effect of lenvatinib and
vandetanib has been shown in primary cells in 6 ATC
patients, established from biopsy or FNAC (131).
Lenvatinib and vandetanib reduced significantly the
proliferation in primary cells from FNAC, and from
biopsy, compared to control, and the percentage of
apoptosis increased dose-dependently in both the primary
cells. Primary cells from FNAC, or biopsy, had a similar
sensitivity to lenvatinib and vandetanib, that are effective
in reducing cell growth, increasing apoptosis in AT'C. The
possibility to test the sensitivity to different TKIs in each
patient could open the way to personalized treatments (131).

Moreover, patient-derived xenografts are considered
the strongest and most evaluated experimental platform
for the development of precision medicine applications. A
paper evaluated the expression of sodium iodide symporter
(NIS) and radioiodine up-take (RAI-U), and the efficacy
of sorafenib, selumetinib and the HDACi panobinostat
in patient-derived tumor tissue (PDTT) of ATC/poorly
differentiated thyroid cancer (PDTC) (132). Panobinostat
had the highest cytotoxic effect (10 nM) in PDTTs and
human foreskin fibroblasts (controls) and it led to a
significant overexpression of NIS transcript. TKIs up-
regulated NIS transcript in patient 5 and in controls. After
24 h of treatment with TKIs and panobinostat, RAI-U was
up-regulated in all PD'T'T and controls, except in patient 5.
Selumetinib suppressed significantly High Mobility Group
AT-Hook 2 (HMGA2), a well-known non-transcription
factor with oncogenic properties, in PDTT 1, 2, 4, 5 and
controls, while sorafenib did not change the HMGA2
expression. Panobinostat induced a significant suppression
of HMGA? in PDT'T 2, 4 and controls. The expression of
miRNAs hsa-miR-146b-3p, hsa-let-7f-5p, hsa-miR-146b-
5p and has-let-7b-5p was modulated in a heterogeneous
manner. After 24 h of treatment with selumetinib,
sorafenib and especially panobinostat, NIS protein level
was overexpressed in 3 PDT'Ts (patients 1, 3 and 4), while
controls had a stable NIS protein level. Panobinostat had
the highest cytotoxicity in all treated PDT'T5 at the lowest
dosage. For these reasons, the establishment of PDTT
could be useful to evaluate the efficacy of compounds and
to develop novel and personalized multimodal treatment
options for PD'TC and ATC (132).
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Conclusions

To date the mainstay treatment for ATC is based on
debulking surgery, accelerated hyperfractionated EBRT, and
chemotherapy, in particular with cisplatin or doxorubicin.

Novel chemotherapies able to target the molecular
pathways at the basis of AT'C aggressiveness and progression
are under evaluation. Survival ameliorated in patients with
aggressive T'C receiving lenvatinib, showing 10.6 (3.8-19.8)
months of median OS (72).

Furthermore, the recent introduction of innovative and
not expensive diagnostic tools, such as individual mutational
testing and iz vitro evaluation of the patient ATC cells,
makes more feasible a real tailored therapy, in order to
increase the therapeutic success and to avoid the use of
ineffective and harmful treatments.

Furthermore, recently a great attention has been given to
the epigenetic alterations underlying thyroid carcinogenesis,
including those that drive PDTC and ATC (133).
Dysregulated epigenetic candidates are KM'T2D, multiple
non-coding RNAs, the SWI/SNF chromatin-remodeling
complex, PTEN, RASSF1A, and the Aurora group. Better
knowledge of the signaling pathways affected by epigenetic
dysregulation could ameliorate prognostic testing and
support the advancement of thyroid specific epigenetic
therapy.

The results of clinical trials with dabrafenib and
trametinib led to the approval from FDA of this
combination for patients with BRAF V600E mutated ATC
with locally advanced, unresectable, or metastatic AT'C. The
anti-PD-L1 antibody immunotherapy, alone or combined
with a BRAF inhibitor, has been shown also promising in
the treatment of ATC. More researches are needed to find
effective therapies for this fatal cancer.
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