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Abstract
Anaplastic thyroid cancer (ATC) is an infrequent thyroid tumor that usually occurs in elderly patients. There is often a his-
tory of previous differentiated thyroid cancer suggesting a biological progression. It is clinically characterized by a locally
invasive cervical mass of rapid onset. Metastases are found at diagnosis in 50% of patients. Due to its adverse prognosis,
a prompt diagnosis is crucial. In patients with unresectable or metastatic disease, multimodal therapy (chemotherapy and
external beam radiotherapy) has yielded poor outcomes with 12-month overall survival of less than 20%. Recently, sig-
nificant progress has been made in understanding the oncogenic pathways of ATC, leading to the identification of BRAF
V600E mutations as the driver oncogene in nearly 40% of cases. The combination of the BRAF inhibitor dabrafenib (D)
and MEK inhibitor trametinib (T) showed outstanding response rates in BRAF-mutated ATC and is now considered the
standard of care in this setting. Recently, it was shown that neoadjuvant use of DT followed by surgery achieved 24-month
overall survival rates of 80%. Although these approaches have changed the management of ATC, effective therapies are
still needed for patients with BRAF wild-type ATC, and high-quality evidence is lacking for most aspects of this neopla-
sia. Additionally, in real-world settings, timely access to multidisciplinary care, molecular testing, and targeted therapies
continues to be a challenge. Health policies are warranted to ensure specialized treatment for ATC.

The expanding knowledge of ATC’s molecular biology, in addition to the ongoing clinical trials provides hope for the
development of further therapeutic options.
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1 Introduction There is often a history of previous differentiated thyroid

cancer (DTC) or long-standing goiter, suggesting a biologi-

Anaplastic thyroid cancer (ATC) is an infrequent highly
aggressive thyroid malignancy composed of undifferenti-
ated thyroid cells, that usually occurs in elderly patients [1].
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cal progression. Clinically, it is characterized by a cervical
mass of rapid onset, with local invasion and compressive
symptoms. Metastases are found at diagnosis in nearly 50%
of patients [2]. Because of the aggressive behavior of this
disease, a prompt diagnosis is crucial to establish therapeu-
tic options.

In selected patients with intrathyroidal disease, complete
surgical resection, followed by chemo-radiotherapy may
provide long-term survival. Nevertheless, surgery is not
feasible in most cases due to local extension. Historically, in
patients with unresectable or metastatic disease, multimodal
therapy, the combination of different cytotoxic chemother-
apy schemes and external beam radiotherapy (EBRT), has
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yielded poor outcomes, with less than 20% overall survival
at 12-months [3].

Recently, significant progress has been made in under-
standing the oncogenic pathways of ATC, primarily through
investigations using next generation sequencing (NGS).
This has led to the identification of BRAF V600E muta-
tions as the driver oncogene in nearly 40% of cases. The
combination of the BRAF inhibitor dabrafenib (D) and
MEK inhibitor trametinib (T) showed significant response
rates in BRAF-mutated ATC in a phase 2 trial [4]. Conse-
quently, in 2018, the Food and Drug Administration (FDA)
approved this combination for patients with unresectable or
metastatic BRAF-mutated ATC. Still, most patients do not
achieve complete responses (CR), and ultimately, resis-
tance to BRAF inhibition often develops. Recently, it was
shown that neoadjuvant use of DT followed by surgery
achieved 24-month overall survival (OS) rates of 80% [5].
This approach represents a radical change in the treatment
for this group of patients. Nonetheless, effective therapies
are still needed for patients with BRAF wild-type ATC, and
high-quality evidence is lacking for most aspects of this
neoplasia.

The aim of this review is to discuss the epidemiology,
oncogenesis, clinical presentation, and therapy of ATC,
focusing on the latest advances and future perspectives.

2 Epidemiology

The worldwide incidence of thyroid cancer is largely driven
by an increase in papillary thyroid cancer (PTC), which is
the most common histology. Due to its rarity, information
on incidence, trends and risk factors for ATC is scarce, and
even referral centers may treat a small number of patients.
A European survey informed that 69% of 94 institutions
within the Endocrine Task Force and the Head and Neck
Cancer Group reported less than 5 patients treated per year,
and only 14% of these centers had currently ongoing clini-
cal trials [6].

ATC is a rare cancer (occurring in fewer than 15 in
100,000 inhabitants/year) [7]. It is consistently the least
common thyroid cancer across different regions, rang-
ing from 1.13 to 4% [8—10] In an international study, ATC
incidence rates were much lower, and with less geographi-
cal variation, than all other thyroid cancer subtypes [11],
despite different genetic backgrounds and lifestyles.

In most epidemiological studies, trends for incidence
rates of ATC are stable over the years [12—15]. Moderate
but declining rates were observed for ATC in most countries
in 2008-2012 [10], which may relate to changes in iodine
sufficiency status or improved treatment of DTC. Neverthe-
less, other studies have found an increase in incidence [16,
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17]. Aging of the general population (as most ATC are diag-
nosed in elderly patients), more prolonged survival of DTC
patients with structural disease (leading to dedifferentiation)
and more exhaustive inclusion of patients in databases may
explain this.

Patients with ATC are diagnosed at a more advanced age
than differentiated thyroid carcinoma (DTC). Mean age at
diagnosis of ATC is similar across different studies, rang-
ing from 68 to 73 years [16-20]. The age-specific incidence
curves for ATC show linear increase [10], with only 2% of
patients under 40 years at diagnosis [19]. The female-to-
male ratio is 1.4-2.4/1 [9, 16-18, 20], which is lower than
the proportion generally found in DTC.

Risk factors for ATC remain uncertain, as case/control
studies are lacking. A lower level of education, the presence
of goiter, and type B blood group were reported as signifi-
cant risk factors in multivariate logistic regression analy-
sis in a study from Zivaljevic et al. [21]. A meta-analysis
including 32 studies found a significantly increased risk for
ATC in obese patients [22]. A study from Sicily reported
that the incidence of ATC was significantly increased in the
provinces closest to the volcanic areas [18]; additional stud-
ies on environmental factors are needed to assess their rela-
tionship with ATC.

Despite its rarity, ATC is responsible for 19.9-38.5% of
thyroid cancer-related deaths [8, 23]. Hazard ratio for dis-
ease specific mortality is 12.65 (11.50-13.92), as compared
with PTC [24]. Moreover, for patients with ATC, the major-
ity of deaths are due to thyroid cancer and the probability of
dying from thyroid cancer during the first year is 75% [24].
The most common specific cause of death in ATC was respi-
ratory insufficiency (35%), followed by airway obstruction
(25%) and cerebral cardiovascular-related death (5%) [25].

In a study from Denmark, 1- and 5-year relative survival
showed minimal variations in patients treated from 1980 to
1984 and those treated from 2000 to 2014 (12.7 and 9.9%
vs. 17.8% and 12.2% respectively) [26]. However, a single-
institution analysis of 479 ATC showed significant improve-
ment in survival at 2 years, from 18% in 2000-2013 to 25%
in 2014-2016 to 42% in 2017-2019 group (hazard ratio,
0.50) [27], which may be related to the inclusion of rapid
access programs, routine molecular testing and neoadjuvant
therapy with BRAF inhibitors. However, this approach may
not be feasible in many institutions/countries, as technolo-
gies for molecular diagnosis and targeted therapies are not
readily available.
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3 Oncogenesis

In recent years, due to the introduction of NGS, new insights
were acquired on the molecular biology of ATC. A stepwise
progression process, from DTC to poorly differentiated thy-
roid cancer (PDTC) to ATC was recognized in a significant
percentage of cases. This is in coincidence with the history
of a previously resected DTC/PDTC or the coexistence of
DTC/PDTC foci in the surgical specimens of 20—-60% of
ATC patients [19, 28]. In these cases, both DTC and ATC
share a common origin (early mutations), but as disease
progresses, new molecular alterations (late mutations) accu-
mulate and they can be found exclusively in the ATC com-
ponent [19, 28].

ATC is a genetically complex disease, with significant
inter-patient variability. Individual tumors carry multiple
mutations, both in oncogenes and tumor suppressor genes.
Tumor mutational burden is significantly higher (median,
5—6 mutations/Mb) [19, 29, 30] than that of DTC (1 muta-
tion/Mb) [31] Nevertheless, contrary to what its clinical
aggressiveness may suggest, ATC is not a highly mutated
tumor, as the accepted criterion for high tumor mutation
burden (> 10 mutations/Mb) is found in only 6% of ATC
[29].

Early oncogenic drivers include activating mutations
and, less frequently, rearrangements of genes involved in
proliferation, survival and differentiation along different
signaling pathways, mainly MAPK and PI3K/Akt. Mutu-
ally exclusive somatic mutations (mainly BRAF V600E
and RAS) are the most frequent drivers of carcinogenesis in
DTC, and they are also found in ATC, albeit with a lower fre-
quency. BRAF mutations are found in 36-83% of PTC [32].
In recent series, BRAF mutations were present in 11-82%
of ATC [19, 29, 30, 33—37] Besides methodologic variabil-
ity, these discrepancies may suggest heterogeneity of ATC
in different races and ethnicities, highlighting the need for
further understanding of the molecular mechanisms leading
to tumorigenesis and progression.

RAS mutations, usually NRAS (most frequently exon 2,
codon 61), are found in 24-44% of ATC [19, 29, 30, 37],
rendering them the second most frequent driver mutation.
Compared to BRAF mutated ATC, tumors harboring RAS
mutations have a higher frequency of extrathyroidal exten-
sion and fewer lymph node metastases [34].

Fusion oncoprotein involving receptor tyrosine kinases,
such as NTRK and RET are relevant tumoral drivers, since
effective therapies linked to these biomarkers are available.
Nevertheless, these alterations are unusual in ATC, and they
were each reported in 0-1.5% in different series [19, 30, 33].

NFI mutations are found in 9-12% of ATC, and they
occur in BRAF and RAS wild type ATC[19, 30, 34]. EIFIAX
mutations are found in 9—14% of ATC. They were proposed

to be mutually exclusive with other alterations, however, a
coexistence with RAS mutations was reported in advanced
tumors [19, 30].

Gain of secondary aggressive molecular signatures
occur when tumors progress from well-differentiated to
high grade to ATC. Activation in gene encoding effectors
in the PIK3CA-PTEN-AKT-mTOR pathway are more fre-
quently found in ATC than in DTC and PDTC (39-44%
vs. 11-20%) [29, 30, 38]. PIK3CA alterations are found in
18% of ATC, and tend to co- occur with BRAF mutations,
while PTEN mutations are found in 15% of cases, mainly
ATC harboring NFI mutations [30]. These observations
underscore that accumulating mutations along this pathway
potentiate progression.

TP53 and TERT promoter mutations are the most com-
mon genetic alterations in ATC. Both are consistently rare
in indolent DTC, as they are considered late genomic events
associated with progression and dedifferentiation. TERT
promoter mutations were the most frequent molecular alter-
ation in ATC. They were found in 65-75% of tumors, sig-
nificantly higher than the frequency found in PDTC (40%)
and PTC (9%) [19, 29, 30]. TERT promoter mutations tend
to appear in ATC harboring BRAF/RAS mutations. Besides
being present in ATC, TERT mutations are also found in
advanced DTC and more prominently in widely invasive
follicular thyroid cancer. In patients with coexisting ATC
and well differentiated components, TERT mutations appear
in both histologies. It has been suggested that TERT pro-
moter mutations can anticipate clinical or morphological
signs of progression [39]. TERT mutations are associated
with shorter OS; prognosis is even more adverse when
TERT mutations coexist with BRAF/RAS mutations [19].
Mortality was also higher in patients with PDTC and ATC
with concurrent TERT and PIK3CA mutations [38].

Inactivating mutations of 7P53 (a tumor suppressor gene
involved in the control of cell cycle and apoptosis) can be
found in 54-73% of ATC [19, 29, 30, 34]. They are consid-
ered a final step in tumor progression, as they are almost
never found in DTC. In cases of coexisting DTC and ATC,
TP53 mutations are limited to the ATC component. The
presence of 7P53 mutations was an independent predictor
of disease progression, and was associated with reduced
progression free survival (PFS) in BRAF mutated ATC
treated with BRAF inhibitors [34].

Other genomic alterations found in ATC include muta-
tions of the histone methyltransferase (19-24%), genes
encoding components of the chromatin remodeling complex
SWI/SNF (18-36%) of ATC, DNA MMR genes 12-22%, B
catenin-Wnt pathway CTNNBINF1 mutation in 10%, and
NF?2 mutation in 9% [29, 30, 40].

ATC often have aneuploidy [29, 30] showing an abnor-
mal number of chromosomes due to gain and loss, both of
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whole chromosomes and fragments. Loss of chromosome
1q, 13, and 17 and amplification of chromosomes 2p, 5, 7,
11p and 20 were described in a study by Lu et al in which
aneuploidy and genome-wide copy number alteration were
found in 67% of 15 ATC samples assessed [41].

The relevance of the improved knowledge of oncogen-
esis of ATC resides in the potential benefit that at least a sub-
group of patients may obtain from receiving commercially
available targeted therapies and the inclusion in basket clini-
cal trials. In this regard, current management guidelines
from National Comprehensive Cancer Network (NCCN),
American Thyroid Association (ATA), American Head and
Neck Society Endocrine Surgery Section and International
Thyroid Oncology Group, and European Society of Medical
Oncology (ESMO) recommend testing for BRAF and other
targetable alterations [42—45].

Programmed cell death protein 1 (PD-1) is an inhibitory
receptor expressed on T cells, B cells, dendritic cells, mono-
cytes and natural killer cells. The interaction of PD-1 and
PD-L1 results in down regulation of effector T cell response
and immune tolerance, leading to the escape of tumoral
cells from the immune system, and evidence suggests a role
of this pathway in ATC. PDL-1 expression is elevated in
tumoral cells in ATC, ranging from 22 to 81%, therefore
rendering this tumor as a potential target for therapy with
immune checkpoint inhibitors [46—50]. In a German study,
PD-L1 tumor proportion score > 50% was found in 42% of
ATC [51]; mean PDL-1 expression was significantly higher
in ATC than in PDTC and DTC [46, 51, 52]. High expression
of PD-1 was found in the inflammatory cells in the tumoral
environment and it was significantly associated with worse
OS [49]. No association was found between mutation status
and PD-L1 expression in the study of Bastman et al. [48].

Tumoral microenvironment includes immune cells,
fibroblasts and endothelial cells; this microenvironment
has been shown in cell models to influence tumor behav-
ior, progression and response to therapy. Tumor associated
macrophages comprise over 50% of ATC infiltrated cells.
ATC are extensively infiltrated with type 2 macrophages
Fig. 1 Main oncogenic pathways

involved in ATC. ! Adapted from
Baloch et al., 2022

(which are anti-inflammatory and pro tumoral), forming a
network encircling tumor cell; this was not found in DTC
[53]. Cell line models of ATC evidenced that co culture with
type 2 macrophages facilitates dedifferentiation, prolifera-
tion, migration, and invasion in thyroid cancer cells through
secretion of WNT1, WNT3 [54] and IGF [55]. Moreover,
ATC with abundance of macrophages show a poorer out-
come [56]. Targeting the microenvironment could poten-
tially offer therapeutic benefits, however this approach is
yet to be examined.

A scheme on the oncogenic pathways of ATC is shown
in Fig. 1 [57].

4 Diagnosis
4.1 Clinical features
4.1.1 Disease presentation and symptoms

Most ATC are considered to arise from pre-existing DTC,
while some originate de novo from pre-existing multinodu-
lar goiters [58—60]. Nearly 20—60% of patients with ATCs
have a history of DTC or a coexistent thyroid carcinoma
(mainly PTC) [19, 28].

Nearly all patients present with a rapid enlargement
(within a few days or weeks) of a thyroid mass causing neck
pain and tenderness [20, 28, 61]. Most cases show regional
spread into the perithyroidal fat and muscle, lymph nodes,
larynx, trachea, esophagus, and great vessels of the neck
and mediastinum. This may lead to dyspnea (in 35% of
cases), dysphagia (30%), hoarseness (25%) and cough with
or without hemoptysis (25%). Distant metastases at disease
presentation are found in 15 to 50%, being the lungs the
most common site (90%) [20, 28]. Other sites of metastases
are bone (5-15%), brain (5%), skin, pancreas, liver, kidney,
and adrenal glands (less than 5%). These patients often pres-
ent with constitutional symptoms such as fatigue, anorexia,
weight loss, or fever of unknown origin [28].

Follicular . . High grade Anaplastic
) | Diferentisted ol thyoid
cancer cancer
Early driver changes Late molecular events
* BRAF V600E- like
BRAF V600E mutations ;zzl.’(./ AKT/PTEN TP53
Others (gene fusions in ALK, BRAF, RET, Others

NTRK1/3, and MET)

* RAS-like

Cell-cycle gene mutations/deletions (CDKN2A, CDKN2B, CCNE1)
SWI/SNF chromatin remodeling complex mutations
NF1, NF2 mismatch repair gene mutations

BRAF (N,H,K ) mutations
Others (BRAF K601E, DICER1, EZH1,
EIF1AX, and PTEN mutations; gene fusions in

PPARG and THADA)

* Non- BRAF/-Non-RAS-like
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4.1.2 Physical examination

The thyroid mass is typically firm and fixed to underly-
ing structures on physical examination. The presence of a
fluctuant area in a large goiter may indicate tumor necrosis
[62]. The skin in the neck can be erythematosus or ulcer-
ated. Retrosternal growth can lead to venous dilatation and
superior vena cava syndrome. Lymph node enlargement can
be detected in up to 50% of cases [20, 28, 61].

4.2 Imaging

The relevance of diagnostic imaging in patients with sus-
pected ATC relies in the assessment of the extent of disease,
determination of resectability criteria, initial therapeutic
approach, and response to treatment. Thyroid ultrasonogra-
phy is a rapidly accessible initial imaging modality for the
evaluation of a cervical mass because it is easily available
and serves as a valuable tool for percutaneous biopsy. The
sonographic appearance of ATC is nonspecific and typically
presents as a large, heterogeneous, hypoechoic, solid mass
with vascularity [63]. On the other hand, given that patients
present a rapidly growing mass with mechanical compres-
sion of the aerodigestive tract and/or distant metastases
typically at the onset of the disease, cross-sectional imaging
is crucial for disease staging and prompt therapeutic deci-
sion-making. Therefore, computed tomography (CT) scans
of the neck, chest, abdomen and pelvis provide accurate
visualization of the extent of the thyroid tumor and enables
the detection of tumor invasion into major vessels and the
upper acrodigestive tract as well as distant metastases [64].
Typical findings consist of large necrotic masses involving
both lobes of the thyroid, with a density similar to or slightly
higher than that of skeletal muscle, poorly defined margins,
extrathyroidal extension, and prominent calcifications and
necrosis with heterogeneous attenuation [64, 65]. Magnetic
resonance imaging (MRI) is also valuable for determining
the local extent of the disease and identifying distant metas-
tases, especially for excluding brain metastases at diagnosis
[43, 66]. If readily accessible, a whole-body PET-CT scan
with 18-fluorodeoxyglucose ('*FDG) should be conducted
as the initial staging image [43]. Typical findings include
hypermetabolic tumor activity characterized by intense
FDG uptake in the primary tumor, as well as in cervical
and mediastinal lymph nodes, and distant metastases [67].
A recent study demonstrated that the use of 'SFDG PET-
CT changed the therapeutic approach in 8 out of 16 patients
with ATC at the time of disease diagnosis, as indicated by
negative or inconclusive results from other imaging studies
[68]. Furthermore, its use can aid in distinguishing post-sur-
gical changes or residual masses following chemoradiother-
apy in patients with a history of prior treatment for DTC

or multinodular goiter, from specific findings of ATC itself.
Besides, a negative PET scan after completed therapy may
suggest extended survival [68]. Laryngoscopy is mandatory
to adequately assess local extension.

In summary, it is advisable to undergo neck ultrasound,
PET/CT with '"®FDG, and either a brain MRI or CT for the
initial assessment of disease extent. Assuming that PET
imaging is likely to complement other cross-sectional imag-
ing modalities, especially when ultrasound, CT, and MRI
yield negative or inconclusive results, cross-sectional imag-
ing of the brain, neck, chest, abdomen, and pelvis using CT
or MRI can provide adequate staging information when
PET/CT scans are not readily available or when delays are
expected. In this regard, it is preferable to move forward
with the available imaging modalities [43, 68].

Figure 2 displays the main imaging findings observed in
patients with ATC.

4.3 Biopsy

As previously mentioned, the swiftly advancing and life-
threatening nature of ATC requires an expeditious and con-
clusive diagnosis to ensure prompt intervention. Achieving
an accurate diagnosis entails conducting thorough histo-
pathologic and immunohistochemical analyses, in addition
to molecular testing especially when contemplating thera-
peutic approaches [61]. The acquisition of a sufficient tumor
sample assumes a crucial role in facilitating this diagnostic
precision, and while fine-needle aspiration may yield advan-
tages in specific instances, surgical/core biopsy emerges as
the optimal choice, conferring the most substantial benefits
[1, 19].

4.3.1 Pathology and immunohistochemistry

ATC is characterized as a highly aggressive tumor consisting
of undifferentiated cells that exhibit certain characteristics of
epithelial origin upon examination of their morphology and
immunohistochemistry (IHC) [69]. ATC samples display
diverse and heterogeneous histologic features, including
epithelioid and squamous morphology, giant cells, pleomor-
phic morphology, osteoclast giant cell-rich morphology, and
the most prevalent histotype, spindle cell morphology [19,
61]. It is common for ATC to exhibit multiple cytomorpho-
logic features, most frequently the combination of spindle
cell and giant cell [19].

In the previous version of the WHO classification [69],
squamous cell carcinoma (carcinoma composed almost
entirely of squamous cells without a DTC component) was
considered a distinct category. However, in the current edi-
tion, it is now categorized as a subtype of ATC [57]. The fol-
licular origin of the tumor can be confirmed by examining
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Fig. 2 Illustrative images high-
lighting clinical and imaging
features in ATC

1. Sixty-two-year-old female
patient with ATC(1.A,
1.B)Pictures of the patient s
large cervical mass adhered to
deep planes with deviation of the
midline and extending towards
the left side of the neck. Note the
prominent skin distension and
changes in pigmentation(1.C,
1.D)Axial view of CT scans of
the neck shows a 12x 10x 8 cm
necrotic mass involving both
lobes of the thyroid gland, pre-
dominantly on the left side, with a
density similar of skeletal muscle,
marked extrathyroidal exten-
sion to local structures, tracheal
deviation and infiltration of the
prevertebral fascia(1.E)Axial
view of CT scans of the lung
shows 1x 0.9 cm dominant nod-
ule (arrow)

2. CT images of a 59-year-old
man with 9.2 x 6 cm ATC. Note
the heterogeneous, voluminous
mass with necrotic areas and
gross calcifications infiltrating:
(2 A)tracheal lumen, (2B)cervical
spine, and(2 C)upper
mediastinum

the immunohistochemical expression of thyroid transcrip-
tion factor 1 (TTF-1) and PAX-8 [1]. Generally, the progno-
sis of squamous cell carcinoma appears to be similar to that
of ATC, which justifies its inclusion as one of its morpho-
logical subtypes [1, 57].

ATCs are characterized by infiltration of adjacent thyroid
and surrounding tissues, as well as invasion of lymphatic
and blood vessels. All ATCs exhibit a high degree of cellular
proliferation which is expressed by high mitotic rates (> 1
mitoses per high-power field) and elevated Ki-67 prolifera-
tion indices (typically near 30%, but often higher) [19, 70].
Atypical mitoses are frequently observed. Confluent areas
of tumor necrosis are common, particularly visible in resec-
tion specimens and large biopsies [61], which can compli-
cate the diagnostic process. On the other hand, the diagnosis
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of ATC becomes straightforward when a coexistent DTC
is identified alongside an undifferentiated component [61].
Therefore, extensive tissue sampling of resection specimens
is recommended to increase the chances of detecting the dif-
ferentiated component, which is often a minority [43].

IHC plays a crucial role in the diagnostic evaluation of
ATC. Typically, thyroid-specific proteins like thyroglobulin
and thyroid-lineage markers such as TTF-1 are absent in
ATC [61, 70], reflecting its undifferentiated nature. How-
ever, around 40-60% of ATCs retain focal expression of
another thyroid-lineage marker, PAX8, providing essential
evidence of follicular cell origin and supporting a diagno-
sis of ATC within the appropriate morphological context
of an undifferentiated high-grade neoplasm [43, 61]. It is
worth noting that PAXS8 expression is not exclusive to the
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thyroid and can also occur in the kidney and Miillerian
system. Thus, renal cell and ovarian carcinomas should be
considered in the differential diagnosis (taking into account
that they rarely involve the thyroid gland) [71]. Addition-
ally, some PAXS8 antibodies can cross-react with PAXS,
a B-cell lincage marker expressed in certain large B-cell
lymphomas. Therefore, interpretation of PAX8 IHC should
take into account the morphological context and consider a
broad panel of IHC markers [43].

IHC for cytokeratins can be helpful in cases where the
epithelial nature of the neoplasm is not readily apparent
based on morphology, particularly in the spindle cell and
giant cell variants. However, the absence of cytokeratin
expression does not rule out a diagnosis of ATC [43, 61].
Ki-67 by IHC can be used to evaluate cellular proliferation
in cases where assessing proliferation through mitotic activ-
ity is challenging, for example in small biopsies.

A panel of common immunohistochemical markers for
the assessment of ATC in comparison with other thyroid
tumor types is shown in Table 1.

4.4 Molecular testing

Early molecular profiling in ATC aims to identify potential
targets that may influence therapeutic approach. Thus, it
is imperative to conduct prompt testing for BRAF V600E
mutation in order to ensure timely initiation of treatment.
This can be accomplished by employing IHC staining on
fine needle aspiration or core biopsy samples. The pur-
pose of this expedited testing is to prevent any delays in

Table 1 Panel of common immunohistochemical markers for the
assessment of ATC in comparison with other thyroid tumor types'

Immunohisto- Ana- Differ- Poorly Thyroid

chemistry plastic entiated differenti- lym-

marker thyroid  thyroid ated thyroid phoma
cancer cancer cancer

Pan-cytokeratin  +++/- +4++ +4++ -

Thyroglobulin - +++ +/- -

Thyroid tran- -/+ +++ +/- -

scription factor 1

BRAF -/+ +/- -/+ -

PAXS +/- +++ +++ +/-

Ki-67 >30% <5% 5-30% Variable

Chromogranin - - - -

Calcitonin - - - -

Carcinoembry- - - - -

onic antigen

P33 -/+ - (rare+) -/+

CDA45, other lym- - - - +++

phoid markers

+: relative positive staining; —: negative staining; +/—: variable posi-
tivity

! Adapted from Bible KC, Kebebew E, Brierley J, et al., 2021 Copy-
right © Mary Ann Liebert, Inc

the administration of treatment [72]. Furthermore, if avail-
able, it is advisable to employ NGS to examine the presence
of other potentially targetable mutations, encompassing at
least, BRAF, TSC1, TSC2, ALK fusion genes, NTRK fusion
genes, and RET fusion genes. Such mutations could be
addressed ideally through inclusion into a clinical trial or by
adherence to standard of care guidelines or a compassionate
use program [43]. When available, the outcome of molecu-
lar testing is one of the key factors used to decide the first
therapy strategy for a patient with ATC, along with staging.

5 Staging

According to a recent consensus by the American Head and
Neck Society Endocrine Surgery Section and International
Thyroid Oncology Group [44], every patient with ATC is
considered to have advanced disease, even when completely
resected or incidentally identified pathologically. This is
in agreement with the revised 8th edition American Joint
Committee on Cancer TNM classification, in which all ATC
are considered stage IV, underscoring their elevated mor-
tality rates. At variance with the previous version, the 8th
edition stratifies primary tumors using the same T catego-
ries that apply for DTC. Intrathyroidal ATC without lymph
node involvement and no distant metastases are considered
stage I'Va. Primary tumors with gross extrathyroidal exten-
sion or those with lymph node metastases are classified as
stage IVb. The presence of distant metastases assigns these
cases to stage [Vc [73].

6 Therapy

As the window of opportunity for implementing treatment
in ATC is very brief, facilitating rapid access to clinical
care is critical. A multidisciplinary team is mandatory for
its management, since virtually every patient will require
many therapeutic modalities, according to the stage of the
disease and performance status of the patient. The benefits
of rapid access to multidisciplinary care were shown in two
different studies. In Denmark [14], a fast-track program for
head and neck cancer was introduced in 2008. One-year
survival significantly improved for patients diagnosed after
the program was implemented (44.8 vs. 13.6%). Similarly,
after a protocol for rapid access to multidisciplinary care
and molecular testing was implemented in the MD Ander-
son Center in 2014, time from referral to disposition was
reduced from 8.7 to 0.5 days [74]. There was an improve-
ment in 12-month OS from 35% before rapid access to 59%
after it was implemented [27]; additionally, it allowed for
the inclusion of 34% of ATC patients in clinical trials.
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ATC was considered an orphan disease up until 2018.
Even if multimodal treatment (surgery, chemotherapy and
EBRT) appears to be associated with prolonged OS in
stage IVa/IVb tumors in retrospective studies, for stage [Vc
(which represents at least half of the population of ATC),
no clear benefit was obtained from aggressive therapy in
the majority of the patients. OS did not significantly change
over the last two decades for patients treated with conven-
tional therapies [75]. However, activity of BRAF/MEK
inhibitors on BRAF mutated ATC has dramatically modified
the management of these patients, and their prognosis has
significantly improved [5, 27].

Targeted therapies to other molecular alterations and
immunotherapy have also shown promising results in some
settings (case reports, retrospective studies). Combination
of these new agents with classic strategies such as surgery
and EBRT may provide better results in terms of survival.

6.1 Best supportive care

Even if there are promising perspectives of therapies, mor-
tality rates remain high in ATC. Delay in diagnosis lead-
ing to advanced disease is frequent and molecular testing
and/or targeted drugs may not be readily available in many
countries. Therefore, in real life practice, ATC still is a lethal
disease for the majority of cases. It is recommended that the
medical team caring for ATC patients should include pal-
liative care specialists, in order to relieve symptoms related
to end-of life situations (pain, dyspnea). Realistic perspec-
tives need to be established and consideration of patient’s
preferences regarding whether aggressive treatments will
be implemented or not is recommended. In the setting of
advanced cancer, therapies such as chemotherapy may
decrease quality of life and increase medical costs without
improving survival [76]. Likewise, desires of the patient
in terms of airway management, feeding, and hospice care
need to be discussed early in the course of the disease [77].

Nearly every ATC patient is at risk for airway obstruc-
tion. In terms of maintaining a safe airway, elective tra-
cheostomy was in the past considered a palliative option.
However, even if tracheostomy may briefly prolong sur-
vival, it significantly decreases the quality of life. Elective
tracheostomy is not currently recommended. However, this
procedure needs to be discussed with the patient and its
family, anticipating the event of acute airway distress. Since
usually patients with the most locally advanced disease are
submitted to tracheostomy, the procedure is expected to be
technically demanding, and needs to be performed in the
operating room, by an experienced surgeon, under general
anesthesia; intubation to secure the airway is mandatory
[43,77, 78]. Bleeding and growth of tumor through the inci-
sion are expected complications.
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6.2 Surgery

From a practical standpoint, surgical procedures should be
discussed after ruling out distant metastasis and carefully
assessing the extent of the tumor and its resectability in
the unusual cases in which no (or minimal) extrathyroidal
extension is found. The goal of surgery is complete macro-
scopic resection (R0O/R1), as debulking procedures (R2) are
associated with worse outcomes [79—81]. Positive margin
status is associated with increased mortality [82].

Complete resection of the disease, followed by adjuvant
therapy, is the most likely opportunity for cure in ATC with-
out aerodigestive tract invasion [42, 43]. The ATC Collabor-
ative Research Consortium of Japan retrospectively assessed
547 ATC patients, and those receiving radical surgery had
significantly improved cause-specific survival compared
with those with no surgery or palliative surgery (HR 0.35;
95% CI 0-28-0.43) [83]. Multimodal treatment (complete
surgical resection, associated with adjuvant EBRT/chemo-
radiotherapy) was significantly related to improved survival
in stage IVa and IVb tumors in a Korean retrospective study
including 329 ATC patients [84]. A systematic review of 40
studies showed earlier stages tumors have longer survival
and that surgery is the mainstay therapy for these patients
[85]. This population benefits from an aggressive therapeu-
tic approach, as multimodal therapy probably reduces the
risk of death due to local progression of ATC [75]. In a study
from Xu et al., patients with OS of 2 years or longer, had a
higher frequency of primary resection, as well as clinico-
pathologic parameters attributed to resectability [86]. The
optimal surgical strategy in patients with resectable disease
is total thyroidectomy with therapeutic lymph node dis-
section of the central and/or lateral compartments [84]. An
experienced surgical team is mandatory [42, 43, 45].

However, complete surgical resection is usually not fea-
sible, since most ATC patients present with rapidly growing
tumors infiltrating the aerodigestive tract and/or vascular
structures. In this setting, extensive surgery is not recom-
mended [43], since the morbidity of these procedures is not
acceptable in ATC due to its poor prognosis.

Of note, if extrathyroidal extension or lymph node metas-
tases are present, but RO/R1 resection may be anticipated
without extensive visceral/vascular resection, surgical
resection is recommended as well [84]. Performance sta-
tus, comorbidities and preferences of the patient should be
considered.

In the setting of distant disease, surgical resection of the
primary tumor, when feasible, also needs to be considered,
in order to avoid airway and digestive tract obstruction. In
this regard, a study of 54 patients with metastatic disease,
surgical resection was associated with improved survival in
multivariate analysis, probably due to better local control,



Reviews in Endocrine and Metabolic Disorders (2024) 25:123-147

131

as airway obstruction was significantly lower in the group
with resection [25]. Similarly, a retrospective analysis of the
SEER database from 1998 to 2015, including 433 stage [Vc
ATC found that those submitted to total thyroidectomy had
better OS vs. those with no/unknown surgery (HR=0.616)
[87].

6.3 EBRT

Morbidity in ATC is, in most cases, related to locoregional
complications (aerodigestive tract or vascular invasion).
Therefore, improving local control is extremely relevant.

No randomized studies have been performed regarding
the use of curative intent EBRT. Nevertheless, retrospec-
tive evidence consistently indicates that patients with R0/
R1 resection benefit from post-surgical EBRT.

The pooled results from a systematic review and meta-
analysis including 17 retrospective studies showed that
post-surgical EBRT reduced the risk of death vs. surgery
alone (HR 0.556, 95% CI 0.149-0.737) [88]. This analysis
included patients submitted to any type of surgery except
biopsy, therefore, RO/R1/R2 were included. In four of the
studies included, results were analyzed according to stage,
survival was improved for stage [Va and I'Vb, but not for
IVc. A retrospective analysis of the National Cancer Data
Base including 496 nonmetastatic ATC which underwent
surgery with curative intent, found that the 375 patients who
received adjuvant EBRT had a significantly longer survival
(12.3 vs. 9.1 months) [89].

Post-operative EBRT needs to be started rapidly after
patients recover from RO/R1 surgery, ideally after 2-3
weeks, and no later than 6 weeks. Intensity-modulated
radiation therapy (IMRT) is currently the standard of care,
as it allows for effective radiation dose to tumoral areas
while decreasing toxicity to adjacent normal tissues [42,
43, 45]. Most frequent adverse events (AEs) of EBRT are
mucositis and dysphagia (occurring in 13-32% of patients).
Weight loss and gastrostomy tube placement (in up to 34%
of patients) may be necessary. However, this may reflect
disease progression rather than AEs of EBRT. A higher per-
centage of patients with ATC (17% vs. 2.2% for DTC) do
not complete EBRT treatment, most frequently due to death
or transition to hospice care [90].

High dose radiation (50-70 Gy) is recommended after
surgery with the aim of maximizing locoregional control, as
higher doses are associated with improved survival [42, 43].
In a retrospective study of 32 years including 104 patients, a
dose of radiation > 60 cGy was significantly associated with
decreased risk of local progression and longer OS (10.6 vs.
3.6 months [91]. A retrospective study of 62 patients found
a radiation dose 50 cGy or higher was a predictive factor of
survival [92]. Standard fractionation schemes are currently

recommended [42, 43]. Inclusion of II-IV and VI neck areas
in the target area is recommended, as well as mediastinum
and V level [93].

In the palliative setting, for patients with R2 or unresect-
able disease, EBRT may also improve local control [43].

6.4 Chemotherapy

Several cytotoxic chemotherapy regimens have been used
in ATC, including doxorubicin, cisplatin and taxanes (pacli-
taxel/docetaxel), either alone or in combination. No direct
comparison has been made on the efficacy of each drug.

When treating patients with EBRT after RO/R 1 surgery for
stage IVa/IVb ATC, there is retrospective evidence that add-
ing a systemic agent, mainly as a radiosensitizer, improves
both survival and locoregional control. This approach is rec-
ommended for patients with appropriate performance sta-
tus, due to the significant toxicities reported [43].

In the study from Saeed et al., for completely resected
nonmetastatic ATC treated with post operative EBRT, con-
current chemotherapy was an independent predictor for bet-
ter OS (HR 0.6, 95% CI 0.5-0.8) [89]. In a study of 104
all-stage ATC patients, by Fan et al., multimodal therapy
significantly improved locoregional free survival (one year
local PFS 85.9% vs. 54.1% for those treated with other
modalities) [91].

An analysis of the SEER database including 491 ATC
patients (2004-2015) found a statistically significant
improvement in OS in cases treated with chemoradiotherapy
vs. EBRT alone (2 vs. 4 months). This benefit was observed
whether patients were submitted or not to surgery, and in
patients with local or metastatic disease [94]. Coincidently,
an analysis of the National Cancer Data Base (2004—2013)
of 858 ATC found that those treated with chemotherapy and
EBRT (67%) vs. EBRT (33%) had a significantly decreased
risk of death (HR 0.66, 95% CI1 0.57-0.77,P <.001). Median
OS was 2.6 vs. 4.7 months; 1-year OS was 14.3% vs. 25.5%;
this was maintained in a propensity score cohort. The ben-
efit was limited to patients receiving a dose 30 Gy or higher,
and with non-metastatic disease [95].

As patients treated with multimodal therapies experience
improved local control, treatment failure occurs mainly in
distant sites (up to 74%) [96]. The major cause of death in
this population is due to distant metastases, as opposed to
those not treated (or treated only with surgery or EBRT),
in which airway complications are the main cause for mor-
tality [97]. Taken together, these data suggest both that
ATC should be approached as a systemic disease, and that
aggressive multimodal therapy enhances locoregional PFS.

In patients with unresectable/metastatic disease with no
targetable alterations and good performance status who wish
aggressive therapy, the combination of EBRT and cytotoxic
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chemotherapy is the preferred approach (Fig. 3). However,
the response rates are low, and the benefit, if achieved, is
usually transient. Early initiation of “bridging” chemo-
therapy may be a useful approach until results of genomic
interrogation (allowing for the use of targeted therapies) are
available [43].

6.5 Targeted therapies
6.5.1 BRAF/MEK inhibitors

BRAFV600E mutation is the most frequently observed
actionable genetic alteration in ATC, occurring in 20-50%
of cases [98]. However, this percentage is higher when PTC
is present combined with ATC in the pathological sample
[96]. In 2017, the open label Rare Oncology Agnostic
Research (ROAR) basket trial showed that the combination
of dabrafenib (BRAF inhibitor) and trametinib (MEK inhibi-
tor) had significant clinical effects on the ATC cohort with
BRAF V600E mutation [99]. Out of 16 patients, the overall
response rate (ORR) was 69%, including one CR, and the
one-year OS rate was 80% [99]. In an updated analysis of
this trial, at the time of data cut-off (about six years) the
ORR reached 56%, with three patients archiving a CR, and
the 12-month duration of response was 50% [4]. Median
PFS and OS were 6.7 and 14.5 months, respectively [4].
Real world data was provided in a multicentric UK study
including 16 ATC patients. In this investigation, the median
PFS was 4.7 months, and the OS was 6.9 months [100].
The Argentinian experience using DT in ATC patients was
recently published, including 5 patients from four different
hospitals [101]. The best responses were CR in 40%, PR in
40% and stable disease in 20%. The median duration of best
responses was 20 weeks (95% CI 15.7-24.3) and overall
mortality was 60% at 20 weeks of follow-up [101]. Finally,
a phase 2 pilot study (NCT04238624) is being performed to
evaluate the efficacy of the addition of cemiplimab, an anti-
PD-1 antibody, to the treatment of subjects with ATC who
are no longer responding to DT [102].

The most common AEs with the combination of DT in
ATC were fatigue (33—40% of cases), fever (20-47%), nau-
sea (33—60%) anorexia (33—-80%), and anemia (25-36%) [4,
99, 101]. Grade 3/4 AEs were reported in 58% of patients
in the six-year clinical trial, most commonly anemia (19%),
pneumonia (19%) and hyponatremia (17%) [4]. In 17% of
cases, the AEs lead to permanent discontinuation of treat-
ment [4].

On May 4, 2018, the FDA approved the combination of
DT for the treatment of patients with locally advanced or
metastatic ATC with BRAF V600E mutation and with no
satisfactory locoregional treatment options.
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On the other hand, a phase 2 basket trial assessed the
efficacy of vemurafenib (another BRAF inhibitor) in BRAF
V600E mutation—positive non-melanoma cancers. This
study included seven ATC patients (5.7%) and vemurafenib
showed an ORR of 29%, with two patients achieving CR
and partial response (PR), respectively [103]. The combi-
nation of vemurafenib and cobimetinib (MEK inhibitor) is
being studied in an ongoing clinical trial on BRAF positive
thyroid cancers, including ATC (NCT05768178) [104].

The development of resistance to BRAF inhibitors can
occur through secondary mutations in the MAPK pathway
or activation of the PI3K/Akt/mTOR pathway or Hgf/Met
[105, 106]. Since this event has scarcely been reported in
thyroid cancer patients, data is insufficient to make clini-
cal recommendations at this point. Potential strategies to
combat BRAF resistance could include employing selective
inhibitors for KRASY/?C, PI3K, ERK or combining immuno-
therapy with BRAF inhibitors [105].

6.5.2 Other targeted therapies

NTRK, RET and ALK fusions can be found in less than
2-3% of ATC patients [19]. However, finding one of these
alterations might greatly impact the patient prognosis given
the high response rates reported in different basket trials
[107-109].

In 2022, a study that pooled data from three phase I/11
clinical trials of larotrectinib included 7 patients (24%) with
ATC. For the ATC cohort, the ORR was 29% and the DOR
was 50% at 12 months [107]. Additionally, in one phase I
trial of solid tumors with NTRK fusion in children, none
of the two ATC patients receiving larotrectinib progressed
after seven months of treatment [108]. Larotrectinib and
entrectinib (another N7TRK inhibitor) have been granted
FDA approval for treatment of any solid tumor bearing an
NTRK fusion mutation. Entrectinib received a conditional
marketing authorization for the treatment of adults with
NTRK fusion-positive solid tumors in the European Union
in July 2020 [61].

Considering RET inhibitors, the phase I-II clinical
research (LIBRETTO-001) which comprised 143 MTC
patients and 19 previously treated RET fusion-positive TC
patients (including 2 ATC patients), evaluated for the effi-
cacy of selpercatinib [109]. A favorable response of one of
these ATC patients was later reported, showing a PR ongo-
ing for more than 19 months [109]. Selpercatinib, as well
as pralsetinib (another RET inhibitor) have been approved
by FDA for any solid tumor harboring an RET fusion or
mutation.

Regarding ALK inhibition, a lasting response to crizo-
tinib has been reported in a single patient with an ALK-rear-
ranged ATC [110].
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In patients with NTRK, RET or ALK fusion mutations,
with stage IVB or IVC disease, specific inhibitors can be
considered, preferably in a clinical trial setting [43].

Inhibitors targeting the PI3K/Akt/mTOR pathway have
shown disappointing results [111-113]. The efficacy of
everolimus was assessed in a multicentric phase 2 clinical
trial in locally advanced or metastatic thyroid patients with
all histologic subtypes, including 6 ATC. [111]. The ATC
cohort showed a PFS of 10.4 months with only one patient
with PR [111]. Other studies have shown limited or no ther-
apeutic benefits for everolimus in ATC [112-114].

6.5.3 Antiangiogenic tyrosine kinase inhibitors

In a meta-analysis aimed to assess the efficacy of lenvatinib
in ATC patients, which included 10 clinical trials, the PR
was 15%, SD 42% and disease control rate 63% [115]. A
phase-1I, international multicenter, open-label clinical trial
included in this meta-analysis, enrolled 34 patients with
ATC to receive lenvatinib 24 mg once-daily [116]. The study
was halted for futility since the minimum ORR threshold of
15% was not met upon interim analysis [116]. On the other
hand, a recent Japanese study (HOPE) assessed the effec-
tiveness of lenvatinib in unresectable ATC patients with an
estimated one-year OS rate of 11.9%, an objective remis-
sion rate of 11.9%, and a clinical benefit rate of 33.3%, with
a low number of responders to the drug but a more sustained
response [117]. On this basis, lenvatinib was approved for
use in Japan. However, considering that ATC commonly
invades the trachea, esophagus and great vessels, antiangio-
genic therapy has risk of bleeding and fistula and therefore
is not recommended by other international guidelines [43].
In coincidence with the results found with lenvatinib,
other tyrosine kinase inhibitors such as sorafenib, imatinib,
gefinitnib, and pazopanib used as a single agent have not
shown promising results [118—121]. Nevertheless, lenva-
tinib can synergistically enhance the antineoplastic effects
when combined with anti-PD1/PD-L1 agents, vinorelbine,
and paclitaxel [122—124]. These findings suggest that the
combination of lenvatinib with other antineoplastic drugs

Table 2 Protocols and suggested doses of targeted agents for ATC

Treatment Protocol and doses

BRAF and MEK Dabrafenib 150 mg twice daily + Trametinib

inhibitors 2 mg once daily

RET inhibitors Selpercatinib 160 mg twice daily, reduced to
120 mg twice daily in patients weighing less
than 50 kg
Praseltinib 400 mg per day

NTRK inhibitors Larotrectinib 100 mg twice daily
Entrectinib 600 mg once daily

ALK inhibitors Crizotinib 250 mg twice daily

Larotrectinib 100 mg twice daily

may be more effective than using single agents for patients
with ATC.

A summary of the protocols and suggested doses of target
agents for ATC is provided in Table 2.

6.6 Neoadjuvant therapy in ATC

It is well known that the outcomes of patients with ATC
which are completely resected are improved compared to
those unresectable cases [125—127].

The first reported series on neoadjuvant therapy with DT
in six patients with BRAF V600E- mutated ATC was pre-
sented by Wang et al. [128]. The median duration of neoad-
juvant DT therapy was 3.6 months (range 1.6 to 12 months)
and 4 of 6 patients were alive without evidence of disease at
the time of manuscript publication (median follow-up from
DT initiation, 15 months). All six patients also received
chemoradiation within two or three months after surgery
and DT was initiated immediately after patients’ recovery
from EBRT. Additionally, these authors hypothesized that
patients can rapidly escape from the blockage of the BRAF-
MEK pathway and consistently, checkpoint inhibitors such
as pembrolizumab may prolong disease-free survival when
added to DT. In this series, all patients in whom pembro-
lizumab was added remained alive and disease-free [128].

This study showed for the first time that ATC patients
could undergo complete surgical resection without requir-
ing tracheostomy or radical resection, even in cases of re-
operation. Interestingly, a high rate of pathological response
was observed, with a significant reduction in the viability of
the ATC component in all resected specimens, and well-dif-
ferentiated components of PTC were found, instead. These
findings emphasize the considerable intratumor heterogene-
ity and clonal evolution of ATC.

Almost one year later, the first Latin American experience
with neoadjuvant therapy with DT in a 62 y.o patient with a
diagnosis of ATC was published. After 13 weeks of neoad-
juvant DT treatment, an R1 surgical resection was possible
to be performed. It was subsequently followed by EBRT but
DT withdrawal due to lack of supply by the patient’s HMO
determined a complete regrowth of the tumor to the origi-
nal size and the patient died 8 months after initial diagnosis
[129]. This may show gross differences in the management
of advanced thyroid cancer patients according to regional
realities [130].

Following their initial experience, investigators from the
MD Anderson Cancer Center published one study that might
completely change the initial approach of BRAF V600E-
mutated ATC patients [5]. Although retrospective, this study
analyzed the outcomes of 57 stage IVb and IVc ATC patients
who were treated with BRAF-directed therapy for at least
one month. BRAF-directed therapy was defined as treatment
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with a BRAF and MEK inhibitor with or without checkpoint
inhibitor immunotherapy. BRAF inhibitors included the use
of vemurafenib, dabrafenib, and encorafenib. MEK inhibi-
tors included the prescription of cobimetinib, trametinib,
and binimetinib. Immunotherapy was defined as any treat-
ment with a PD-1 or PD-L1 checkpoint inhibitor.

Around 70% of patients (n=32) treated with BRAF /
MEK inhibitors received surgical treatment. One-year OS
for those patients who had neoadjuvant therapy followed by
surgery was 94% (95% CI, 85-100%). Patients who received
upfront surgery before BRAF-directed therapy (n=12) had
one year OS of 74% (95% CI, 49-97%) compared to the last
group which did not receive neoadjuvant therapy (n=12),
which had one year OS of only 38% (95%CI 62.6 to 100%).

This study showed for the first time a differential prog-
nosis for ATC patients who received initial surgical treat-
ment for the original tumor, whether upfront or after BRAF /
MEK inhibition. Ongoing clinical trials (NCT04675710 and
NCT03181100) will help to clarify the roles of immuno-
therapy, surgery, and radiation therapy as adjuvant therapies
for these patients [5].

An anecdotal case report was published after the use of
an NTRK inhibitor, entrectinib, in one patient with ATC har-
boring an ETV6-NTRK3 fusion, showing a decrease of the
initial tumor of around 40%, which was then amenable for
surgical treatment. Chemoradiation was then indicated. The
patient was alive 15 months after diagnosis [131].

Neoadjuvant therapy could change the outcomes of
patients with a diagnosis of ATC, given that most of the
deaths occurring in these patients are related to the locally
advanced disease in the neck. Future prospective clinical tri-
als will help to elucidate this.

6.7 Immunotherapy

Immunotherapy may be a promising treatment option,
mainly in patients without a BRAF mutation, in light of the
high expression of PD-1/PD-L1 in anaplastic thyroid carci-
noma [49]. Several studies have shown that targeting these
pathogenic components by immune checkpoint inhibitors,
alone or in combination with other treatments, is associated
with durable clinical benefit and prolonged PFS [132-136].

Pembrolizumab (an anti PD-1 antibody) was granted
agnostic approval by FDA in 2017 for patients with unre-
sectable or metastatic, microsatellite instability-high or
mismatch repair-deficient solid tumors that have progressed
previous treatment and do not have satisfactory alternative
therapies [137]. The use of pembrolizumab or nivolumab,
in 13 patients with locally advanced or metastatic unresect-
able ATC was recently reviewed in a retrospective case
study [138]. Only two patients in the research experienced
a PR, while three patients continued to have stable disease,
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according to the study’s objective response rate of 16%.
One-year survival rate was 38%, and the median OS was
4.4 months. Notably, despite a median follow-up of 13.5
months among patients who experienced clinical benefit,
the median OS had not been met, and one patient was still
alive at 29 months. In terms of safety, 46% of patients expe-
rienced immune-related AEs, with two patients (15%) expe-
riencing grade 3 or higher AEs [138].

Spartalizumab, a PD-1 inhibitor, was studied in a phase
I/II clinical study for patients with locally advanced and/or
metastatic ATC [134]. The results of Phase II of the study
revealed an ORR of 19% (including 7% CR) was attained
with 42 patients recruited. The median PFS and OS was 1.7
months and 5.9 months, respectively, and a one-year sur-
vival rate of 40%. All patients who experienced a CR were
BRAF wild-type. The results of the biomarker study showed
that 70% of patients were PD-L1 positive (1% positive in
tumor cells), and that this positivity was associated with sta-
tistically significant differences in ORR as well as patients
who had baseline CDS8 expression levels of 1% showed a
significantly higher ORR [134].

The initial investigation into the combined therapy of
immune checkpoint inhibitors and multikinase inhibitors
was conducted through the Anaplastic Thyroid Carcinoma
Lenvatinib Pembrolizumab (ATLEP) trial [133]. This ret-
rospective study aimed to evaluate the effects of combin-
ing lenvatinib and pembrolizumab in six patients with
metastatic BRAFV600E wild-type ATC who exhibited high
PD-L1 expression (tumor proportion score [TPS] 1-90%),
following the failure of chemotherapy. Four out of six
patients achieved complete remission and 1/6 experienced
stable disease, while one patient had progressive disease.
The median PFS and OS were 16.5 months and 18.5 months,
respectively [133]. A subsequent study, known as the pro-
spective ATLEP trial, involved a larger cohort of 27 patients
meeting the specified criteria prospectively followed-up.
The findings of the study were consistent with the previ-
ous research, demonstrating a 51.9% PR rate and a 44.4%
stable disease rate over the course of two years of treatment.
The median PFS was 9.5 months, while the median OS was
10.25 months. Notably, a quarter of the patients survived
for more than two years [139]. These encouraging results
showed that lenvatinib and pembrolizumab appear to be
safe and effective for treating ATC patients, as evidenced by
the high response rates and sustained remissions.

Finally, drawing from pre-clinical data indicating the
potential effectiveness of combined cytotoxic T-lympho-
cyte-associated protein 4 (CTLA-4) and programmed cell
death protein 1 (PD-1) blockade in highly aggressive radio-
iodine-refractory thyroid cancer, a recent study conducted at
a single institution investigated the responses to ipilimumab
and nivolumab in a specific subgroup of ATC patients [140].
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The study reported that out of the 10 patients included, three
demonstrated PR, resulting in a response rate of 30% (95%
CI: 7-65%). Importantly, two of these patients remained
without definitive evidence of disease at 26 and 13 months
following the initiation of treatment [140].

In conclusion, the characteristics of the tumor microenvi-
ronment, tumor mutational burden, and microsatellite insta-
bility in ATC provide a compelling rationale for employing
immune checkpoint inhibitors as a treatment strategy. How-
ever, clinical trials assessing the efficacy of immunotherapy
as a standalone approach in ATC have yielded disappoint-
ing results, so as previously noted, the immunomodulatory
properties of lenvatinib offer a mechanistic rationale for
combining it with anti PD-1 agents which promote its use.

Table 3 show the studies evaluating immunotherapy in
ATC.

6.8 Therapeutic algorithms

Based on case series and clinical experience, the ATA and
NCCN guidelines for the management of patients with ATC
propose that the selection of initial therapy should be deter-
mined by the stage of the disease and the results of molecu-
lar testing, if accessible [42, 43].

Complete surgical resection followed by combination
chemotherapy and radiation (grade 2 C) is the recom-
mended course of action for patients with stage IVa and IVb
with a resectable tumor, irrespective of BRAF mutation sta-
tus. If possible, with low morbidity, total thyroidectomy is
recommended over lobectomy (grade 2 C). ATC and DTC
frequently coexist, and complete thyroidectomy makes it
easier to treat DTC later on. However, a more aggressive
surgical technique comprises thyroidectomy with broad
margins of neighboring soft tissue on the side of the tumor
in rare cases of intrathyroidal ATC without a coexistent
DTC. Doxorubicin, taxanes, or cisplatin are available as
choices for chemotherapy.

In turn, DT treatment (Grade 2 C) is the recommended
therapy for patients with irresectable stage IVb or IVc

Table 3 Immunotherapy trials for ATC

cancer and the presence of the BRAFV600E mutation. This
is followed by a resectability assessment. Surgical resection
is done if there is a favorable response to DT and the tumor
is judged resectable, as previously mentioned. Chemora-
diation is then administered for stage IVB disease, while
DT is restarted for stage IVc disease. If there is evidence or
disease stability or improvement, DT may be maintained if
the condition is still unresecable. Alternative management
include chemoradiation, enrollment in clinical trials, or best
supportive care in case of unfavorable outcomes.

For BRAF wild type ATC, the extent of surgery in stage
IVb depends on how much the surrounding soft tissues are
involved. Options for treatment include en-bloc resection,
lobectomy with broad margins of neighboring soft tissue,
and complete thyroidectomy. In these cases, chemorradia-
tion is reserved for patients with complete surgical resection.

In contrast, patients without a BRAF V600F mutation
who have unresectable stage IVb or IVc disease have a
range of treatment options, including targeted therapy in
the case of another targetable mutation is found, support-
ive care, chemoradiation, and clinical trials. Prioritizing
symptom relief in instances where advanced disease lacks
a targetable mutation is essential. Treatment should focus
on securing the airway, ensuring access to nutritional sup-
port and joining in clinical trials if performance status is
acceptable.

Figure 3 depicts a conceptual framework for the prac-
tical implementation of genetic profiling as a therapeutic
guidance.

7 Developing therapies

Although significant progress has been made in the treat-
ment of ATC in recent years, there is a growing need for
innovative therapeutic strategies that can maximize efficacy
in terms of survival and minimize adverse effects. Several
targeted agents alone or in combination with other drugs/
therapies are currently being investigated in anaplastic

Study Immune Patients Previous ORR (%) Median PFS Median OS  One-
check-point inhibitor Included (n) Systemic (Months) (Months) Year

Treatment Survival
(%) Rate (%)

Capdevila et al. (2020) Spartalizumab 42 40 19 1.7 5.9 40%

[133]

Lorch et al. (2020) Ipilimumab + nivolumab 10 NA 30 NA NA NA

[135]

Hatashima et al. (2022) Pembrolizumab 13 23 16 1.9 4.4 38

[138]

Dierks et al. (2022) Pembrolizumab + len- 27 NA 51.9 9.5 10.25 25.9%

[139] vatinib (2 years)

ORR: overall response rate. PFS: progression free survival. OS: overall survival

@ Springer
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Anaplastic thyroid
carcinoma

- Staging
- BRAF V600E testing
- NGS to identify other

targetable mutations*

BRAF
V600E
mutation

Absent or
unkown

{ 2}

STAGE IVB STAGE IVA
(irresectable) STAGE IVB
STAGE IV C, (resectable)

Dabrafenib +
trametinib

Continue

dabrafenib +
trametinib

Surgery and
If unfavorable response, options

restart . o .
include chemoradiation, clinical

trials, and best supportive care

dabrafenib +
trametinib

Resectable

Surgery,
chemoradiation
followed by
observation
and follow-up
imaging

STAGE IVB

Not resectable

-Target therapy*
-Target therapy* or,
or, -Chemoradiation n
-Chemoradiation or, Consider surgery for
to . resectable cervical disease
followed by -Clinical trials if low volume M1, followed
observation and or, by chemoradiation

follow-up imaging - Best supportive

care

* Specific inhibitors of oncogenic ALK, NTRK, or RET fusion mutations can be considered for unresectable stage IVB disease or stage IVC disease

Fig. 3 Proposed management algorithm for patients with anaplastic
thyroid carcinoma. * Specific inhibitors of oncogenic ALK, NTRK, or
RET fusion mutations can be considered for unresectable stage [Vb

thyroid cancer. A summary of some relevant ongoing clini-
cal trials for the treatment of ATC is provided in Table 4.

8 Disparities in the management of ATC

Managing ATC patients requires swift access to specialized
health care and high-complexity diagnostic and therapeu-
tic protocols. As a result of the elevated costs of these pro-
cedures and disparities in coverage of different health care
systems, significant inequities arise. Lower socioeconomic
status adversely impacts outcomes of cancer in general and
this a is also the case for ATC patients [141].

Importantly, cancer patients from low and middle income
countries usually face multifactorial disadvantages (such as
socio-cultural issues and weak health care systems) [142].
Genomic interrogation, targeted therapies and/or clinical
trials are not widely available in many regions of the world

@ Springer

disease or stage IVc disease. ! Adapted from Bible KC et al., 2021 and
Haddad IR et al., 2022

[6, 130]. Prognosis for ATC remains poor for most patients
in this setting.

9 Conclusions

Due to its rarity and rapidly progressive course, manag-
ing ATC remains a challenge. Recent studies have shown a
dramatically improved prognosis for BRAF-mutated ATC.
However, ATC is a heterogencous disease, and therapeutic
solutions are elusive for cases with BRAF wild-type muta-
tions. Furthermore, in real-world scenarios, timely access
to multidisciplinary care, molecular testing, and targeted
therapies may be limited.

Increasing comprehension of ATC’s molecular biol-
ogy will hopefully lead to the development of novel tar-
geted therapies. While implementing prospective studies
can be challenging, there is a growing number of ongo-
ing clinical trials. As a result, what was once an inevitably
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life-threatening disease without treatment options has, in
some instances, transitioned into a serious but potentially
manageable condition.
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