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Abstract. Anaplastic thyroid cancer (ATC) is a rare and
aggressive form of thyroid malignancy, presenting significant
challenges in diagnosis and treatment. The rarity of this cancer
and its aggressive nature make an accurate diagnosis difficult,
requiring a multidisciplinary approach and various imaging
techniques. Treatment involves a personalized multimodal
approach, including surgery, adjuvant therapies and risk strati-
fication. Prognostic factors such as age, tumor characteristics
and genetic alterations play a crucial role in determining patient
outcomes. Despite advancements, gaps remain in understanding
the underlying mechanisms of the disease and establishing
standardized treatment guidelines. Further research, collab-
orative efforts and multicenter studies are necessary to improve
diagnostic accuracy, develop targeted therapies and biomarkers,
and enhance the long-term management. The present review
provides a comprehensive overview of ATC, discussing its clin-
ical manifestations, diagnostic approaches, treatment options,
prognostic factors and genetic landscape.
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1. Introduction

Thyroid cancer (TC) accounts for >90% of all endocrine
cancer types and is therefore the most frequently occurring
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endocrine-related malignancy (1). Most thyroid tumors are
pathologically differentiated cancers with a good prognosis
and a 5-year survival rate of >98% (2). Papillary TC (PTC)
accounts for ~80% of all TC cases and is the most frequently
occurring differentiated TC (DTC). The other types of DTC
are follicular TC (FTC) and medullary TCs (MTC), and these
cancer types come from cells in the follicle and the area around
the follicle (3). There is also a small subset of TC, also known
as anaplastic TC (ATC). ATC is a rare and aggressive tumor
arising from the follicular cells of the thyroid gland, similar to
well-differentiated TC (WDTC). However, ATC cells lack any
of the biological characteristics of the original follicular cells,
such as iodine uptake and thyroglobulin synthesis (1).

The 2022 World Health Organization classification of
Endocrine Tumors subdivides thyroid neoplasms into specific
categories based on their cell of origin (4). Malignant follicular
cell-derived thyroid tumors include PTC, FTC, high-grade
thyroid carcinomas (poorly differentiated and differentiated
subtypes) and ATC (undifferentiated). On the other hand,
MTC falls in the C cell-derived thyroid carcinoma category.
Giant-cell, spindle-cell and squamoid-cell tumors are among
the histological patterns of ATC. ATC may form spontane-
ously, although it is more likely to emerge from a pre-existing
DTC, particularly the follicular variant (5,6).

ATC incidence rates have been reported as unchanged
over the last 30 years, and the disease occurs most frequently
in older people but has been described in all age groups (1).
Due to the unresectability of most ATC cases, the diag-
nosis is typically made by fine-needle aspiration (FNA).
High-grade features such as pleomorphism, necrosis, mitotic
figures and spindle cells are characteristic cytological find-
ings. Immunohistochemical findings include positivity for
keratin in most cases, but no or focal immunoreactivity for
thyroid-specific markers such as thyroid-transcription factor-1
and thyroglobulin (usually no expression) (4,5).

The majority of patients with ATC have local symptoms
such as dysphagia, dysphonia, stridor and dyspnea, as well
as neck discomfort and soreness. The tumor infiltrates adja-
cent tissues such as fat, muscle, tracheal, esophageal and
laryngeal tissues in >70% of patients (7). The clinical history
of a rapidly expanding tumor that is solid and attached to
surrounding tissues is particularly indicative of ATC (Fig. 1).
Approximately 70% of ATCs spread to nearby tissues, such as
the trachea, the esophagus and the larynx. The lungs, bones
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and brain are also common locations to which ATC metas-
tasizes. FNA cytology in uncertain situations, and histology
on core biopsy, may confirm the diagnosis (7). In addition,
positron emission tomography, computed tomography scans
and magnetic resonance imaging are effective for defining the
local area and finding distant metastases (7).

At the microscopic level, ATC appears to be made up of
anaplastic cells that have obvious cytological atypia and a high
level of mitotic activity. Necrosis of the tumor and vascular
invasion are prevalent. The presence of coexisting areas of
WDTC in approximately one-third of instances of ATC is
one piece of evidence that lends support to the concept that
ATC develops from WDTC. Spindle cells, gigantic cells
and squamoid cells are all examples of different histological
patterns. Other patterns, such as angiomatoid, carcinosarcoma,
lymphoepithelioma-like and adenosquamous patterns, have
been described. Undifferentiated carcinoma of the thyroid,
also known as ATC, needs to be distinguished from other
high-grade tumors that originate from nearby structures in the
neck and have a microscopic appearance that is comparable
(Fig. 2). On occasion, this distinction can only be made on the
basis of clinical or anatomical evidence (8).

The newest cancer staging manual (the 8th edition of the
American Joint Committee on Cancer classification) defines
all ATCs as stage IV tumors due to their aggressive nature at
diagnosis, regardless of their total tumor burden. Most patients
die within 6 months of diagnosis, largely due to local tumor
invasion (9). Treatment for ATC has not been standardized,
since it is unclear if medication is helpful in extending survival
time. Surgery, radiation and chemotherapy are seldom enough
to achieve overall disease control when used alone, but a
combination of these therapies may enhance local control (10).
If the tumor is intra-thyroidal, surgical therapy for the local
illness may provide a chance to prolong survival time (10). The
surgical approach to ATC, when the tumor is extra-thyroidal,
is controversial. Although ATC forms only 2% of all TC cases,
it accounts for >50% of all TC-associated deaths (1). ATC
continues to rank as one of the deadliest diseases worldwide
and carries a very poor prognosis. The mortality rate is close
to 100%, with most patients already having metastatic disease
by the time of diagnosis (9).

Recent research using high-throughput sequencing has
shed light on the genetic signature of ATC. A high mutational
load as a result of the accumulation of various somatic muta-
tions is an essential trait. Besides BRAF and TP53 mutations,
which are considered as the genetic characteristics of ATC,
various additional genetic abnormalities, including RAS,
PTEN and RET mutations, which also occur in DTC, have
been found in ATC. As a result, it is conceivable for DTC to
have given rise to a portion of ATC, when histology shows that
DTC is present in 30-50% of ATC cases (11).

No standardized therapy for ATC has yet been shown to
improve overall survival (OS). However, several guidelines,
such as those from the American Thyroid Association and
the British Thyroid Association, discuss the various treatment
options, which include surgery, radiotherapy or chemo-
therapy (12). The effectiveness of these therapeutic techniques
has been published in the form of case studies. In addition,
there is the possibility that new therapeutic approaches, such
as the use of checkpoint inhibitors, may open new therapeutic

avenues (13). The present review will summarize our current
knowledge on pathogenesis, prognostic factors and the genetic
landscape of ATC. The development of therapies targeting
pathways currently being tested in clinical studies will also
be discussed.

2. Prognostic factors and treatment approaches for ATC

ATC typically presents in patients as an invasive and rapidly
growng neck mass, with involvement of the regional cervical
lymph nodes. Distant metastatic disease will also be found
in ~50% of patients at presentation (14). This is in contrast
to differentiated TC, which has a favorable prognosis and is
managed primarily through surgery. Consequently, individuals
with ATC are often incurable when they are first diagnosed,
and they have typically been treated palliatively or sent to
intensive care. The OS times reported in several retrospective
studies that analyzed the course of the illness and aimed to
discover prognostic indicators for ATC varied highly, with
times ranging from a few weeks to a few years (7). This
suggests that risk stratification might be beneficial, despite
the fact that ATC results in death in the majority of cases.
This would, however, make it possible to distinguish between
patients who should get possible supportive care and those
who could be candidates for more aggressive therapy.

Due to the low occurrence of ATC, few institutions over
the world have case series with more than 100 individuals.
Analysis of prognostic markers is only feasible in larger series,
as most of the patients pass away within the first few weeks or
months following diagnosis, creating a false impression that
patients with ATC have no meaningful chance of survival.
Significant survival has been seen in broader series, allowing
investigation of prognostic markers linked with prolonged life
in patients with ATC (6). In 2013, a study by Haymart et al (15)
analyzed 699 patients with ATC who were diagnosed between
2003 and 2008, and found that patients with stage IVA illness
had a 9-month survival rate, while those with stage IVB disease
had a 4.8-month survival rate and those with stage IVC disease
had a 3-month survival rate on average (15).

There have been various retrospective studies describing
negative prognostic factors such as older age, early distant
metastatic disease, a large primary tumor diameter (>5 cm)
and an increased white blood count (15,16). In a retrospective
German multicenter study of 100 ATC patients pretreatment
between 2000 and 2015, it was found that the prognostic
factors for survival were an age >70 years and presence of
distant metastases, which were all independent risk factors
of an unfavorable outcome. By applying multivariate analysis
on the cohort, OS rates similar to earlier reported data were
found. By contrast, patients <70 years old, with slowly growing
tumors limited to the thyroid and without distant metastases,
had the best prognosis (7).

Unexpectedly, one previous study reported that a full
thyroidectomy had no association with an extended OS
time (17). However, the importance of a total thyroidectomy
is still debatable due to the high percentage of unresectable
tumors at first diagnosis and the significant morbidity associ-
ated with intensive local resection (17). Surgical intervention
is typically not recommended for individuals with ATC owing
to substantial metastases, but full surgical resection is
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Figure 1. Computed tomography of the head and neck for a 47-year-old female with anaplastic thyroid cancer, showing a large thyroid mass measuring
5.4x6.2x7.7 cm shifting the trachea to the right side and extending inferiorly. (A) Axial and (B) coronal views. Arrows indicate the mass of surrounding tissue.

Figure 2. ATC with a component of papillary thyroid carcinoma. (A) Low magnification (x20 magnification; H&E staining) and (B) high magnification
(inset; x100 magnification; H&E staining). The histological characteristics show enlarged, pleomorphic giant cells with hyperchromatic nuclei growing in
sheets consistent with ATC. The neoplastic giant cells are characterized by deep pleomorphism, with multiple hyperchromatic nuclei. ATC, anaplastic thyroid

carcinoma; H&E, hematoxylin and eosin.

recommended for localized disease when achievable, with
little morbidity (14). When used alone to treat ATC, surgery,
radiotherapy or chemotherapy rarely have an impact on OS
rates. Accordingly, multimodal therapy is increasingly being
applied as the treatment of choice for ATC, as the disease
is commonly advanced at the time of diagnosis and usually
cannot be resected completely. Further postoperative radio-
therapy is also sought-after (14). Improved OS times were
associated with the use of definitive or adjuvant radiation
therapy, a younger patient age and a lack of distant metastases,
according to the findings of a retrospective case series study
that was conducted on a large institutional cohort of 97 patients
who were treated for ATC over the course of 21 years (17).
The majority of patients with ATC require chemotherapy
due to the existence of advanced regional disease or distant
metastasis at the time of presentation. Doxorubicin is a
frequently used regimen, whether combined with cisplatin

or used alone, but the response rate is typically low (18).
Second-line treatments are targeted inhibitors that act on
a specific target molecule, thus preventing the growth and
progression of cancer. Such inhibitors typically target overac-
tive or mutant molecules active in certain signaling pathways
of cancer cells. Examples of these inhibitors are incorpo-
rating targeted therapies, such as tyrosine kinase inhibitors,
anti-angiogenic drugs, and agonists, and multi-kinase inhibi-
tors (MKIs) targeting hyperactive BRAF gene, mTOR, and/or
BCR-ABL. For BRAF"*"F mutation-positive tumors, vemu-
rafenib,as well as the combined use of dabrafenib and trametinib
have shown promising responses in treating ATC (19). In a
phase 2 multicenter investigation of BRAF-mutated tumors,
including 7 patients with BRAF'%°*_mutated ATC, the BRAF
inhibitor vemurafenib, which had been previously licensed to
treat BRAF-mutated melanoma, was assessed. There was one
complete response (CR) and one partial response (PR) among
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the participants in this cohort, which resulted in an overall
response rate of 69%. More importantly, a single patient
experienced a sustained response that lasted >1 year (20). This
and other anecdotal evidence led to the investigation of the
BRAF inhibitor dabrafenib and the MEK inhibitor trametinib
in a phase 2 multicenter trial for BRAF"°°-mutated ATC (19).
Dabrafenib and trametinib were administered daily to
patients with ATC and BRAF"5°E mutations. Among the 16
participants, the vast majority had already undergone some
form of surgical procedure and/or external beam radiation.
Overall, 1 patient (6%) achieved a CR and 10 patients (63%)
achieved a PR at a median follow-up time of 47 weeks (range,
4-120 weeks), yielding an overall response rate (ORR) of 69%.
Furthermore, 19% of patients experienced stable disease.

In 2018, dabrafenib/trametinib for BRAF"%F_mutated
ATC was authorized by the Food and Drug Administration
(FDA) as a result of the aforementioned findings (19).
However, generally, single-targeted inhibitors have not
exhibited substantial therapeutic effects in patients with
ATC, prompting the adoption of MKIs. MKIs have the ability
to act on two or more targets at the same time. MKIs such
as sorafenib, axitinib, pazopanib and sunitinib have been
studied in preclinical models, as well as a clinical trial, with
promising results (21). The use of sorafenib also resulted in
a progression-free survival time of ~5 months in a phase III
clinical trial, with patients experiencing manageable toxici-
ties in comparison with the placebo group (22). Additionally,
patients with unresectable or metastatic BRAF'°E-positive
ATC have a treatment option, including the BRAF inhibitor
dabrafenib and the MEK inhibitor trametinib (23).

Neo-adjuvant therapy refers to the administration of
systemic treatment before surgery with the goal of downsizing
the tumor, improving surgical outcomes and potentially
increasing survival rates. Implementation of neo-adjuvant
BRAF-directed therapy before surgery may result in improved
OS times for patients with BRAF"%°E-mutated ATC (24).
BRAF-directed therapy is highly effective, and subsequent to
using these drugs, surgically unresectable tumors may become
resectable, although drug resistance may also develop. The
traditional trimodal therapy of surgery, adjuvant chemotehrapy
and adjuvant radiotherapy could in future be substituted with
up-front BRAF inhibitors, subsequent surgery and possible
adjuvant chemoradiation in patients with stage IVB and IVC
BRAF"5%E_mutated ATC (24). Additionally, neo-adjuvant
therapy could serve as a ‘test-of-time’ for individual tumor
response to targeted therapy, allowing for treatment tailoring
and identification of patients who may benefit the most from
surgical intervention (24).

While specific data on the impact of neo-adjuvant
BRAF-directed therapy followed by surgery in ATC is limited,
emerging evidence from case reports and small studies suggests
encouraging outcomes. One study reported significant tumor
shrinkage, improved resectability and even a complete patho-
logical response following neo-adjuvant targeted therapy (25).
These findings indicate the potential for improved OS
times and disease control in patients with ATC. Recently,
molecularly targeted treatments for ATC have been created.
Lenvatinib successfully increased progression-free survival
time in patients with both DTC and ATC. In 2020 and 2023,
Niu and Xing conducted comprehensive literature searches for

ATC-targeted drug studies and provided a summary of their
efficacy and adverse effects. It was stated that in comparison
to other targeted medications, the pairing of dabrafenib and
trametinib stood out as the most effective treatment discovered
so far (26,27). A study by Ferrari et al (28) found that despite the
recognition of doxorubicin, docetaxel/paclitaxel and cisplatin
by American Thyroid Association guidelines for the treatment
of ATC, there has been no improvement in the survival rate of
patients with advanced ATC. Additionally, the use of combina-
tion therapy, particularly involving TKIs, is considered a highly
significant area for future research. Moreover, it is essential to
acknowledge that drug resistance poses a substantial challenge
for researchers and clinicians. However, studies have indicated
that combining anticancer-targeted drugs with other specific
medications could potentially mitigate drug resistance. All
in all, targeted agents show great promise as an approach for
treating ATC (26,29).

3. Genetic landscape and molecular pathogenesis of ATC

Tumor development is associated with the accumulation of
mutations in the genome. It has been hypothesized that ATC
progresses from DTC through genetic alterations causing
anaplastic transformation (8). When differentiated and
anaplastic components of TC are co-localized inside the same
thyroid gland, both tumors usually have the same oncogenic
mutations in BRAF"%%F or RAS (28). This further supports
the hypothesis that DTC cells undergo anaplastic transition.
Nonetheless, most thyroid tumors with BRAF or RAS mutations
are at low risk, demonstrating that these basic oncogenic muta-
tions are insufficient to trigger ATC (11). Therefore, multiple
genetic hits are believed to be necessary for the development
of ATC; a mutation in one of the key oncogenic driver genes
responsible for differentiated thyroid carcinoma and additional
deleterious genetic alterations will lead to ATC transformation.

The Cancer Genome Atlas has made it clear that molecular
profiles such as those of RAS and BRAFY’F are linked to
follicular growth, and also to papillary growth (30). For
example, RAS gene mutations are strongly associated with
follicular architecture, regardless of whether the cancer cells
have invaded. The number of follicular adenomas, follicular
carcinomas and PTCs that have RAS mutations is the same.
The same is true for other molecular changes that happen
less often, such as BRAF mutations that are not V60OE (like
BRAFX%E) or PTEN mutations, which are all found in tumors
with follicular architecture at approximately the same rate in
each histological type (31,32). On the other hand, ‘conven-
tional’ PTC is marked by the presence of neoplastic papillae
and the molecular change BRAF"*°¢ | and similar changes such
as RET and NTRK rearrangements (32). In poorly differenti-
ated TC and ATC, RAS-like and BRAF"9E-]ike signatures
are partly kept, as mutations of the BRAF and RAS genes
are found in a subset of cases at prevalence rates that are not
very different from those of WDTC and FTC (30,31). TERT
promoter mutations, on the other hand, are associated with
invasive growth in PTC and FTC, and their rate of occurrence
goes up in PDTC and ATC (33). Consistent with the multiple
hit hypothesis, the ATC mutation burden is highest among TC
subtypes. In a study on a mouse model with thyrocyte-specific
expression of BRAF’E the need for several genetic mutations
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Figure 3. Most commonly altered genes in anaplastic thyroid cancer. Courtesy of The AACR Project GENIE Consortium. Data extracted from my cancer
genome® database. The datasets are freely accessible in a publicly accessible repository that is responsible for distributing data (41).

for anaplastic transformation was validated. In the absence of
any further genetic alterations, the BRAF"*2-induced PTC in
mice exhibited an indolent nature and did not commonly lead
to the development of a progressively fatal condition. Likewise,
the absence of TP53 alone is inadequate to produce ATC.
However, ATC is almost fatal when a BRAF'9F transgene is
produced in combination with a TP53 deletion, and/or with
inactivation of both PTEN and TP53 or mutationally activated
PIK3CA (32,34). The TP53 mutation is more common in ATC
than in all other advanced/aggressive TC types, including both
PDTC and high-grade PTC (35).

Compared with advanced DTC, ATC had a significantly
higher prevalence of genetic changes in cell cycle genes (13
and 29%, respectively), such as inactivating mutations in the
cell cycle regulators CDKN2A and CDKN2B and copy number
gains of CCNE]I (35). These changes are necessary for the cell
cycle G,/S transition. The most important copy number loss
location in ATC is the deletion of the 9p21.3 locus, which
contains the CDKN2A and CDKN2B genes, and is frequently
observed in TC cell lines (35). Gene expression variations are
correlated with changes in CDKN2A, CDKN2B and CCNE]
copy number (34,35). Cell cycle gene mutations are compat-
ible with ATC progression. Loss of PTEN expression is also
observed in a fraction of TCs, and promoter methylation of

PTEN is prevalent in FTC and ATC (34). Mutations of different
RAS isoforms, PIK3CA mutations and amplifications, and
PTEN mutations have all been linked to methylation of the
PTEN gene in thyroid tumors, including ATC.

TERT promoter mutations cause telomerase to reacti-
vate and have been linked to advanced DTC. A study by
Pozdeyev et al (35) in 2018 found that TERT promoter muta-
tions were quite common in their large-scale investigation
of advanced DTC genetics. The study showed that TERT
promoter mutations were more frequent in ATC than in DTC.
Six investigations, totaling 252 cases with ATC, searched
for TERT promoter mutations. Among these tumors, 100 (or
39.7%) had TERT promote (36,37). However, TERT promoter
mutations alone do not cause anaplastic transformation, but
they do contribute to the aggressive phenotype, which is
susceptible to conversion to ATC if one of the ATC-related
second genetic alteration events occurs (38,39). The PDTC
phenotype is susceptible to transformation to ATC when one
of the ATC-related ‘second hit’ genetic events, such as TERT
mutation, occurs. The prevalence of TERT mutation is signifi-
cantly higher in high-grade PTC and PDTC, approaches >70%
in ATC (11-13), and is associated with a poor prognosis. TERT
mutations correlate with a higher frequency of metastasis,
prolonged disease and a lower survival rate in patients with
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NRAS Mutation -

BRAF Mutation -
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TP53 Missense -
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TP53 Mutation -
NRAS Exon 3 Mutation
TP53 Exon 5 Mutation -
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EIF1AX X113_splice

NF2 Mutation -
TP53 Codon 175 Missense -

PIK3CA Mutation -
CDKN2A Loss
CDKN2B Loss -

TP53 Exon 8 Mutation -
PTEN Mutation -

TP53 Nonsense
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NRAS Q61K -

NF2 Nonsense -
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Figure 4. Top gene mutations in anaplastic thyroid cancer. Courtesy of The AACR Project GENIE Consortium. Data extracted from my cancer genome®
database. The datasets are freely accessible in a publicly accessible repository that is responsible for distributing data (41).

PTC, particularly when they co-occur with oncogenic muta-
tions such as BRAF"%F or RAS (14-17).

Given that anaplastic transition requires many genetic
changes, most ATC cases are expected to undergo the
differentiated phase, whether or not DTC is detected through
histological investigation. However, the lack of typical onco-
genic mutations in these tumors and the rapid accumulation of
numerous mutations in tumors with DNA repair deficiencies
may encourage the de novo generation of ATC from healthy
follicular cells (8,9).

According to the AACR Project GENIE Consortium dataset
version 8 (https:/www.aacr.org/professionals/research/aacr-
project-genie/aacr-project-genie-data/), ATC most frequently
harbors alterations in TP53, BRAF, NRAS, CDKN2A and
PIK3CA (Figs. 3 and 4) (40).

In summary, ATC is a genetically complicated malignancy
that is derived from numerous unique DTC subtypes. This
complexity is reflected in its etiology. Our knowledge of the
genetic processes that can lead to anaplastic transformation
has substantially expanded as a result of the development
of more sophisticated tools for genotyping and the growing
application of genetic information in clinical care. However,
the mechanisms and risk factors that lead to a subset of TCs
transforming into the most aggressive form of human cancer

remain largely unknown. Additionally, a true tailored therapy
is now more feasible due to the recent development of inno-
vative and affordable diagnostic tools, such as individual
mutational testing and in vitro analysis of patient ATC cells.
This is completed in an effort to improve therapeutic success
and prevent the use of harmful and ineffective treatments.

4. Conclusion

In conclusion, ATC has a complex genetic landscape and
molecular pathogenesis that includes a variety of genetic modi-
fications, epigenetic changes and signaling pathway activations.
For the purpose of creating novel and efficient ATC treatments,
it is essential to understand these underlying mechanisms,
and continued research in this field is required to enhance the
prognosis for those who have this aggressive type of TC. Due
to the advancement of genotyping methods and the increased
utilization of genetic data, better knowledge now exists with
regard to the genetic mechanisms that lead to the anaplastic
transformation of ATC. Frequent and quick molecular testing
is performed to look for actionable oncogenic mutations. ATC
is characterized by genomic instability, which leads to muta-
tions in the RET, BRAF, RAS, PTEN, PIK3CA and TP53 genes.
Given the complexity of the genetic alterations linked to ATC,
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a tailored treatment plan that strictly limits critical pathways
may enhance therapeutic results. In the future, a multidis-
ciplinary approach to these treatments might be successful.
Additionally, for patients with the BRAF"5°F mutation, the
usage of neo-adjuvant BRAF-directed therapy, followed by
surgery, may result in significant improvements to OS. However,
despite these important developments in the pathophysiology of
ATC and its potential translational uses, little is known about
the mechanisms through which these mutations contribute to
the carcinogenesis of ATC. In addition, the advancement of care
for patients diagnosed with ATC will largely depend on how
seriously enrollment in clinical trials is taken into consideration.
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