
Current Treatment Options in Oncology (2024) 25:869–884 

Vol.:(0123456789)

Promising Therapeutic Targets  
for Recurrent/Metastatic Anaplastic 
Thyroid Cancer
Abdelrahman Sherif Abdalla, MD1 
Mobeen Rahman, MD2 
Saad A. Khan, MD3,*

Address
1Department of Internal Medicine, AdventHealth, Sebring, Florida, USA
2Department of Pathology, Stanford University, Stanford, CA, USA
*,3Division of Oncology, Department of Medicine and Stanford Cancer Institute, 
Stanford University, 780 Welch Road, CJ250L, Stanford, CA 94304, USA
 Email: Dr.Saad.Khan@Stanford.edu

Keywords  Anaplastic thyroid cancer · ATC​ · Precision oncology · Targeted therapy · Recurrent ATC​ · Oncogenic 
drivers · ATC genetic mutation · Proficient DNA mismatch repair · Tumor microenvironment

Opinion statement
Anaplastic thyroid cancer presents formidable challenges, particularly in cases of recur-
rence or metastasis. Timely BRAF V600E testing is imperative at diagnosis, initially through 
immunohistochemistry, followed by comprehensive genomic profiling encompassing genes 
such as NTRK, RET, ALK, and assessment of tumor mutation burden (TMB). FDA-approved 
treatment options include dabrafenib and trametinib for patients with BRAF mutations, 
while those exhibiting high TMB may benefit from pembrolizumab. Further therapeutic 
decisions hinge upon mutational profile, urgency of response required, airway integrity, 
and access to targeted therapies There is growing use of immunotherapy for ATC based on 
published reports of activity, but currently there is no FDA approved agent for ATC. The 
off-label utilization of “precision medicine” combinations imposes a considerable financial 
strain, underscoring the necessity for further clinical trials to elucidate promising thera-
peutic avenues for this orphan disease. There is a pressing need for the development and 
support of clinical trials investigating genomically driven and immune-based therapies for 
anaplastic thyroid cancer.
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Introduction

Anaplastic thyroid cancer (ATC) represents an undif-
ferentiated, highly aggressive and poorly understood 
form of thyroid malignancy. Despite constituting only 
1% of all thyroid cancer cases, it carries a mortality rate 
approaching 50% [1]. The incidence of ATC is approxi-
mately one per million individuals, primarily affecting 
patients between 60 and 70 years old, with a mean 
age at diagnosis of 71 years [2, 3]. It is important to 
highlight that existing literature documents the pro-
pensity of anaplastic thyroid cancer (ATC) to originate 
from well-differentiated thyroid cancer [4–8]. Median 
survival time for ATC is 9.5 months, with the highest 
survival duration reaching 14.5 months observed in 
cases treated with neoadjuvant BRAF-directed therapy 
followed by bilateral glandular lobes resection with 
lymph node sparing due to the lack of therapeutic ben-
efit from lymph node resections [2, 9].

Previous research has indicated that younger 
patients with ATC may exhibit distinct molecular muta-
tion profiles [10]. The one-year survival rate for patients 
with anaplastic thyroid cancer is less than 20%, high-
lighting the significant challenges associated with this 
aggressive form of thyroid cancer. This stands in stark 
contrast to the markedly higher 5-year survival rates, 
reaching 98% and 99% for well-differentiated thyroid 
cancers such as follicular and papillary carcinoma, 
respectively [11]. Gender disparities in mortality rates 
have been observed within the context of ATC cases. A 
comprehensive analysis of the Surveillance, Epidemi-
ology, and End Results (SEER) database spanning 16 
years revealed a notable difference in mortality percent-
ages between women and men. Specifically, the mor-
tality percentage for women was approximately 57%, 
while men constituted approximately 43% of the total 
deaths attributed to anaplastic thyroid cancer [12]. The 
potential to improve these concerning survival statis-
tics for ATC may hinge upon unresolved aspects of its 
pathophysiology.

Oncogenic drivers implicated in ATC have been 
identified, thus revolutionizing treatment approaches. 
Whereas traditional chemotherapeutic agents like 
doxorubicin and newer modalities such as carboplatin 
and paclitaxel were previously utilized, identification 
of BRAF V600E mutation now occurs in approximately 
one-third of ATC patients [10, 13•]. This discovery has 
resulted in response rates of 56%, significantly con-
trolling ATC progression in certain individuals [10]. 
Additionally, RET mutation, which represents approx-
imately 6% of poorly differentiated thyroid cancers, 
may also elicit noteworthy responses, albeit with lim-
ited durability [14, 15].

Genetic instability is a hallmark for ATC with a 
median number of mutations of 6 ± 5 [16]. Interest-
ingly, ATC is the only thyroid malignancy in which age 
plays no role in TNM staging, despite evidence indicat-
ing its crucial role in ATC prognosis [17]. Although 
surgical resection, radioactive iodide therapy, and 
hormone-suppressive therapy could result in a good 
prognosis for most patients with differentiated thy-
roid cancer, the same is not true for ATC [18]. To date, 
uncertainty persists among clinicians and researchers 
regarding the precise incidence, etiology, biology, and 
management of ATC. The rarity of this malignancy, 
coupled with its historical perception as an immedi-
ate death sentence, has hindered the progress of both 
clinical trial development and laboratory research. 
However, recent advancements in cancer biology offer 
new avenues for comprehending and addressing ATC. 
It is crucial to investigate the genetic foundations of 
ATC for the potential to improve diagnostic precision, 
clarify its association with preceding differentiated thy-
roid cancer, provide prognostic indications, and nota-
bly, advance the creation of personalized treatment 
approaches tailored to specific mutational patterns.

Methods and patients

A literature review was conducted using the search term “Anaplastic thyroid 
cancer” to screen for clinical trials in PubMed and Medline from 2012 to 
May 2022. A total of 30 articles were gathered, with duplicates and irrelevant 
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studies subsequently removed. The abstracts of publications were individually 
screened to collect evidence regarding genetic mutations and their associated 
treatment outcomes, genetic mapping, and current therapeutic standards for 
anaplastic thyroid cancer. Eventually, 16 articles were included in the review. 
The use of a broad search term aimed to capture a diverse range of articles 
containing information on the genetic landscape of ATC that might not have 
been obtained using more specific criteria. Additionally, a literature review 
was performed using the same search terms for case controls, cohorts, reviews, 
ex-vivo and in-vitro studies, clini​caltr​ials.​gov, and case reports.

Genomic mutations and implications on treatment outcomes
Etiology and risk factors

As suggested by a number of studies and case reports, ATC biopsies often yield 
well-differentiated thyroid cancer in addition to anaplastic cells with some 
findings suggesting transformation from well-differentiated thyroid cancer to 
anaplastic thyroid cancer [4–8].

During our search in the literature, we have found that the most important 
risk factor for ATC is a history of thyroid cancer (especially well-differentiated 
thyroid cancer) [19]. Also, it is reported that about 20-70% of all ATC cases 
had preexistent well-differentiated thyroid cancer [4, 20–22]. Smoking, alco-
hol intake, and professional exposure to chemicals were not found to be 
correlated with the pathogenesis of ATC but history of radiation exposure 
was debated [19, 23].

Clinical presentation and sample collection
Patients with ATC commonly manifest with either a pre-existing neck mass 
previously deemed non-interventional or with a sudden, rapid enlargement 
of a neck mass. In either scenario, accompanying symptoms may include 
alterations in voice, swallowing function, compromised airway integrity, and 
the onset of neck pain. Subsequently, patients seek evaluation from special-
ized healthcare providers such as endocrine surgeons or otolaryngologists for 
comprehensive assessment and management. Notably, a significant propor-
tion of these patients may reside at considerable distances from specialized 
centers of excellence with primary focus on endocrine oncology.

After harvesting samples, mainly through surgical excision, histopatho-
logical and genomic sequencing take place. Most of the samples collected 
are either formalin-fixed, paraffin-embedded (FFPE) tissue, or fresh frozen 
tissue (FFT) [24]. Core needle biopsy is recognized as a minimally invasive 
and reliable procedure, providing a histological sample that maintains its 
cytologic features. It may be considered particularly useful in cases where 
surgical intervention is not feasible for the patient [25] Additionally, there 
is increasing attention on liquid biopsy for thyroid malignancies, involv-
ing the detection of circulating cell-free DNA. This approach has shown 
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promising outcomes in the early detection of thyroid malignancies and 
exhibits high concordance rates with tissue sequencing, typically conducted 
on surgically excised tissue [26, 27]. Fine needle aspiration (FNA) biopsy 
may be used initially for analyzing thyroid nodules, but the low cellular-
ity yielded often leads to uncertainty about the diagnosis of aggressive 
thyroid cancer. Samples used for ATC genomic analysis are both thyroid 
cancer–derived cell lines and patient-derived. Thyroid cancer–derived cell 
lines is significantly smaller compared with other common tumor types 
and has been studied in the literature [28].

Current diagnostic and management at our center
Anaplastic thyroid cancer presents challenges at all stages of diagnosis, 
treatment, age and medical comorbidity. Guidelines are available from the 
American Thyroid Association, National Comprehensive Cancer Network 
and American Society of Clinical Oncology (among others) that can guide 
patients and physicians in optimal treatment of this rare disease. In this 
review we focus specifically on genomic and immune therapy treatments for 
anaplastic thyroid cancer, however a close and speedy collaboration between 
all members of the thyroid cancer treatment team is essential. We recom-
mend that patients be seen or connected with high volume centers with 
significant experience in diagnosing and treating anaplastic thyroid cancer. 
These centers are also locations where clinical trials are available for patients, 
which would allow us to strengthen the evidence base that underpins many 
recommendations.

In many cases of anaplastic thyroid cancer that present to our center, there 
is often a rapid onset of symptoms around the neck, typically dysphagia or 
airway insecurity. Patients may or may not have had previous neck biop-
sies that yielded non diagnostic results. If a patient has a rapidly enlarging 
neck mass with a thyroid malignancy, the exact level of differentiation (well/
poorly/undifferentiated) almost does not matter. As long as other possible 
malignancies such as squamous or hematologic are sufficiently ruled out 
our first step is to check a BRAF V600E immunohistochemistry stain. Clini-
cally the patient is seen by surgeons, endocrinologists, medical and radiation 
oncologists as an emergency case. The priority is recognizing the severity of 
the diagnosis and expediting workup with extra emphasis on airway security.

Anaplastic thyroid cancer is one where typically proceeding directly to 
debulking surgery or radiation is to be avoided. We tend to use drug therapy 
first, typically genomically driven +/- immune therapy, or paclitaxel with 
carboplatin if genomic information is pending but treatment must be started. 
This can be delivered for 1-3 weeks while pathologic testing, patient stabi-
lization and a definitive treatment plan is established. After initial staging 
imaging, which includes brain imaging, we typically proceed with radiation 
or surgery if the disease is localized without distant metastatic disease. In 
patients who present with locally advanced unresectable or metastatic dis-
ease the following approaches based on genomic abnormalities and immune 
therapies are implemented.
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Genomic mutations
Differentiated thyroid cancers can evolve to more aggressive forms, poorly 
differentiated (PDTC) and ATC, by acquiring additional genetic alterations 
which deregulate key pathways. SWI/SNF (SWItch/Sucrose Non-Ferment-
able) disruption appears to lock thyroid cells into a de-differentiated state 
that is no longer reversible by blocking the MAPK pathway. This suggests 
that SWI/SNF mutations may be markers of resistance to redifferentiation 
strategies [15]. Also, mutations in the promoter of telomerase reverse 
transcriptase (TERT) were observed 73% of ATC, and their occurrence cor-
related with aggressive behavior and the propensity for metastasis [15].. 
There are specific combinations of genetic defects in ATC within the PI3K 
pathway showing distinct trends alongside mutations that activate the 
MAPK pathway. Oncogenic mutations in PIK3CA tend to aggregate within 
tumors already carrying the BRAFV600E mutation, whereas losses in PTEN 
frequently occur alongside mutations in RAS and NF1 [29]. However, no 
pathognomonic mutation or histopathologic finding is sufficient in isola-
tion to confirm a diagnosis of ATC.

There is often a requirement of expert pathologic input to confirm 
the diagnosis. From a histopathological diagnostic perspective, ATC is an 
undifferentiated carcinoma that may present with a myriad of histologi-
cal growth patterns. The diagnostic challenge in small biopsies is that a 
concomitant well-differentiated thyroid carcinoma may not be sampled. 
As such, the differential could include other locoregional or metastatic 
processes. From a morphological perspective they can show cells that are 
architecturally epithelioid, spindle, giant cell, pleomorphic, rhabdoid, 
angiomatoid, or squamous. They may even show metaplastic chondroid or 
osteoid material, which may additionally confound the pathological inter-
pretation [30]. Immunohistochemical studies can be challenging to inter-
pret as well. 75% of ATC may show some degree of cytokeratin positivity, 
however, thyroid lineage marker expression is variable: thyroglobulin is 
only expressed by a minority of these tumors, TTF1 is often only focally 
expression, and about half of the cases express PAX8. Finally, presenta-
tions can either be pure ATC, ATC with a well-differentiated component 
(papillary or follicular), or ATC with a poorly differentiated component 
[4, 31]. In cases of de novo presentation of ATC, it is unclear whether 
there was an intermediate step of differentiated thyroid cancer that has 
since been obscured by the ATC component. In clinical practice there is 
no discernible difference in genomic profile obtained of ATC only vs ATC 
that also has a differentiated component.

In published analyses as well as clinical practice, BRAF (a proto-onco-
gene) or TP53 (a tumor suppressor gene) mutations are the most fre-
quent mutations found in the genetic landscaping of ATC (Table 1), with 
clinically actionable genomic mutations bolded [4, 5, 31]. Also, other 
frameshift deletions and novel anaplastic gene fusions are common for 
this type of cancer [30].
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Targeted therapy approaches for recurrent/metastatic ATC​

The wide availability of genomic testing and its incorporation into clinical 
practice has led to a change in clinical trial approaches over the last decade. 
While there is still a need for therapy options regardless of mutation status, 
newer clinical trials are including a genomic testing requirement and a bio-
marker testing component, at least for BRAF status [32••, 33].

Older ATC clinical trials do not mention the exact mutation prevalent in 
the population under investigation. However, studies that did genomic test-
ing yielded promising results (Table 2). Subbiah et al. investigated the effects 
of dabrafenib plus trametinib in BRAF V600-mutated ATC (Fig. 1). This regi-
men proven to be the most effective with 69% of patients achieving partial or 
complete response to treamtment [34]. on the other hand, sorafenib-treated 
achieved very little response rate (0-10%) with no significant improvement in 
overall survival [35, 36].. Sherman et al. investigated the efficacy of sorafenib in 

Table 1.   Molecular alterations commonly reported in undifferentiated (anaplastic) thyroid carcinoma

Pathway Genetic Alterations Ref

RAS-MEK-ERK pathway BRAF V600E
(K-H-N)-RAS mutation, amplification

[13•, 
26–29]

DNA damage response and apoptosis TERT promoter mutation, amplification
TP53 mutation, deletion
ATM mutation, amplification
BIRC3 amplification
IL7R mutation, amplification

[13•, 
27–29]

PI3K/AKT/MTOR pathway PIK3CA mutation, deletion
AKT mutation
MTOR mutation
PTEN mutation
TSC1/2 mutation
NF1/2 mutation, deletion
RB1 mutation
CDKN2A/B deletion
CDKN1B mutation, amplification

[26, 28, 
29]

Histone modification and chromatin remodeling KMT2A/C/D mutation
CREBBP mutation
ARID1A/2 mutation
PBRM1 mutation

[29]

Transmembrane receptor TGFBR1 mutation
PDGFRB mutation
NTRK1/2/3 fusion
RET fusion
ALK fusion

[6, 29–31, 
32••, 33, 
34]

RNA binding and processing EIF1AX mutation, deletion
DIS3 mutation, amplification

[29]
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combination with temsirolimus in two BRAF V600-negative patients and one 
patient (50%) showed a major response to therapy [37]. Nonetheless, more 
studies are needed to investigate the combination of sorafenib and temsiroli-
mus which may potentially have synergistic effect Another report showed that 
combination of radiation and paclitaxel plus sorafenib has significant anticancer 
activity leading to reduction in the tumor size and an increase in survival in the 
ATC xenograft model [38]. The RTOG 0912 trial was the largest clinical trial that 
studied the addition of pazopanib to radiotherapy plus paclitaxel. The study 
found that no significant improvement in overall survival was recorded in the 
pazopanib group. However, the study only recruited 71 patients despite being 
called the largest clinical trial studying anaplastic thyroid cancer which reflects 
the difficulty researchers find to study such rare disease [13•].

Other ongoing ATC clinical trials include the use of abemaciclib [33], a CDK 
4/6 inhibitor that has shown significant promise in preclinical data and animal 
models [39]. The high rate of cellular growth, intact Rb, CDKN2A/B abnormali-
ties and not elevated p16 levels seen in patient samples suggest that there may 
be a role for CDK4/6 inhibitors in recurrent/metastatic ATC.

Immune therapy in recurrent/metastatic ATC​

The immune therapy revolution of the last decade has transformed treat-
ment options and dramatically improved dozens of cancer types, from mela-
noma to triple negative breast cancer. Immune therapy has been tested in 

Fig. 1   Targets for immune therapy and small molecules in anaplastic thyroid cancer (Figure created with BioRe​nder.​com).
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numerous clinical trials of ATC with inconsistent results but is still regularly 
used. A cohort study spanning approximately 20 years examined patients 
diagnosed with anaplastic thyroid carcinoma (ATC) undergoing diverse treat-
ment modalities across varying disease stages. The study findings indicate 
that the incorporation of immune therapy alongside targeted therapy cor-
related with improvement in overall survival duration [9]. Commonly used 
biomarkers correlating with enhanced or diminished response of immune 
checkpoint inhibitors include microsatellite stable or unstable, PD-L1 score as 
determined by assorted assays on tumor cells and effector white blood cells, 
tumor mutation burden (TMB) and genomic markers such as STK11, KEAP1 
ARID1A. A high combined positive score (CPS) for PD-L1 expression is not 
reliably associated with higher responses, as can be found in other tumors 
[40]. Median TMB also tends to be lower than 10 mutations per megabase, 
and microsatellite status tends to be stable. This means the activity of drugs 
such as spartalizumab [41]was limited and did not lead to FDA-approval of 
anti-PD1 therapies. Patients with a PD-L1 score greater than or equal to 50 
had a response rate of 35%, while those with 0 PD-L1 expression had no 
responses seen. The numbers in this trial were small, so it is important not 
to draw too many conclusions about anti-PD1 therapy based on this trial.

BRAF wild type ATC tends to be the most difficult to treat ATC. Anti PD-1 
therapy is used more regularly in clinical practice. Dierks et al. documented 
the outcomes of six metastatic ATC patients lacking BRAF V600E mutations 
who received Lenvatinib in combination with Pembrolizumab. These patients 
achieved a progression-free survival (PFS) of 16.5 months [42]. Subsequently, 
a phase II (ATLEP) trial in 35 patients without the BRAF V600E mutation 
revealed a median PFS of 9.5 months and an overall survival (OS) of 10.25 
months [43]. Another factor contributing to the increased utilization of anti-
PD-1 therapy in clinical settings is not necessarily rooted in an overwhelming 
confidence in its efficacy. Rather, it often stems from the limited viability of 
alternative treatment modalities, such as conventional chemotherapy, which 
can induce excessive toxicity in this patient cohort. Moreover, targeted thera-
pies demonstrate inefficacy in the absence of identifiable genomic drivers. 
Anti-PD-1 therapies, characterized by their comparatively lower incidence of 
adverse effects, occasionally yield notable and enduring responses in patients 
with anaplastic thyroid cancer. In addition, the failure of further development 
of spartalizumab, which is no longer available, and the lack of data using 
other anti-PD1 therapies means that oncologists often must make this deci-
sion without a strong backing from the scientific literature.

There is also a promising role for anti-PD1 therapies in BRAF V600E 
mutated ATC. While BRAF mutation status does not appear to enhance or 
diminish response to anti-PD1 therapy, early reports suggest that the addition 
of pembrolizumab to may result in superior response rates and have been 
tried as a neoadjuvant approach [44]. Zafereo and colleagues have been test-
ing this approach in a prospective clinical trial NCT04675710, which may fur-
ther define the role of combination targeted and immune therapy-dabrafenib, 
trametinib and pembrolizumab (DTP).

A similar approach was taken by Lorch and colleagues using combined 
anti-CTLA4 (ipilimumab) and anti-PD1 (nivolumab) in a trial that showed 
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promising results [45]. In 10 patients with ATC 3/10 patients were reported as 
having a profound response that persisted for many months. While toxicity of 
dual immune checkpoint therapy is often a concern, the preliminary report 
suggested that it was well tolerated in the ATC population. Further details are 
expected from the publication.

Conclusion

Advances in the treatment of recurrent or metastatic anaplastic thyroid cancer 
mean have resuled in patients achieving remission, longer progression-free sur-
vival, and improved overall survival with even modest cure rates. The classical 
default recommendation of hospice has been replaced by a plethora of clinical 
trials and active research into this aggressive disease. Investment of resources into 
a very uncommon disease and advocacy by patients have resulted in improved 
outcomes, though overall, the diagnosis often is followed by a poor prognosis. 
Molecular testing is paramount with the hope of identifying a BRAF V600E 
mutation while there is still an intact airway. In this scenario, patients may be 
treated with FDA approved dabrafenib and trametinib (DT) and can sometimes 
result in extraordinary results. In patients who subsequently progress on DT, or 
lack an oncogenic driver, treatment options are fewer. Adding pembrolizumab to 
DT can be done for those who have progressed or attempting the combination 
of lenvatinib and pembrolizumab [46]. Occasionally these can result in dra-
matic responses. Finally immune therapy either as monotherapy or combined 
with targeted therapies or other immune therapies is given to ATC patients. In 
this scenario, treatment options remain poor and highlight the urgency for more 
clinical trials in ATC.

Summary of diagnostic and therapeutic approach 
for recurrent/metastatic ATC​

1.	 Anaplastic thyroid cancer (ATC) is a rare, aggressive form of thyroid malignancy 
 with a mortality rate approaching 50%, primarily affecting older individuals.

2.	 Genetic instability is a hallmark of ATC, with identified mutations like 
 BRAF V600E and RET potentially guiding treatment approaches

3.	 Immunohistochemistry and DNA next generation testing (preferred) 
 should be performed immediately after a diagnosis of ATC is made.

4.	 Determination of BRAF V600E mutated or wild type status is urgent and 
 essential, as dabrafenib and trametinib are FDA-approved options that 
 often result in rapid responses.

5.	 Determination of tumor mutation burden, which if greater than 10 mutations/ 
 Megabase can be treated with pembrolizumab as an tumor agnostic FDA- 
  approved treatment option.
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6.	 Identification of less common but clinically actionable tumor agnostic genomic 
 abnormalities such as NTRK, RET with FDA-approved treatment options.

7.	 There is growing body of evidence supporting Immune therapy, particularly in 
 BRAF wild-type ATC.

8.	 When clinical trials are not available, in select cases under expert guidance, 
 a genomic profile identifying oncogenic drivers can help select off-label 
 drugs given as monotherapy or combinations.

9.	 Advances in treatment options have improved outcomes, but overall prognosis 
 remains poor, emphasizing the need for continued research and personalized 
 approaches.
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