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Abstract: Anaplastic thyroid cancer (ATC) is a deadly disease with a dismal prognosis. Molecular

analyses of AT'C tumors have yielded interesting results, which could help in understanding the underlying

mechanisms of this aggressive disease process. Managing AT'C can be challenging and includes rapid

diagnosis, adequate staging, and interdisciplinary, multimodal treatments to optimize patient outcome.

Treatments include surgical resection to gross negative margins when possible, as well as neo- or adjuvant

treatment with chemotherapy or external beam radiation (XRT) for locoregional disease. New treatment

strategies include evaluating the benefits of vascular disrupting agents and tyrosine kinase inhibitors for

advanced ATC with driver mutations, which can be targeted. This review summarizes key concepts in

managing ATC.
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Introduction

Anaplastic thyroid cancer (ATC) occurs in less than 2%
of all thyroid cancer cases, affecting 1 to 2 individuals per
million every year in the United States, and it is almost
uniformly lethal. Patients are usually in their 6" or 7"
decade of life at presentation, have an average median
survival of 5 months, and less than 20% are alive 1 year
after diagnosis (1,2). Due to the extremely aggressive
behavior of AT'C, the American Joint Committee on Cancer
(AJCC) defines all of its stages as stage IV. Depending
on the extension of the primary tumor, lymph node
involvement, or presence of distant metastases (DM), ATC
staging is divided into stage IVa, IVb, and IVc (7able 1).
Although survival rates have not significantly improved in
six decades, multimodality treatment, including surgery,
radiation, chemotherapy, and targeted therapy, is considered
the best strategy for improving outcome in patients
diagnosed with ATC (3).

Pathogenesis

Different histopathologic growth patterns of AT'C have been
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described, including spindle, pleomorphic, and squamoid
morphologies. One of these patterns may predominate in
a given tumor, or the tumor may show a mixed feature of
two, or even all three, types. All three growth patterns have
common distinctive features of dedifferentiated behavior,
such as giant cells, numerous mitotic figures and atypical
mitoses, extensive necrosis surrounded by inflammatory
infiltrates and occasionally osteoclast-like giant cells, as
well as, less commonly, the presence of neoplastic bone and
cartilage (4-7). Although useful for diagnosis of AT'C on
histo- and cytopathology, histopathologic growth patterns
do not appear to be associated with patient prognosis (8,9).

ATC is thought to originate in differentiated thyroid
cancers of follicular cell origin, as a result of dedifferentiation.
Up to 80% of AT'C occurs in the setting of a long-standing
goiter, possibly in the background of an undiagnosed,
well-differentiated thyroid cancer (8). Dedifferentiation is
associated with gains and deletions in multiple chromosomal
regions and involves a complex process involving multiple
events, including cell cycle derangement and signal
transduction pathway disturbances (10-12).

Several mutations have been described in AT'Cs (Tuble 2).
Some, such as those in the BRAF and RAS oncogenes, are
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Table 1 Staging of anaplastic thyroid cancer

Classification Tumor Lymph nodes Metastases
Stage IVa T4a' Any N MO
Stage IVb T4b* Any N MO
Stage IVc Any T Any N M1

™T4a, tumor does not extend beyond the thyroid capsule;
*T4b, tumor extends beyond the thyroid capsule (http://
www.cancer.org/cancer/thyroidcancer/detailedguide/
thyroid-cancer-staging).

Table 2 Commonly mutated genes and differentially expressed
microRNAs in ATC (13)

Gene Frequency of . .
mutation mutation in ATC (%) microRNA  Expression
Axin 82 222 Upregulated
TP53 55 221 Upregulated
B-Catenin 38 146b Upregulated
BRAF 26 106a,b Upregulated
RAS 22 17-92 Upregulated
PIK3CA 17 618 Downregulated
PTEN 12 138 Downregulated
APC 9 125b Downregulated

30d Downregulated
26a Downregulated

ATC, anaplastic thyroid cancer.

also commonly found in differentiated thyroid cancers,
implying that these mutations may be early events in cancer
formation (14-17). PIK3CA and PTEN gene mutations
also occur in both differentiated thyroid cancer and ATC
(14,16,17). Mutant PIK3CA and aberrant activation of
the PI3K/Akt pathway were found in greater than 50%
of ATCs. These abnormalities are believed to play an
important role in thyroid cancer progression, as they have
been suggested to promote progression of adenomas to
follicular thyroid cancer and ATC based on a frequency of
mutation/activation of this pathway that is relatively higher
in cancer than in benign tumors (18,19).

The TP53 tumor suppressor gene mutation, on the
other hand, is found almost exclusively in ATCs and
likely represents a late event in dedifferentiation (20,21).
This hypothesis is supported by experiments achieving
redifferentiation of ATC tissue and restoration of cellular
response to physiologic stimuli after re-expression of

wild-type p53 (22). Decreased E-Cuadberin and B-Catenin
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Figure 1 Patient with ATC who presented with a large fungating
neck mass. AT'C, anaplastic thyroid cancer.

expression has also been found in poorly differentiated
thyroid cancer and ATC. Loss of both adhesion molecules
is associated with progressive loss of tumor differentiation
and epithelial-to-mesenchymal transition, and low
membrane B-Catenin expression and CTNNBI exon3
mutation have been associated with poor prognosis in ATC
(18,23,24). Additional dysregulated genetic events, such as
microRNA and epigenetic alterations, may also contribute
to ATC pathogenesis (2,25,26) (Table 2). Currently, most
clinical management guidelines, such as those of the
American Thyroid Association and the European Thyroid
Association, do not recommend the use of molecular studies
for diagnosis or management of AT'C, as there is insufficient
evidence of their clinical utility (9).

Clinical presentation and diagnosis

Most patients with AT'C present with a rapidly enlarging
neck mass (Figure 1) and locoregional symptoms, such as
dyspnea, dysphagia, and neck pain. Other symptoms of ATC
can be related to invasion in any neck structure, including
the recurrent laryngeal nerve (RLN) (causing hoarseness),
parasympathetic chain (causing Horner’s syndrome), or
even carotid arteries (causing stroke, hematoma).

Approximately 40% of patients with ATC initially
present with cervical lymphadenopathy, and up to 43% of
patients have DM, most commonly to the lung, followed by
bone and brain metastases (1).

The most important management consideration in
patients with ATC is a rapid and accurate assessment of
the disease burden, since tumor doubling time can be
very short (i.e., days), therefore acutely compromising the
airway in these patients and in some cases, rendering the
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Figure 2 CT of the neck in a patient with a large ATC displacing the trachea laterally (A, black arrow) and showing a hypermetabolic focus

on a PET scan (B, white arrow). AT'C, anaplastic thyroid cancer.

tumor unresectable. Airway assessment and management
should always have the highest priority and include a direct
laryngoscopy and bronchoscopy if tracheal invasion is
suspected.

As with any thyroid mass, a fine needle aspiration (FINA)
should be performed first. This often secures the diagnosis (27).
If the FNA is nondiagnostic, a core needle or open biopsy
should be undertaken (9). The differential diagnosis for
ATC includes poorly differentiated thyroid cancer, large cell
lymphomas, medullary thyroid carcinoma, direct extension of
a laryngeal carcinoma, primary squamous cell carcinoma of
the thyroid, and metastatic melanoma (6,9).

Laboratory evaluation in patients with ATC should
include complete blood count, basic metabolic profile, liver
function, coagulation factors, and thyroid function tests (9).
Thyrotoxicosis, hypocalcemia, and leukocytosis have all
been described in patients with AT'C. Additionally, since
ATC occurs most commonly in patients who are elderly and
some of these patients suffer from dysphagia and weight
loss, a thorough nutritional assessment, including measuring
albumin and/or pre-albumin levels, should be performed
preoperatively.

Cross-sectional imaging such as CT and MRI of the
neck and chest should be obtained prior to surgery to
assess the extent of the tumor and degree of invasion of
adjacent structures (Figure 2). Such information is critical for
operative planning and/or to determine whether neoadjuvant
therapy is indicated. Radiologic studies should not delay
urgent therapeutic intervention and should be scheduled
expeditiously. High-resolution ultrasound is a convenient,
rapid, and easy imaging test for assessing tumor extension,
involvement of central or lateral nodes, and invasion into
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adjacent structures (9). In patients with symptoms suggestive
of tumor involvement, esophagogastroduodenoscopy (EGD)
and/or bronchoscopy can assess esophageal or tracheal
involvement, respectively.

Although, as with any other cancer, a complete staging
should be performed before treatment, this process should
not delay primary management of ATC (e.g., biopsy to
diagnose DM). CT imaging of the head, chest, abdomen,
and pelvis are helpful in ruling out DM. "FDG PET CT
has recently gained favor for ATC staging since it appears
to be more accurate at detecting DM than routine total
body CT (28). Additionally, high FDG uptake values on
PET have been correlated with poor survival in ATC (28).
Additional tests, such as serum markers, should be used if
another primary tumor is suspected. Finally, a biopsy of
metastases, with or without immunohistochemistry, can
confirm the diagnosis of metastatic ATC (9).

Surgical treatment

There are two cardinal rules for the management and
surgical planning of patients with AT'C: (I) assessment of
airway; and (II) expeditious treatment (“Time is of the
essence”).

Maintaining and securing a patent airway in patients
with AT'C can be challenging. Routine tracheostomy is not
recommended, does not improve quality of life or prolong
life, and is best avoided unless there is impending airway
compromise (29). Recommendations for tracheostomy
include: (I) acute airway distress; (II) unresectable tumors
that would not benefit from debulking; or (III) mild dyspnea

unresponsive to corticosteroids. A tracheostomy should be
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Left strap
muscles

Figure 3 Resection bed (A) after removal of local advanced
ATGC; (B) specimen of en-bloc resection of locally advanced ATC
involving left internal jugular vein and lymph nodes metastases
to the left central (level 6) and lateral (level 2, 3, and 4) neck and
posterior triangle (level 5). ATC, anaplastic thyroid cancer; SCM,

sternocleidomastoideus muscle; RLN, recurrent laryngeal nerve.

done in the operating room and by an experienced surgeon
since large tumor mass and bleeding can obscure visibility.
Tracheal stents can be useful for airway stabilization in
the mid-trachea, but are rarely helpful in the subglottic
area. The option of palliation without tracheostomy
should be given to patients with unresectable AT'C because
tumor plugging, erosion, and bleeding can result from
tracheostomy placement in these patients, significantly
impairing their quality of life.

Surgical intervention should be determined based on
preoperative staging. A good rule of thumb is that all patients
with stage IVa or stage IVb, in which grossly negative
margins (R1) can be obtained, should have a resection
since complete resection is associated with prolonged
disease-free and overall survival (1,30,31) (Figure 3).
In the 2-15% of patients with ATC who present with
stage IVa (intrathyroidal tumor), a total thyroidectomy
with a therapeutic central and lateral neck node dissection
is recommended. This recommendation also applies to
stage IVb tumors, although neoadjuvant preoperative
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radiotherapy (XRT) can sometimes be considered in order
to downstage locally unresectable disease and subsequently
enable complete gross resection. However, here again,
airway preservation should always have the highest priority.

Gross resection, and not debulking, should be the main
goal in patients with AT'C, but the extent of resection should
be carefully weighed against the potentially devastating
morbidity of certain procedures. Planned limited resection
of the trachea or larynx may be performed with minimal
morbidity; however, laryngectomy or esophagectomy are
associated with high morbidity rates and are usually not
undertaken in the setting of such an aggressive cancer with
short survival times. It is also not reasonable to perform
extended resections if a gross tumor is anticipated to be left
behind in the neck or superior mediastinum.

In the special, and very rare, circumstance in which a
microscopic focus of ATC is found incidentally within
a differentiated thyroid cancer after thyroidectomy, the
appropriate extent of thyroidectomy is unclear as there
is no outcome data to support a specific surgical strategy.
Although certain centers advocate a more conservative
approach when an incidental focus of ATC is found, many
advocate performing a completion thyroidectomy (32). In
such clinical scenarios, it is reasonable to adapt an approach
that is best for the differentiated thyroid cancer (i.e., the
non-ATC component of the malignancy). The benefit
of adjuvant radiotherapy with or without chemotherapy
has not clearly been proven in this setting, and the ATA
guidelines recommend close observation with frequent
anatomic imaging (9).

Palliative resection of the primary tumor in stage IVc
patients should be considered if possible, to avoid future, or
treat current, airway compromise or esophageal obstruction;
such an approach has the potential to prolong survival and
enhance quality of life (33).

Complications of ATC resections include hemorrhage,
chylous fistulae, vocal cord paralysis, surgical site infection,
dysphagia, salivary fistulae, and hypoparathyroidism.

Systemic and external beam radiation (XRT)
treatment

In patients with ATC, the benefit of systemic chemotherapy
and XRT is unclear but may be considered in three clinical
settings: (I) as neoadjuvant therapy for locoregional ATC
to downstage the tumor; (II) as adjuvant therapy after
complete ATC resection or for low-volume locoregional
and distant residual disease; and (III) as palliative therapy.
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There is no standard chemotherapy regimen for ATC,
and, in the setting of unresectable or symptomatic disease,
systemic chemotherapy is best employed in a clinical trial,
as no agent(s) has provided a survival advantage significant
enough to warrant its use outside of a clinical trial.

Adjuvant therapy in the form of XRT or chemotherapy
should be started as soon as the patient recovers from
surgery, usually within 2 or 3 weeks after surgery (9). Some,
but not all, retrospective studies suggest that multimodal
therapy with a combination of surgery (RO or R1) and
definitive XRT (with or without concurrent chemotherapy)
achieves better survival rates (1,9). Even patients who
have R2 resections or unresected disease and have good
performance status should be offered radiation because this
may result in better local disease control.

In patients with nonmetastatic ATC and good
performance status, cytotoxic chemotherapy should be
added to XRT. In the past, doxorubicin has been used most
often; however, more recent drugs, such as cisplatin or
paclitaxel, have been used as radiosensitizing agents, and
studies of these drugs have reported better 1-year survival
rates, as compared to historical controls (34-37).

In cases of advanced metastatic disease (stage IVc)
related to AT'C, no cytotoxic or targeted systemic therapy
has definitively been shown to have curative potential or to
prolong survival rates. Therefore, the patient’s disease status,
performance status, and his or her wishes must be considered
before choosing the best approach, as most therapies
have risks and side effects (dysphagia, odynophagia, and
chemotherapy-induced neutropenia). Determining whether
the patient has symptomatic or life-threatening focal disease
(calling for treatment with “palliative” XRT) or more diffuse
systemic disease progression (calling for systemic therapy)
helps in determining the appropriate therapeutic approach.
Doxorubicin is the only FDA-approved drug for systemic
therapy that may be used to treat AT'C, and, while it has
achieved modest effects against advanced ATC, it is often
used in combination with other modalities (38).

A US national cancer registry study shows a longer median
survival rate with combined therapies: for stage IVa ATC,
the median survival is 11.2 months using a combination of
all three modalities (surgery, XRT, and chemotherapy) vs.
9.3 months if surgery and radiation were performed without
chemotherapy. For stage IVc ATC, the median survival is
4.9 vs. 3.5 months, respectively (39).

As no systemic therapy has been shown to improve the
survival rate or quality of life in patients with advanced
ATC, new clinical trials with targeted therapies are needed,
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and patients should be enrolled in them as soon as possible.
In a randomized study, fosbretabulin, a vascular disrupting
agent, showed some benefits when added to paclitaxel and
carboplatin (40). A recent phase II trial in 20 patients with
advanced disease who were treated with daily sorafenib, a
tyrosine kinase inhibitor, showed overall median progression-
free survival of 1.9 months, with a median and a 1-year
survival rate of 3.9 months and 20%, respectively (41).
In one patient with a BRAF V600E-mutated ATC, the
use of vemurafenib resulted in nearly complete tumor
regression (42). Further, whole-exome sequencing in
pretreated, responsive and then resistant tumor tissue to
everolimus showed mTOR pathway activation in ATC as a
target for therapy in clinical trials (43).

In the case of advanced ATC with DM, there is no
standard systemic therapy recommended. Metastases
are common to the lung and liver, which, in most cases,
present with numerous lesions. In such cases, depending on
patient functional status and tolerance, treatment with focal
radiotherapy or radiofrequency ablation may be considered
for palliation.

Surveillance and follow up

Patients with ATC who have had a complete resection
without persistent disease should undergo aggressive
surveillance with cross-sectional imaging every 1-3 months
for the first year, and every 4-6 months thereafter. FDG
PET should be considered as a useful tool to monitor
recurrence or to assess the success of treatment with
adjuvant therapies. Thyroglobulin measurements and
radioactive iodine scanning are not useful in AT'C (9).

Prognosis

Several studies have examined the factors affecting
prognosis in patients with ATC (Table 3). These prognostic
factors, including patient age, tumor size, and clinical
stage, should be considered when evaluating patients for
treatment (9). A vast majority of patients will ultimately
die from their disease and a thorough discussion regarding
prognosis should be held with patients, so they understand
the impact of their disease on their quality of life, as well
as the potential benefit of participating in experimental
clinical trials. Additionally, empathy to comfort and pain
issues in the final moments of a patient’s life are of utmost
importance. A discussion regarding “do not resuscitate”

(DNR) or “allow natural death” (AND) orders should be
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Table 3 Prognostic factors associated with decreased or increased mortality in ATC

First author Year Patient Mear.1 1-year Mortality
number survival (%)
Decreased mortality
Kihara (44) 2004 19 21 Complete resection
Kebebew (1) 2005 516 19 Age <60, no ETE, combined surgery + XRT
Kim (45) 2007 121 16 Age <60, tumor <7 cm, lower extent of disease
Increased mortality
Sugitani (46) 2001 47 16 Acute symptoms, WBC >10 k, tumor >5 cm, DM
Akaishi (47) 2011 100 21 Age >70, WBC >10 k, ETE+, DM
Sugitani (32) 2012 677 15 Age >70, acute symptoms, WBC >10 k, tumor >5 cm, T4b, DM

ATC, anaplastic thyroid cancer; ETE, extrathyroidal extension; XRT, external beam radiation; WBC, white blood cell count; DM,
distant metastases.
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