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Abstract

Anaplastic thyroid cancer, medullary thyroid cancer, primary thyroid lymphoma and primary thyroid sarcoma are rare thyroid cancers that comprise 5e10% of
all thyroid malignancies. Unlike well-differentiated thyroid cancers, these malignancies have few treatment options and carry a worse prognosis. The literature
surrounding these pathologies is limited, but remains an area of active research. Despite the rarity of these conditions, they remain an important part of the
differential diagnosis for any thyroid nodule. Awareness of their presentation, work-up and management is critical for oncologists and head and neck surgeons.
The purpose of this article is to provide a broad overview of these malignancies with an emphasis on emerging clinical research and therapies.
� 2017 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Statement of Search Strategies Used and
Sources of Information

PubMed, Cochrane Library and ClinicalTrials.gov were
queried for ‘anaplastic thyroid cancer’, ‘medullary thyroid
cancer’, ‘thyroid lymphoma’, ‘thyroid sarcoma’, ‘undiffer-
entiated thyroid cancer’, ‘poorly differentiated thyroid
cancer’ and ‘head and neck sarcoma’. All relevant articles
were reviewed and incorporated as appropriate.
Introduction

The National Cancer Institute estimates that about 64 300
new thyroid cancer diagnosesweremade in 2016 in theUSA.
Most patients with thyroid malignancies have well-
differentiated lesions [1e3]. These malignancies have been
extensively studied and have consensus guidelines for
diagnosis andmanagement. Theminority of patients outside
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of this category, comprising about 5e10% of all patients with
thyroid cancer [4], carry a diagnosis of a rare thyroid cancer
with an uncommon aetiopathogenesis. As a result of the low
incidence of these malignancies, there is a paucity of liter-
ature and often a lack of evidence-based physician congru-
ency regarding management. This review coalesces the
literature to provide interdisciplinary teams with an over-
view of these pathologies.We highlight the newest evidence
regarding disease presentation and management for the
following four malignancies: anaplastic thyroid cancer
(ATC), medullary thyroid cancer (MTC), primary thyroid
lymphoma (PTL) and primary thyroid sarcoma (PTS).
Anaplastic Thyroid Cancer

ATC has an annual incidence of one to two cases per
million people [5] and comprises 0.9% of all thyroid cancers
[3]. Although this only amounts towhat the National Cancer
Institute estimates to be 600 new cases in 2016, it is among
the most aggressive malignancies, contributing to 14e50%
of intra-yearly thyroid deaths [3,5]. ATC can arise de novo or
from a well-differentiated cancer, which is estimated to co-
exist in half of patients with this malignancy [6,7]. The
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average age at diagnosis is 71 years [8], with a 3:2 fema-
le:male ratio [9]. Patients with ATCmost commonly present
with an enlarging neck mass and associated pain,
dysphonia or dyspnoea that is progressive in nature [1].

Pure ATC carries an incredibly poor prognosis, with a
median survival time of 6 months [10]. Patients with small
foci of ATC within a larger well-differentiated tumour carry
substantially higher 5 year survival rates, reported as high
as 81% versus 14% for those with pure ATC [11,12]. Half of
patients with ATC have distant metastases at presentation
and less than 10% present solely with intrathyroidal disease
[8,9,13]. The natural history of ATC often results in death
secondary to asphyxiation or vessel compression [1]. With
airway management via tracheostomy, death more
commonly results from respiratory insufficiency caused by
pulmonary metastases[14].

When evaluating any type of enlarging neckmass, airway
stability is critical and should be determined before any
furtherwork-up. Computed tomographyandrarelymagnetic
resonance imaging (MRI) are indicated to characterise the
mass. Fine-needle aspiration (FNA) is carried out in attempt
to ascertain a tissue diagnosis. In our combined experience,
larger samples from core or surgical biopsy are often needed
to rule out lymphoma [1]. Nevertheless, FNA can be sufficient
for diagnosis with the help of an expert cytopathologist and
should always be attempted before proceeding to more
invasive measures. Patients must be monitored after biopsy
due to the risk of tumour bleeding that may cause mass
expansion and exacerbate airway compression.

Microscopic tissue examination shows undifferentiated
spindle, giant or squamoid cells with areas of necrosis [10].
After diagnosis, staging is determined bymeasuring tumour
burden with 18F-FDG positron emission tomography/
computed tomography (PET/CT) scan before a treatment
plan may be devised [15]. Lesions confined to the thyroid
gland are classified as stage IVA. Stage IVB characterises
lesions that have grown outside of the thyroid capsule
without distal spread; stage IVC is reserved for any lesion
with associated distant metastases [16].

The American Thyroid Association (ATA) guidelines on
the management of ATC serve as a thorough resource for
clinicians [17]. This review provides an overview of those
principles and discusses recent publications and advances
in disease management. Before any treatment decisions are
made, a fundamental understanding of the patient’s goals of
care must be obtained. Patients should be encouraged to
draft advance directives with their families early in the
disease process.

Treatment options include a combination of radiation,
surgery or chemotherapy. The hallmark of treatment for
stage IVa and resectable cases of stage IVb disease is surgical
excision of gross disease and lymph node dissection with
subsequent intensity-modulated radiation therapy. Adju-
vant systemic chemotherapy should be considered on a
case-by-case basis. However, no consensus exists on its use
for locoregional disease [17]. For patients with unresectable
local disease, radiation with or without systemic chemo-
therapy is recommended and surgery should only be
considered if the lesion later becomes resectable.
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Metastatic disease is treated with combination chemo-
radiation therapy. In accordance with the ATA guidelines,
any patient with a poor performance status or unresectable
disease should be offered the option of supportive palliative
care in lieu of aggressive treatment. Patients with higher
stage disease commonly require tracheostomy and nutri-
tional support with a gastrostomy tube [1,6]. However,
routine tracheostomy is not advocated without a frank
discussion regarding changes to quality of life [8,18]. No
standard chemotherapeutic regimen exists, although the
ATA recommends several combinations of paclitaxel,
docetaxel, carboplatin and doxorubicin [17]. In recent
studies, there have been more promising results with new
drug modalities. The combination of carfilzomab, a pro-
teasome inhibitor, and CUDC-101, a histone deacetylase, has
been shown to induce apoptosis in ATC cells [19]. Another
recent study has shown positive results through the use of
doxorubicin nanospheres combined with extracorporeal
shock wave therapy [20].

Although the ATA guidelines advise against tumour
debulking for unresectable disease, the role of surgery in
patients with tumour extension beyond the thyroid gland
has become controversial [15]. Disease extending signifi-
cantly beyond the thyroid gland has typically represented
unresectable malignancy, but the determinants of this
classification are not entirely clear [21e26]. The positive
predictive value and accuracy for computed tomography
scans correctly staging disease when compared with post-
surgical pathology reports has not been thoroughly stud-
ied and requires an experienced surgeon to decipher
tumour scans and their operative correlates [27e29]. A
recent study by Brown and Ducic [30] seemingly supports
this notion, showing longer-term survival in a cohort of
select patients with stage IVB disease after undergoing
variable resections involving the larynx, trachea and
oesophagus, as dictated by the extent of disease. In these
patients, without disease extension beyond the carotid ar-
teries, who underwent surgery and adjuvant radiation, 50%
had long-term disease-free survival ranging from 9 months
to 8 years [30]. Other recent studies support the use of
aggressive multimodality treatment including surgery and
curative radiation therapy [31,32]. On multivariate analysis
of factors predictive of survival, Mohebati et al. [32] showed
hazard ratios less than 0.5 for patients receiving multi-
modality treatment with surgery and those whose surgery
resulted in complete or near complete resection with only
residual microscopic disease.

Ongoing research attempts to further characterise the
mutations that enable the development of ATC, including
the importance of: TP53 (50e80%), CTNNB1 (5e60%) and
AKT1 (5e10%), which are unique to ATC [33,34]. The lack of
effectiveness of current chemotherapeutic regimens is
driving the search for more targeted therapies. Within the
past 5 years, multiple trials have tested the efficacy of newly
developed drugs, which are summarised in Table 1. Despite
minimal improvements in outcomes, none has proved to be
a breakthrough treatment. The most recent of these newly
tested medications, fosbretabulin, was studied in the 2014
FACT Trial (Fosbretabulin in Anaplastic Cancer of the
ignancies: an Overview for the Oncologist, Clinical Oncology (2017),



Table 1
Summary of recent clinical trials for the treatment of anaplastic thyroid cancer

Reference Intervention Outcomes

[35] Fosbretabulin (tubulin binding vascular disrupting agent)þCP �80 patients
�Fosbretabulin/CP arm: n ¼ 55

B Median survival time ¼ 5.2 months
B Hazard ratio 0.73

�CP arm: n ¼ 25
B Median survival time ¼ 4.0 months (P ¼ 0.22)

�No significant difference in PFS between the two arms
[36] Sorafenib (tyrosine kinase inhibitor) �20 patients

�Median PFS ¼ 1.9 months
�Median survival time ¼ 3.9 months

[37] Efatutazone (PPAR-g agonist)þpaclitaxel �15 patients
�0.3 mg Efatutazone trial arm:

B Median PFS ¼ 68 days
B Median survival time ¼ 138 days

[38] Pazopanib (kinaseþVEGFR inhibitor) �16 patients
�No confirmed RECIST responses
�Median PFS ¼ 62 days
�Median survival time ¼ 111 days

VEGFR, vascular endothelial growth factor receptor; CP, carboplatin/paclitaxel; PFS, progression-free survival; RECIST, Response Evaluation
Criteria in Solid Tumors.
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Thyroid), but was not found to have a significant effect on
progression-free survival [35]. However, it is important to
note that the control arm consisting of carboplatin AUC 6
and paclitaxel 200 mg/m2 was previously untested and
showed higher than expected activity, making it difficult to
make an informed conclusion about the utility of the drug.
At the time of this review, 19 active studies registered
through ClinicalTrials.gov are investigating various treat-
ment modalities.

Pure ATC has a very poor prognosis and is most often
fatal. ATC that arises from a differentiated cancer carries an
improved prognosis, with survival rates dependent on the
proportion of undifferentiated cells [12]. Long-term survival
is associated with resectability of locoregional cancer,
localised intrathyroidal disease, coexistence with differen-
tiated disease, and the absence of distal metastases
[12,39e41]. Treatment of this condition requires a multi-
disciplinary team with a patient-centred approach to care-
fully assess and treat primary disease extension, metastatic
disease burden and airway.
Medullary Thyroid Cancer

MTC arises from calcitonin-producing parafollicular c-
cells and comprises 2.1% of thyroid malignancies. It is
increasing in frequency, with a 2.3% average annual increase
in incidence between 1992 and 2012 [1,3]. The average age
at diagnosis is 50, with 30% of patients under age 40 years
[42]. Women aremore commonly affected than men, with a
ratio of 3:2 [42].

There are two pathways that lead to the development of
MTC from parafollicular c-cells. About 25% of cases are
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hereditary in nature and are associated with the autosomal
dominant RET proto-oncogene, which is the driving muta-
tion in the multiple endocrine neoplasia (MEN) 2A and 2B
syndromes. These cancers are more likely to be multifocal
and bilateral because all cells in the thyroid contain the
dominant RET oncogene [43e49]. The remaining 75% of
cases are non-hereditary, occurring due to a single sporadic
mutation that results in a unilateral lesion [50,51]. About
half of these sporadic mutations also occur in the RET gene,
which is associated with more aggressive disease and a
worse prognosis [46,52].

Patients with a known family history are often diagnosed
in the preclinical phase with DNA testing. MEN2A typically
occurs in the third decade of life and is far more common
than MEN2B, which only accounts for 2% of all MTC and
occurs during the first decade of life [53]. The MEN2A
syndrome is associated with pheochromocytoma and hy-
perparathyroidism, whereas MEN2B is associated with
mucosal neuromas, marfanoid habitus and pheochromo-
cytoma [43,44,54,55].

Non-hereditary or MEN2 index patients most commonly
present with a painless thyroid nodule, often accompanied
by palpable cervical adenopathy [50,56]. Because paraf-
ollicular c-cells are neuroendocrine cells in origin, they may
produce carcinoembryonic antigen (CEA), prostaglandin and
serotonin. Excess production of these hormones can cause
systemic symptoms, such as diarrhoea or flushing [13,50]. In
a retrospective study evaluating 1252 patients with MTC,
Graff-Baker et al. [57] found that 48% of patients do not have
extrathyroidal disease on diagnosis. Thirty-five per cent
exhibited regional spread at diagnosis, whereas another 13%
were found to have distal metastases. MTC most frequently
metastasises to the mediastinum, liver, bone and lung [58].
ignancies: an Overview for the Oncologist, Clinical Oncology (2017),
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Diagnosis of MTC involves ultrasound and FNA of a thy-
roid nodule to obtain tissue diagnosis [15]. Elevated levels of
serum calcitonin >60 pg/ml are suggestive of MTC,
although significant controversy exists regarding screening
cut-off values [59,60]. Histologically, MTC is composed of
heterogeneous infiltrating cells and classically contains
amyloid deposits of polymerised calcitonin, although this is
not always present [61]. Both calcitonin and CEA levels
correlate with tumour burden and should be used to guide
work-up and therapy [45,62]. Thyroid and neck ultrasound
are indicated for staging purposes [15]. Calcitonin levels
>500 pg/ml warrant further screening for metastatic dis-
ease to the mediastinum and other body sites via computed
tomography of the chest and MRI of the liver [15,45,63].
Routine 18F-FDG PET scanning is not indicated because of
poor sensitivity for MTC, but 18F-DOPA can be used as a
radiotracer [64].

All patients diagnosed with MTC should be screened for
germline RET mutations before starting any medical or
surgical treatment. In the presence of a positive germline
mutation or in whom genetic testing is not possible,
screening for hyperparathyroidism and pheochromocy-
toma should be carried out to prevent intraoperative com-
plications [1,50].

The treatment for MTC includes total thyroidectomy and
central neck lymph node dissection. Prophylactic ipsilateral
dissection of levels IIeV should be strongly considered in
the presence of central neck disease due to the high rates
(>77%) of ipsilateral occult nodal involvement [65]. For
patients with elevated calcitonin or clinically evident lateral
neck disease, ipsilateral lymph node dissection of levels
IIeVI should be carried out with consideration of bilateral
neck dissection [45]. The incidence of contralateral node
involvement is directly proportional to the extent of central
node disease, reaching 77% when 10 or more central nodes
are involved [65]. For patients with known MEN, prophy-
lactic thyroidectomy is indicated by age 5 years for MEN2A
and by age 1 year for MEN2b [15]. External beam radiation
is indicated only for unresectable margins or rarely as
adjuvant therapy for residual disease [15]. Postoperative
Table 2
Summary of phase III trials of tyrosine kinase inhibitors for the treatm

Reference Inclusion criteria Interv

EXAM Trial
[69]

Progressive unresectable locally
advanced or metastatic MTC

Caboz
daily

ZETA Trial
[70]

Stable or progressive unresectable
locally advanced or metastatic MTC

Vand
daily

PFS, progression-free survival
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monitoring of calcitonin and CEA play a crucial role to
evaluate for persistent or recurrent disease. The ‘doubling
time’ of calcitonin, meaning the time required for serum
calcitonin levels to double, should be calculated for its
valuable prognostic information. A doubling time of greater
than 6 months is associated with a 5 year survival of 92%,
whereas a doubling time less than 6 months is associated
with a 5 year survival of 25% [66]. In accordance with the
National Comprehensive Cancer Network (NCCN) guide-
lines, serum calcitonin greater than 150 pg/ml suggests
residual or recurrent disease and warrants further imaging
of the neck, chest and abdomen [15,60,67].

Recurrent or persistent MTC is best treated with surgery.
However, cases of severely advanced or otherwise unre-
sectable disease can be treated with radiation and systemic
therapy. In such cases, single-agent targeted chemotherapy
against RET and vascular endothelial growth factor receptor
(VEGFR) tyrosine kinases with cabozantinib or vandetanib
offers the best prognosis, particularly for patients whose
cancers carry a RET mutation [45,68e70]. Recent phase III
clinical trials show significantly improved progression-free
survival rates with hazard ratios of 0.28 and 0.46 for cabo-
zantinib and vandetanib, respectively (Table 2). Because
these studies used different enrolment criteria, it is not clear
if one of these medications is associated with superior
outcomes. Although both agents are Food and Drug
Administration approved for the treatment of advanced
disease, the cabozantinib trial shows more convincing evi-
dence for effectiveness in patients without a RET mutation.

Cytotoxic agents are not recommended as a first-line
treatment due to response rates lower than 20%
[45,68,71e73]. Newer drugs continue to be investigated.
Lenvatinib, a tyrosine kinase inhibitor, was recently shown
to have modest responses in phase II trials [74] and there
are currently 20 active trials registered on ClinicalTrials.gov
in search of more promising therapies.

The overall prognosis of MTC is related to age and disease
stage at diagnosis. MTC is a serious and potentially lethal
condition, but generally carries a favourable prognosis,
especially for those with early stage disease who achieve
ent of medullary thyroid cancer (MTC)

ention Outcomes

antinib 140 mg
versus placebo

Cabozantinib arm: n¼219 patients
� Median PFS ¼ 11.2 months
� Hazard ratio ¼ 0.28
� Responses observed in

patients without RET mutations

Placebo arm: n ¼ 111 patients
� Median PFS ¼ 4 months

etanib 300 mg
versus placebo

Vandetanib arm: n ¼ 231 patients
� Estimated median PFS ¼ 30.5 months
� Hazard ratio ¼ 0.46

Placebo arm: n ¼ 100 patients
� Median PFS ¼ 19.3 months
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complete remission. Ten year survival for all MTC ranges
from 20.7% in stage IV disease to 100% in stage I cancers
[75e77]. The key to successful treatment of such patients is
early diagnosis with appropriate surgical intervention fol-
lowed by careful postoperative monitoring.
Primary Thyroid Lymphoma

PTL comprises 1e5% of all thyroid malignanciese [78,79].
The average age at diagnosis is 66 years old [57] and the
strongest risk factor for PTL is Hashimoto’s thyroiditis, with
a reported 67e80-fold increased risk [80,81]. Eighty-seven
per cent of patients diagnosed with PTL have a history of
Hashimoto’s thyroiditis [82], making it significantly more
common in women [57].

PTL presents as a painless enlarging neck mass without
constitutional symptoms [83]. Ultrasound and FDG PET/CT
are the most useful imaging modalities in diagnosis
[84,85]. PTL usually presents with firm and diffuse thyroid
enlargement, which feels more rubbery than rock hard as
with ATC; however, both of these pathologies share
physical examination findings, gland palpation findings
and symptoms.

FNA frequently yields inconclusive information and as
such, core or incisional biopsy is often required [1,86e88].
In a large retrospective review, Sharma et al. [86] showed
that 100% of patients who initially underwent FNA required
additional tissue to guide treatment. Nearly one-third of
patients ultimately treated for thyroid lymphoma had false-
negative FNAs, indicating the importance of pursuing an
Fig 1. Primary thyroid l
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aggressive work-up when concerning imaging or physical
examination findings are present. However, the addition of
flow cytometry and immunohistochemistry to FNA signifi-
cantly increases its sensitivity and specificity [89].

PTL can be broken down into multiple subtypes, illus-
trated in Figure 1. Most cases of PTL arise from B-cells that
form non-Hodgkin’s lymphomas. However, T-cell lym-
phomas, plasmacytomas and Hodgkin’s lymphomas have
been reported, but are exceedingly rare [88,90]. The three
main subtypes of B-cell non-Hodgkin’s lymphoma are
mucosal-associated lymphoid tissue (MALT) lymphoma,
diffuse large B-cell lymphoma (DLBCL) and a mixed variant
[82]. MALT lymphoma is generally low grade with indolent
growth, whereas DLBCL is more aggressive. The mixed
variant behaves more similarly to DLBCL [79,88,91e93].

PTL is treated with chemoradiation therapy. Surgery is
reserved for early stage MALT or for patients with
compressive symptoms [83,94]. Some patients with
neglected advanced primary disease develop severe
compressive symptoms of the oesophagus or trachea and
may require tracheostomy or gastrostomy tube placement
temporarily while beginning systemic therapy. Specialised
airway management with experienced head and neck and
anaesthesia teams is necessary in these specific patients
and caution should be taken in any gastrostomy tube
referral without airway evaluation. The chemotherapeutic
regimen most often used is CHOP, which consists of cyclo-
phosphamide, hydroxydoxorubicin, vincristine and pred-
nisone with rituximab recently added for patients with
DLBCL [95e97]. Rituximab is a monoclonal antibody against
CD20, thereby offering specificity to B-cells and a much
ymphoma subtypes.
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more targeted treatment. The addition of rituximab has
been found to substantially decrease relapse rates from 21%
to 7% when added to the standard CHOP regimen [97].

The prognosis for PTL is correlated with its stage. Staging
is based on the degree of disease extension from the thyroid
gland. Stage IE disease is localised to the thyroid gland;
stage IIE disease is localised to the gland but also involves
regional lymph nodes; stage IIIE disease involves spread to
lymph nodes on both sides of the diaphragm; stage IVE
disease has spread to distant sites of the body [57].
Regardless of PTL subtype, early stage disease has a
favourable prognosis, with a 5 year survival rate >85% for
stage IE PTL [57,82]. Higher stages have poorer outcomes,
with a 64% 5 year survival rate for patients with stage IIIE
and IVE disease [57].

Despite the potential lethality of PTL, early stage disease
carries a favourable prognosis. This emphasises the impor-
tance of obtaining a timely diagnosis with flow cytometry
bymaintaining a high suspicion for lymphoma, especially in
patients with Hashimoto’s thyroiditis.
Primary Thyroid Sarcoma

PTS is an exceedingly rare condition that comprises less
than 1.5% of all thyroid malignancies and mostly affects
patients aged 60e80 years old [98e100]. PTS encompasses
many subtypes of thyroid sarcoma, including angiosarcoma,
hemangioendothelioma [101], fibrosarcoma [102], leio-
myosarcoma [103] and fibrous histiocytoma, among others
[104,105]. This cancer mimics distant tissue, making it
important to first rule out metastatic disease involving the
thyroid before establishing a diagnosis of a primary thyroid
malignancy.

The most significant risk factor for PTS is the increased
risk of angiosarcoma associated with iodine-deficient
goiter. A substantially higher incidence of disease is found
in the European Alpine region, where about 16% of thyroid
malignancies are angiosarcoma [106], but occurrence
outside of this area is exceedingly rare [107]. Nevertheless,
most other patients with PTS do not possess a specific risk
factor for this entity.

PTS presents as a thyroid nodule without any additional
symptoms unless the disease is advanced [98]. The diag-
nostic algorithm involves thyroid ultrasound followed by
FNA. On ultrasound, these lesions exhibit a non-specific
hypo-hyperechoic pattern [108]. It is important for the pa-
thology team to recognise that certain subsets of sarcoma,
especially angiosarcoma, can often have similar pathological
findings to other thyroid malignancies [109]. In addition to
histological evaluation, immunohistochemistry plays an
important role in diagnosis, by staining for CD31, which is the
most sensitive and specificmarker aswell as CD34 and factor
VIII [110]. These tumours generally stain negative for pan-
cytokeratin and thyroglobulin, although there is a subset of
epithelioid angiosarcomas that are cytokeratin positive [107].

Although there is no consensus within the literature on a
comprehensive treatment plan for patients with PTS, sur-
gery plays a central role in nearly all cases. Adjuvant
Please cite this article in press as: Spielman DB, et al., Rare Thyroid Mal
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therapies have not been specifically studied, but there is an
emerging body of literature regarding treatment of head
and neck soft tissue sarcomas, which encompasses PTS.
Providers may extrapolate from these studies, but it is not
clear if PTS behaves identically to other head and neck
sarcomas. The NCCN guidelines on head and neck sarcomas
recommend surgical management as primary therapy in
cases with resectable disease and an anticipated ‘acceptable
functional outcome’. They recommend chemoradiation
therapy for patients where resection has inadequate mar-
gins. For patients with unresectable disease or unacceptable
functional outcomes with surgery, chemoradiation therapy
becomes the mainstay of treatment with subsequent sur-
gical intervention if the tumour becomes resectable
[111,112]. As with any sarcoma, negative margins with sur-
gery are critically important. Specifically, a challenge to
head and neck surgeons is obtaining the recommended
1e4 cm margin clearance around the cancer to minimise
local recurrence rates. Surgeons must consider the balance
between local recurrence rates and functional outcomes
after reconstruction. Pre-surgical chemotherapy or radia-
tion should be considered in each individual case where
there is doubt regarding the ability to obtain negative
margins. The whole body sarcoma literature has not fully
parsed out the role of multi-modality treatment order,
specifically in regards to optimising margin control and
local recurrence rates; however, it is clear that negative
margins are the most predictive factor in controlling local
disease and sarcomas overall do volumetrically respond to
pre-surgical treatment. Future studies are needed to
address the optimisation of margin control with multi-
modality treatment.

In the largest review to date, Surov et al. [108] evaluated
142 cases of PTS. They reported that 70% of patients pre-
sented without distal metastases, but leiomyosarcoma and
angiosarcoma were more likely to be metastatic on pre-
sentation, most often involving the lung. In their review, 75
patients were treated with surgery alone, whereas 53 had
surgery with adjuvant chemoradiation. Only seven patients
were treated without surgical intervention.

Limited information is known regarding the overall
prognosis or 5 year survival of patients with PTS, which
probably varies with each subtype. One study reported a
33% 5 year survival for angiosarcoma and noted that pa-
tients present at a late stage [106]. By contrast, the 4 year
survival rate for all patients with general head and neck soft
tissue sarcoma is 72%, but these data are not limited spe-
cifically to patients with thyroid sarcoma [113]. Surgery
plays a significant role in the management of this malig-
nancy, but given the paucity of research and the lack of
consensus on systemic therapy, patients who carry this
diagnosis should be treated aggressively by experienced
multidisciplinary physician teams.
Conclusion

ATC, MTC, PTL and PTS are rare tumours that make up a
small proportion of all thyroidmalignancies. Most providers
ignancies: an Overview for the Oncologist, Clinical Oncology (2017),
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do not have extensive experience treating these conditions,
especially in multidisciplinary coordination, and the guid-
ing literature available is limited due to low disease prev-
alence. Despite current treatments, these aggressive
malignancies result in significant morbidity and mortality.
As such, clinical trial investigations are of vital importance
in search of future advancements. It is the responsibility of
providers to establish a timely diagnosis for suspicious
thyroid nodules in order to quickly initiate appropriate
treatment to optimise outcomes for these rare cancers.
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