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Abstract

Most primary thyroid tumours are of epithelial origin. Primary thyroid mesenchymal tumours 

are rare but are being increasingly detected. A vast majority of thyroid mesenchymal tumours 

occur between the fourth and seventh decades of life, presenting as progressively enlarging thyroid 

nodules that often yield non-diagnostic results or spindle cells on fine needle aspiration biopsy. 

Surgery is the preferred mode of treatment, with adjuvant chemoradiotherapy used for malignant 

thyroid mesenchymal tumours. Benign thyroid mesenchymal tumours have excellent prognosis, 

whereas the outcome of malignant thyroid mesenchymal tumours is variable. Each thyroid 

mesenchymal tumour is characterised by its unique histopathology and immunohistochemistry. 

Because of the rarity and aggressive nature of malignant thyroid mesenchymal tumours, a 

multidisciplinary team-based approach should ideally be used in the management of these 

tumours. Comprehensive guidelines on the management of thyroid mesenchymal tumours are 

currently lacking. In this Review, we provide a detailed description of thyroid mesenchymal 

tumours, their clinical characteristics and tumour behaviour, and provide recommendations for the 

optimal management of these tumours.

Introduction

Palpable thyroid nodules are prevalent in up to 5% of women and 1% of men in 

iodine-sufficient regions,1 and up to 25% of individuals in endemic-goitre regions.2 

Incidental thyroid nodules are detected by ultrasonography in about 20–76% of the 

general population.3 Fine needle aspiration biopsy is considered in nodules that meet 

sonographic characteristics and size criteria according to the guidelines of the American 

Thyroid Association or American College of Radiology.1,4,5 The Bethesda system for 

reporting thyroid cytopathology is widely used to determine the likelihood of malignancy 

in a fine needle aspiration biopsy sample.1,6 Based on the cytopathological category, 

management options include clinical follow-up, repeat fine needle aspiration biopsy, 

molecular diagnostics, lobectomy, or total thyroidectomy.1,6

The most common form of benign thyroid nodule encountered on histopathological 

examination is a hyperplastic nodule (also known as adenomatous, adenomatoid, or 

follicular nodules), whereas the most common benign thyroid neoplasm is follicular 

adenoma.6 The most common forms of thyroid cancer are the differentiated thyroid cancers, 

which include papillary thyroid carcinoma and follicular thyroid carcinoma, which comprise 

more than 90% of cases of thyroid cancer. Medullary thyroid carcinoma comprises 1–5% 

and anaplastic thyroid carcinoma comprises 1∙3–9∙8% of thyroid cancers, and both are rarer 

than differentiated thyroid cancers.7,8 Although robust guidelines exist for the diagnosis, 

risk stratification, treatment, and follow-up of typical thyroid tumours that are of epithelial 

origin,1,8 insufficient data for thyroid tumours of mesenchymal origin remain. The goal of 

this Review is to summarise the current knowledge on thyroid mesenchymal tumours and 

analyse patterns of clinical presentation, diagnostic procedures, and therapeutic approaches 
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and their associated outcomes in order to propose recommendations for management of 

these tumours.

Thyroid tumours of mesenchymal origin

Mesenchymal tissues are formed by mesenchymal cells (ie, cells derived predominantly 

from embryonic mesoderm and, to a small extent, from embryonic ectoderm), which 

interact with epithelial tissue to form nearly every organ in the body.9 Mesenchymal cells 

eventually give rise to connective tissues, bones, cartilage, striated and smooth muscles, and 

the circulatory and lymphatic systems.6,9 A thyroid mesenchymal tumour is defined as a 

tumour that arises from the thyroid mesenchymal tissue, that is, the stromal and blood vessel 

elements of the thyroid gland.6 In the 2017 WHO guidelines on the classification of thyroid 

tumours, thyroid mesenchymal tumours are grouped under “paraganglioma and stromal/

mesenchymal tumors”.10 Although robust epidemiological data for the incidence and 

prevalence of thyroid mesenchymal tumours are currently lacking, these tumours comprise 

approximately 0∙3% of all malignant thyroid tumours.11 However, over the past few decades, 

thyroid mesenchymal tumours have been increasingly reported.12,13 More than 30 different 

types of thyroid mesenchymal tumours have been described in the literature (panel). A 

systematic review of data from 142 patients with primary malignant thyroid mesenchymal 

tumours between 1990 and 2014 revealed angiosarcomas in 20·4% of patients, epithelioid 

haemangioendothelioma in 16·3%, undifferentiated pleomorphic sarcoma (previously known 

as malignant fibrous histiocytoma) in 14·1%, leiomyosarcoma in 11·3%, and fibrosarcoma 

in 9·2%.14 However, metastatic mesenchymal tumours into the thyroid (from gastrointestinal 

stromal tumours, uterine leiomyosarcomas, and malignant breast phyllodes tumour) are 

more common than primary thyroid mesenchymal tumours.6 The focus of this Review is 

solely on primary thyroid mesenchymal tumours.

Data collection

Search strategy and selection criteria

We searched PubMed, Embase, and MEDLINE. Data were reviewed from full-length 

articles, including case reports, case series, observational retrospective studies, systematic 

reviews, and meta-analyses to identify thyroid mesenchymal tumours reported on any date 

before Jan 1, 2020. We used the search terms “thyroid mesenchymal tumor”, “thyroid 

stromal tumor”, “thyroid sarcoma”, and “mesenchymal tumors of the thyroid gland”. For 

the individual thyroid mesenchymal tumours, we coupled the word “thyroid” and the 

name of the specific thyroid mesenchymal tumour; for example “thyroid paraganglioma” 

or “thyroid chondrosarcoma”. We also used an alternative search phrase for specific 

thyroid mesenchymal tumours, which was “TMT name” followed by the phrase “of the 

thyroid”; for example, “paraganglioma of the thyroid” or “chondrosarcoma of the thyroid”. 

Older literature used terminologies that are no longer valid, such as haemangiopericytoma 

and malignant fibrous histiocytoma. In these situations, we grouped these reports with 

those that used updated terminologies in order to count the total number of cases. We 

excluded haematological malignancies and lymphomas, which are separately categorised as 

haematolymphoid tumours under the WHO 2017 classification.10 We excluded reports on 
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thyroid lymphangioma, a condition previously considered as a thyroid mesenchymal tumour, 

now reclassified as a vascular malformation. Spindle epithelial tumours with thymus-like 

differentiation, which predominantly contains epithelial components, was also excluded. 

The final reference list was created based on the originality of the articles as well as their 

relevance to the broad scope of this Review. We did not apply any language restriction for 

our search.

Search results

In total, we identified at least 530 cases of thyroid mesenchymal tumours described in 

the literature (appendix pp 1–10), out of which about 290 (55%) thyroid mesenchymal 

tumours were malignant, either manifesting as locally aggressive disease or as distant 

metastases. The vast majority of thyroid mesenchymal tumours were represented by 

paragangliomas (76 [14%] of 530 cases), followed by malignant vascular tumours, 

which include angiosarcomas and epithelioid haemangioendotheliomas (68 [13%]), solitary 

fibrous tumours or haemangiopericytomas (47 [9%]), benign schwannomas (37 [7%]), 

leiomyosarcomas (32 [6%]), haemangiomas (31 [6%]), osteosarcomas (31 [6%]), and 

adenolipomas (30 [6%]; figure 1). A comprehensive tabulated summary of each thyroid 

mesenchymal tumour is provided in the appendix (pp 1–4).

Clinical features

A vast majority of thyroid mesenchymal tumours occur between the fourth and seventh 

decades of life; however, these tumours have also been described at the extremes of age, 

ranging from 7 months to 97 years.12,14–16 Several thyroid mesenchymal tumours, including 

paragangliomas, adenolipomas, leiomyomas, schwannomas, malignant peripheral nerve 

sheath tumours, granular cell tumours, angiosarcomas, leiomyosarcomas, undifferentiated 

pleomorphic sarcomas, and carcinosarcomas are predominantly observed in females, 

whereas rhabdomyosarcomas, synovial sarcomas, and the Ewing sarcoma family of 

tumours are more frequently observed in males, and the rest of the thyroid mesenchymal 

tumours do not have a clear gender predilection (appendix pp 1–4).14,15,17,18 We did 

not observe any significant association between family history and incidence of thyroid 

mesenchymal tumours. There are reports on thyroid mesenchymal tumours such as 

liposarcoma, angiosarcoma, and fibrosarcoma developing after exposure to radiation.19–21 

Angiosarcoma has also been associated with a history of exposure to vinyl chloride and 

thorium dioxide.21 Kaposi’s sarcoma is likely to be found in patients with HIV infection, 

although its occurrence in an HIV-negative patient has also been reported.22 In addition, 

malignant vascular tumours show a unique geographical distribution, with a majority of 

cases occurring in the iodine-deficient Alpine regions of Europe, and comprise up to 15–

20% of all thyroid malignancies in the mountainous regions of Switzerland, Austria, and 

northern Italy.21

The most common clinical presentation of thyroid mesenchymal tumours is in the form of 

a progressively enlarging neck mass, often associated with compressive symptoms such as 

dysphagia, globus sensation, or hoarseness of voice.14,23,24 A more rapid growth along 

with systemic symptoms such as weight loss can be observed with malignant thyroid 
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mesenchymal tumours.25–27 Although the size tends to vary, many thyroid mesenchymal 

tumours reach 5–6 cm in diameter.14 Certain benign thyroid mesenchymal tumours such 

as adenolipoma and haemangioma have been reported to grow over 20 cm.24,28 Most 

individuals with thyroid mesenchymal tumours are clinically euthyroid. Only few patients 

have shown histological evidence of concomitant autoimmune thyroiditis.29 Among patients 

with thyroid paraganglioma, either sporadic or associated with familial syndromes, plasma 

or 24-h urine metanephrines are usually reported as normal.30

Imaging characteristics

The features of thyroid sarcomas on routine imaging studies, including ultrasonography, 

CT, MRI, and functional imaging studies are similar to that of the more common forms 

of thyroid nodules.1 In a cohort of 8849 patients with various thyroid disorders treated 

between 1997 and 2013 at a medical centre in Germany, thyroid sarcomas were identified 

in 0∙1% of the patients, and ultrasonography features of thyroid sarcomas in 90% of 

these patients were described as inhomogeneous hypoechoic to hyperechoic lesions, of 

which 80% had indistinct margins.31 On CT scan, the tumours were hypodense, and 

on MRI the tumours showed inhomogeneous increase in signal on T2-weighted images 

and a decrease in signal with inhomogeneous enhancement on T1-weighted images.31 In 

another study consisting of 142 patients with primary malignant thyroid mesenchymal 

tumours, sonographic data from 36 patients revealed that these tumours had a mixed 

hypoechoic to hyperechoic appearance in 58%, and hypoechoic in 36%, of patients.14 

Among the 31 patients who received a CT scan, the thyroid mesenchymal tumours 

appeared as heterogeneous hypodense to hyperdense masses in 59%, isodense in 17%, 

and hypodense in 24% of patients.14 Data for the use of functional imaging such as 18F-

fluorodeoxyglucose PET-CT in the evaluation of malignant thyroid mesenchymal tumours 

is exceedingly rare.32–34 Moreover, data for the use of other functional imaging modalities 

used to diagnose paragangliomas, such as gallium-68 dodecanetetraacetic acid-DPhe1, Tyr3-

octreotate (68Ga-DOTATATE) PET–CT, or 18-fluorodeoxyphenylalanine (18F-DOPA) PET–

CT, in the diagnosis of thyroid paraganglioma are also sparse.35,36 One study reported 

the performance of various functioning imaging studies, including 68Ga-DOTATATE PET–

CT, 18F-DOPA PET–CT, iodine-131 meta-iodobenzylguanidine (¹³¹I-MIBG) scan, and 

indium-111 octreotate scintigraphy postoperatively in four patients who had undergone 

either total or hemithyroidectomy for non-metastatic thyroid paraganglioma, and the results 

were normal in all of these scans.30 However, the utility of functional imaging has been 

documented in patients with extrathyroidal paragangliomas.

Histopathology, immunohistochemistry, and molecular landscape

On fine needle aspiration biopsy, cytological results have been reported across all 

classes of the Bethesda reporting system, ranging from non-diagnostic (category I) to 

malignant (category VI); however, most reports of fine needle aspiration biopsy have been 

either non-diagnostic or have described spindle cells on cytology.26,37–39 The differential 

diagnoses of thyroid mesenchymal tumours include medullary thyroid carcinoma, anaplastic 

thyroid carcinoma, and its atypical histological variants, Hurtle cell neoplasms, lymphoma, 

squamous cell carcinoma, and spindle cell lesions in the thyroid gland, such as the spindle 
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cell variants of papillary thyroid carcinoma, anaplastic thyroid carcinoma, hyalinising 

trabecular tumour, spindle epithelial tumour with thymus-like differentiation, Riedel 

thyroiditis, and reactive lesions such as post-fine needle aspiration biopsy spindle cell 

nodules.40 It is important to do a flow cytometry analysis in the lymphocyte-rich 

cytology specimens to assess for lymphoma, as the management strategy of lymphoma 

is substantially different to the therapy of other solid thyroid tumours, with chemotherapy 

being the first-line treatment modality. By contrast, a diagnostic surgery might have a key 

role in differential diagnosis of thyroid mesenchymal tumours, as a clear distinction between 

thyroid mesenchymal tumours and other more common thyroid nodules can be successfully 

made only through histopathology and immunohistochemistry in most cases.

A summary of histopathological and immunohistochemistry findings of thyroid 

mesenchymal tumours along with the differential diagnoses is presented in the appendix 

(pp 1–4). Malignant thyroid mesenchymal tumours might show extensive fibrosis, 

evidence of extracapsular invasion, or firm adhesion to thyroid parenchyma or adjacent 

structures (eg, the trachea or oesophagus).14 Histological variants of anaplastic thyroid 

carcinoma (eg, the sarcomatoid or paucicellular, and rhabdoid variants) can mimic 

malignant thyroid mesenchymal tumours and present a diagnostic challenge. Malignant 

thyroid mesenchymal tumours can be differentiated from these atypical anaplastic thyroid 

carcinoma variants by the lack of a well differentiated thyroid carcinoma component, 

absence of neoplastic cell infiltration of large-sized vessels, absence of palisading 

necrosis, absence of epithelial markers on immunohistochemistry, and identification 

of an extrathyroidal primary mesenchymal tumour in cases of metastatic disease.41 

Occasionally, keratins can be expressed by synovial sarcomas or malignant vascular 

tumours, but the presence of PAX8 and p63 on immunohistochemistry favours a 

diagnosis of anaplastic thyroid carcinoma.42 Calcitonin-negative and carcinoembryonic 

antigen-negative medullary thyroid carcinomas can histologically mimic paragangliomas. 

However, the morphological features of paraganglioma do not often overlap with those of 

medullary thyroid carcinomas, and a panel of immunohistochemistry markers that include 

TTF-1 for medullary thyroid carcinoma in addition to calcitonin and carcinoembryonic 

antigen, and GATA3 and SOX10 for paraganglioma would be helpful in distinguishing 

calcitonin-negative and carcinoembryonic antigen-negative medullary thyroid carcinomas 

from paragangliomas.7,43,44 Molecular analysis of the specimen might help distinguish 

between paraganglioma and calcitonin-negative and carcinoembryonic antigen-negative 

de-differentiated medullary thyroid carcinoma, as the former is characterised by somatic 

mutations in the SDHx genes, whereas medullary thyroid carcinoma does not harbour SDHx 
variants but contains RET and RAS pathogenic variants instead.7,30

Although the molecular landscape of thyroid epithelial tumours is well studied, this 

information about thyroid mesenchymal tumours remains largely unknown, mainly due 

to the paucity of molecular analysis data among reported cases. Molecular analysis of 

primary thyroid tumours of epithelial origin has categorised them into BRAF-like and 

RAS-like tumours.45 The BRAF-like tumours harbour BRAFV600E (ie, Val600Glu) as the 

primary driving mutation (60% of all pathogenic variants in papillary thyroid carcinoma), 

and are characterised by classic papillary thyroid carcinoma morphology and high MAPK-

pathway signalling, whereas the RAS-like tumours harbouring RAS and other non-BRAF 
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mutations are characterised by a follicular morphology (follicular variant of papillary 

thyroid carcinoma, follicular thyroid carcinoma), and low MAPK-pathway signalling.45 

However, the pathways affected in mesenchymal tumours can be distinct from the ones 

affected in thyroid epithelial tumours (appendix pp 11–12).

Several mesenchymal tumours have pathogenic variants in genes involved in the Akt and 

mTOR pathway and in genes involved in crosstalk with the hippo pathway, controlling 

cell proliferation and apoptosis.46,47 Paragangliomas are characterised by the presence 

of somatic mutations in the SDHx genes (appendix pp 11–12). For instance, molecular 

analysis of a thyroid paraganglioma tumour in a 39-year-old woman identified several 

single nucleotide polymorphisms in SDHB, SDHC, and SDHD genes.48 Gene fusion is 

another commonly observed molecular defect in mesenchymal tumours, such as NAB2-
STAT6 fusion in solitary fibrous tumours, EWSR1-ETS family gene-related fusions in 

the Ewing sarcoma family of tumours, SYT-SSX fusion in synovial sarcomas, WWTR1-
CAMTA1 and YAP1-TFE3 fusions in epithelioid haemangioendotheliomas, FUS-DDIT3 
and EWSR1-DDIT3 fusions in myxoid liposarcomas, ASPSCR1-TFE3 fusions in alveolar 

soft part sarcomas, gene fusions between NR4A3 and EWSR1, TAF15, TCF12, or TFG 
in myxoid chondrosarcomas, and HEY1-NCOA2 fusion in mesenchymal chondrosarcomas 

(appendix pp 1–4, 11–12).12,49–56 In addition, a DICER1 (p.Glu1705Lys) pathogenic variant 

was identified in the lung metastases in a 45-year-old female with an aggressive form of 

primary thyroid carcinosarcoma.57 A comprehensive genomic analysis of a tumour and 

its surrounding normal tissues, as well as patient-matched blood in a 44-year-old woman 

with a thyroid follicular dendritic cell sarcoma identified 81 somatic variants exclusively 

in the tumour, including a truncating variant in the CLTCL1 gene, which is involved in 

mitotic spindle stabilisation, missense variants in ATM and TP53, and a splice-site variant 

in VEGFR1.58 Additionally, a local chromothripsis event between chromosomes 15 and 17 

was identified in the same tumour, comprising more than 24 structural variants eventually 

resulting in expression of six fusion genes. Certain benign thyroid mesenchymal tumours 

such as adenolipomas can be associated with pathogenic variants in the PTEN gene.59 

Germline analysis in a 28-year-old woman with multiple thyroid adenolipomas revealed a 

heterozygous deletion of adenine (827delA) in exon 8 of the PTEN gene.59

About 40% of paragangliomas might present as an inherited disorder associated with 

one of 14 susceptibility genes (MEN1, NF1, RET, VHL, SDHA, SDHB, SDHC, 

SDHD, SDHAF2, TMEM127, EGLN1, HIF2A, KIF1Bb, and MAX).13 Among thyroid 

paragangliomas, the pathogenic variants in SDHB and SDHA are the most commonly 

observed. Molecular analysis in five patients with thyroid paragangliomas identified from 

a population-based registry identified germline variants in SDHx in four (80%) of the 

five patients, with two patients harbouring variants in SDHB (c.530G→A, p.Arg177His; 

and c.201–1339_239delinsAluYb8), and two other patients harbouring variants in SDHA 
(c.394T→C, p.Trp132Arg; and c.1799G→A, p.Arg600Gln), and insilico analyses showed 

that these variants were likely to be pathogenic.30
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Treatment and prognosis

Benign thyroid mesenchymal tumours (adenolipomas, leiomyomas, benign peripheral 

nerve sheath tumours, and haemangiomas) have a favourable prognosis and are cured 

with either hemithyroidectomy or total thyroidectomy, and there have been no reported 

recurrences after surgical excision.60,61 Thyroid paragangliomas can manifest as locally 

invasive disease (either thyroid capsule adherence or extension into adjacent structures) in 

about 30% of cases, or rarely (one case report) as a metastatic disease with hepatic and 

peritoneal metastases.13,62,63 All patients with locally invasive disease were successfully 

treated with aggressive surgery without documented recurrence, even in the familial forms, 

except for one patient with SDHA c.1799G→A (p.Arg600Gln) germline variant who 

had local recurrence 12 years after thyroidectomy.30,62 One patient underwent adjuvant 

peptide receptor radionuclide therapy after surgical removal of a locally aggressive thyroid 

paraganglioma without distant metastases, and no evidence of recurrent disease upon 3 

years of follow-up was observed.64 Most thyroid solitary fibrous tumours are benign and 

are surgically cured, with recurrent and metastatic disease being reported only in two 

patients.12 Similarly, almost all reported thyroid granular cell tumours were benign, with 

locally aggressive disease reported in one patient who was eventually cured with surgery.18

When it comes to frankly malignant thyroid mesenchymal tumours, treatment and 

prognostication can become more complex. On the basis of a systematic review by 

Surov and colleagues,14 evaluating primary malignant thyroid mesenchymal tumours, 

up to 70·4% of patients with malignant thyroid mesenchymal tumours can harbour 

disease within the thyroid without evidence of local or distant metastases. Based on 

the same report, evidence of infiltration into the trachea or oesophagus was frequently 

observed in patients with undifferentiated pleomorphic sarcoma (up to 70%) and with 

liposarcoma (up to 57%). Lymph node metastases are frequently observed with patients 

in fibrosarcoma (12%) and epithelioid haemangioendothelioma (10·5%), while distant 

metastases were more common in patients with leiomyosarcoma (20%), osteosarcoma 

(16·7%), and angiosarcoma (15·4%).14 Among the reports with available data for treatment 

and follow-up, surgery was used as the sole treatment option in 75 (52·8%) patients, and 

a combination of surgery with or without chemoradiotherapy was used in 53 (37·3%) 

patients.14 Observation time in these patients ranged from 0∙5 months to 120 months, 

during which 45 (31·7%) patients were alive and 73 (51·7%) died.14 Adjuvant radiotherapy 

has shown excellent efficacy as indicated by several case reports of thyroid malignant 

vascular tumours, with one study showing local control in 92% of patients who were 

treated with radiotherapy, often in combination with razoxane.21,65 Doxorubicin, ifosfamide, 

epirubicin, and taxanes are chemotherapeutic agents commonly used in the treatment of 

thyroid malignant vascular tumours, either in a neoadjuvant or an adjuvant setting.21 In 

addition, other regimens have been used in the treatment of malignant thyroid mesenchymal 

tumours, including doxorubicin and ifosfamide along with radiotherapy for liposarcoma 

and leiomyosarcoma,66,67 cisplatin and doxorubicin for osteosarcoma,32 and adjuvant or 

neoadjuvant cyclophosphamide, ifosfamide, doxorubicin, vincristine, and etoposide with 

or without radiotherapy for the Ewing sarcoma family of tumours.17 On the one hand, 

liposarcomas, synovial sarcomas, and the Ewing sarcoma family of tumours are associated 
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with relatively favourable long-term outcomes after surgery and chemoradiotherapy in most 

patients,51,66,68 whereas on the other hand, malignant peripheral nerve sheath tumours, 

malignant vascular tumours, osteosarcomas, leiomyosarcomas, undifferentiated pleomorphic 

sarcomas, and carcinosarcomas are associated with poor outcomes and high mortality due to 

local disease burden or distant metastasis, or both (appendix pp 1–4).21,27,67,69–71

Guidance on diagnosis and management

Figure 2 summarises the key points that can be used in the management of thyroid 

mesenchymal tumours. These recommendations are based on the data described in this 

Review and on expert opinion of the authors. The initial evaluation and management 

of a thyroid mesenchymal tumour nodule should be done based on findings from 

ultrasonography and fine needle aspiration biopsy as per the American Thyroid 

Association guidelines.1 Apart from thyroid function tests and autoimmune antibody (anti-

thyroid peroxidase and anti-thyroglobulin) evaluation as routine pre-surgical laboratory 

investigations, all authors of this Review believe that serum calcitonin should be measured 

in those patients whose thyroid nodules show spindle cells on a fine needle aspiration 

biopsy sample in order to evaluate for medullary thyroid carcinoma. On the basis of 

association between calcitonin concentration and loco-regional and distant metastases, the 

disease burden could be predicted guiding additional imaging with CT and MRI.7 The 

cytology specimen should also be stained for calcitonin and carcinoembryonic antigen if 

the morphology is not entirely typical for medullary thyroid carcinoma. In non-diagnostic 

aspirates, a repeat fine needle aspiration biopsy, a core biopsy, a diagnostic surgery or 

surgical biopsy, or serial monitoring through repeat ultrasonography can be considered 

based on the previous ultrasound features of the lesion, duration and type of symptoms, as 

well as patient’s age and comorbidities. If the cytology specimen shows an abundance of 

lymphocytes, flow cytometry needs to be done to rule in or rule out thyroid lymphoma, 

particularly in patients with a history of Hashimoto’s thyroiditis. If the fine needle aspiration 

biopsy shows cytologic features suggesting a paraganglioma, further biochemical testing 

in the form of plasma or 24-h urine metanephrines, or both, should be undertaken, and 

pre-operative adrenergic blockade should be implemented if there is over-production of 

catecholamines. Furthermore, CT, MRI, or functional imaging studies such as a 68Ga-

DOTATATE PET–CT, 18F-DOPA PET–CT, or an 123I-MIBG scan could be considered for 

the evaluation of extrathyroidal paragangliomas and phaeochromocytomas.35,36 Although 
18F-DOPA PET–CT has shown promising results for the diagnosis of head and neck 

paragangliomas,36 68Ga-DOTATATE PET–CT might be superior for diagnosing metastatic 

paragangliomas.35 Therefore, clinical judgement should be applied in choosing the optimal 

functional imaging while also taking into consideration the availability of these studies in a 

given geographical region.

Genetic testing for germline pathogenic variants should be offered to all patients with 

thyroid paragangliomas.72 The most efficient way to achieve this outcome is with a multi-

gene panel that includes sequencing and deletion or duplication analysis of SDHB, SDHC, 

SDHD, SDHAF2, SDHA, VHL, and TMEM127.30 Patients with malignant peripheral nerve 

sheath tumours should be evaluated for neurofibromatosis 1 (von Recklinghausen’s disease) 

and neurofibromatosis 2 syndromes, and germline genetic testing of NF1 and NF2 might 
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be indicated. Similarly, patients with adenolipomas of the thyroid should be evaluated for 

PTEN hamartoma syndromes, and potentially be offered germline sequencing and deletion 

or duplication analysis of the PTEN gene, if the syndrome is suspected. The Cleveland 

Clinic’s PTEN Risk Calculator is a helpful tool to evaluate the likelihood of this syndrome 

in a patient.73 Germline genetic testing might be also offered, if the tumour tissue reveals 

a potentially causative somatic variant in SDHB, SDHC, SDHD, SDHAF2, SDHA, VHL, 

TMEM127, NF1, NF2, or PTEN genes. At-risk relatives should only be offered targeted 

testing for a known pathogenic or a likely pathogenic variant documented in the proband. 

All families with pathogenic or likely pathogenic gene variants should undergo appropriate 

genetic counselling, including a discussion of the syndrome being tested for, the likelihood 

of a positive result, and the surveillance and management that would be recommended if the 

gene test result is positive.

Because of the favourable prognosis of benign thyroid mesenchymal tumours and a low 

chance of recurrence, a hemithyroidectomy or a total thyroidectomy should suffice in 

most cases. Surgery could especially be considered if the tumours are big enough to 

cause compressive symptoms. Among older patients or patients with comorbidities with 

benign thyroid mesenchymal tumours without compressive symptoms, active surveillance, 

rather than surgical treatment, might be a reasonable option. For tumours with likelihood 

of recurrence or more aggressive behaviour, such as paragangliomas or solitary fibrous 

tumours, a follow-up neck ultrasound could be done. The timing and frequency 

of ultrasonography should be individualised depending on tumour size and location 

determining the likelihood of extrathyroidal extension—initially every 3–6 months, and if 

stable, with lower frequency (eg, yearly) thereafter.

If there is sufficient concern for a malignant thyroid mesenchymal tumour, further imaging 

studies, including whole-body CT scan or MRI and functional imaging such as 18F-

fluorodeoxyglucose PET-CT scan should be considered, not only to evaluate for potential 

metastatic spread of the thyroid mesenchymal tumour, but also to identify a potential 

extrathyroidal primary malignant mesenchymal tumour that might have metastasised to the 

thyroid. Physicians should be aware that metastatic lesions from malignant mesenchymal 

tumours of extrathyroidal origin into the thyroid are more common than primary 

thyroid mesenchymal tumours.6 Mesenchymal tumours that commonly metastasise to the 

thyroid include uterine leiomyosarcoma, malignant phyllodes tumour of the breast, and 

gastrointestinal stromal tumour.6 Management of malignant thyroid mesenchymal tumours 

can be more complex and a multidisciplinary approach with input from oncologists, 

surgeons, endocrinologists, pathologists, and radiologists is crucial. The pathologist’s role 

remains central in recognising the type of thyroid mesenchymal tumour and differentiating 

it from the more common forms of malignant thyroid tumours, and from other rare 

tumours such as atypical anaplastic thyroid carcinoma variants, and calcitonin-negative 

and carcinoembryonic antigen-negative medullary thyroid carcinomas. The differential 

diagnosis for each major type of thyroid mesenchymal tumour is listed in the appendix 

(pp 1–4). Furthermore, standard treatment protocols for treating malignant thyroid 

mesenchymal tumours have been difficult to develop because of the rarity of these tumours. 

Thyroidectomy with or without lymph node dissection and removal of adjacent structures, 

when appropriate, should be done. For thyroid malignant vascular tumours, thyroidectomy 
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is suggested; however, the tumour’s high vascularity and evidence of extrathyroidal 

extensions could lead to life-threatening haemorrhages during and after surgery. The 

potential risks of morbidity from extensive surgery must be weighed against potential 

benefits of improvements in quality of life and life-expectancy in patients with large 

tumours or extensive regional tumour burden. In general, the decisions on chemotherapy 

or radiotherapy, or both, should be considered based on standards of care for extrathyroidal 

malignant mesenchymal tumours, and the medical oncologist has a crucial role in driving 

these decisions. Adjuvant radiotherapy might improve local disease control in malignant 

vascular tumours, and neoadjuvant or adjuvant chemotherapy with or without radiotherapy 

could also be considered based on local invasion or distant metastasis.65 For the Ewing 

sarcoma family of tumours, systemic therapy after surgical resection is the standard of 

care, as it is for metastatic disease. The current recommended regimen is vincristine, 

doxorubicin, and cyclophosphamide alternating with ifosfamide and etoposide.74 For most 

malignant thyroid mesenchymal tumours, adjuvant radiotherapy is indicated for aggressive 

disease (high mitotic count, abundant nuclear pleomorphism, extracapsular spread, or 

surgically unresectable disease). In patients with high-risk localised soft tissue sarcomas, 

adjuvant or neoadjuvant chemotherapy is also considered with anthracyclines combined 

with ifosfamide.75 Adjuvant chemotherapy is also recommended for aggressive subtypes 

of otherwise indolent malignant thyroid mesenchymal tumours such as follicular dendritic 

cell sarcoma. The second-line approach should involve consideration of recruitment into a 

clinical trial. As of March, 2020, there are 214 phase 2 and phase 3 clinical trials listed 

on ClinicalTrials.gov that are currently recruiting patients for management of sarcomas, 

including thyroid sarcomas.

Molecular analysis on the excised tumour can facilitate the identification of drug 

targets for small molecules such as tyrosine-kinase inhibitors (TKIs), mTOR inhibitors, 

or fusion inhibitors. For instance, the fusion gene HDGRFP3-SHC4 identified in a 

thyroid follicular dendritic cell sarcoma led to a 200-fold increase in the expression 

of SHC4, an oncogene that is a potential target of the TKI dasatinib.58 For malignant 

vascular tumours, TKIs such as sunitinib and pazopanib with action on VEGF receptors, 

or VEGF inhibitors such as bevacizumab, or phosphatidylinositol 3-kinase (PI3K) 

inhibitors could have a potential benefit.21 The use of targeted therapies utilising small 

molecules in sarcoma are being investigated in clinical trials, including mTOR inhibitors 

such as sirolimus (NCT02821507, NCT02584647), temsirolimus (NCT02567435), 

everolimus (NCT03114527), and nanoparticle albumin-bound rapamycin (NCT03190174); 

TKIs such as sunitinib (NCT01391962), anlotinib (NCT03815474, NCT03890068), 

famitinib (NCT04044378), cediranib (NCT01391962), apatinib (NCT04012827), PLX3397 

(NCT02584647), and sitravatinib (NCT02978859); fusion protein inhibitors, including 

ALK or TRK inhibitors such as entrectinib (NCT02568267), larotrectinib (NCT03213704, 

NCT02576431), the EWS-FLI1 inhibitor TK216 (NCT02657005); and the selective EZH2 

methyltransferase inhibitor tazemetostat (NCT03213665).

Conclusion

This Review constitutes the most extensive and up-to-date literature review on primary 

thyroid mesenchymal tumours. Because of the aggressive nature of malignant thyroid 
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mesenchymal tumours and the paucity of their occurrence in clinical practice, a 

multidisciplinary team-based approach consisting of endocrinologists, surgeons, oncologists, 

pathologists, and radiologists should ideally be used in the management of these 

tumours. Currently, the molecular landscape of most thyroid mesenchymal tumours is 

vastly unknown. However, data for the molecular landscape of extrathyroidal forms 

of these tumours are growing. The genetic and molecular characterisation of thyroid 

mesenchymal tumours constitute a pivotal field for future research that might help with 

developing targeted therapies against the more aggressive forms of thyroid mesenchymal 

tumours. Moreover, molecular profiling could potentially provide valuable insights into the 

histogenesis and biology of these rare thyroid tumours.
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Panel: Classification of known primary thyroid mesenchymal tumours

Benign

• Paraganglioma

• Benign peripheral nerve sheath tumours

– Schwannoma

– Neurofibroma

– Granular cell tumour

• Vascular tumours

– Haemangioma

• Striated and smooth muscle tumours

– Rhabdomyoma

– Leiomyoma

• Adipose tissue tumours

– Adenolipoma

• Solitary fibrous tumour

Malignant

• Malignant paraganglioma

• Malignant peripheral nerve sheath tumours

• Vascular tumours

– Angiosarcoma

– Epithelioid haemangioendothelioma

– Kaposi’s sarcoma

• Striated and smooth muscle tumours

– Rhabdomyosarcoma

– Leiomyosarcoma

• Adipose tissue tumours

– Liposarcoma

• Bone tumours

– Osteosarcoma

– Chondrosarcoma

– Ewing sarcoma
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– Adamantinoma-like Ewing sarcoma

• Malignant solitary fibrous tumour or haemangiopericytoma

• Malignant granular cell tumour

• Synovial sarcoma

• Fibrosarcoma

• Ameloblastic fibrosarcoma

• Undifferentiated pleomorphic sarcoma (malignant fibrous histiocytoma) or 

myxofibrosarcoma

• Alveolar soft part sarcoma

• Malignant triton tumour

• Follicular dendritic cell sarcoma

• Malignant glomus tumour

• Malignant mesenchymoma

• Carcinosarcoma*

The data shown in this panel is a modified version of the classification of thyroid 

mesenchymal tumours provided by the 2017 WHO guidelines.10 *Carcinosarcoma is 

classified as a variant of anaplastic carcinoma as per the 2017 WHO guidelines.
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Figure 1: Frequency of occurrence of primary thyroid mesenchymal tumours identified in the 
literature search
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Figure 2: Key points on the diagnosis and management of primary thyroid mesenchymal 
tumours
18FDG=18F-fluorodeoxyglucose. 18F-DOPA=18-fluorodeoxyphenylalanine. 68Ga-

DOTATATE=gallium-68 dodecanetetraacetic acid-DPhe1, Tyr3-octreotate. 123I-

MIBG=iodine-123 metaiodobenzylguanidine. FNAB=fine needle aspiration biopsy. 

*Differential diagnoses: spindle cell variants of thyroid carcinomas, medullary thyroid 

carcinoma, squamous cell carcinoma, hyalinising trabecular tumour, spindle epithelial 

tumour with thymus-like differentiation, Riedel thyroiditis, lymphoma, and reactive lesions 

such as post-FNAB spindle cell nodules.
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