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Extremely rare primary undifferentiated pleomorphic thyroid sarcoma-Clinical case 
with a literary review

Abstract
Anaplastic thyroid carcinoma (ATC) known as undifferentiated and dedifferentiated carcinoma, is a rare, highly aggressive neoplasm. 
We present an extremely fast growing undifferentiated pleomorphic sarcoma originating in the thyroid gland in an 80-year-old 
woman. Through this clinical case, we show the importance of the pathohistological characteristic and immunohistochemical 
analysis for diagnosis of these extremely malignant neoplasms. Due to the radiation- and chemoresistance of this malignant 
undifferentiated soft tissue neoplasm, early diagnosis for a small  tumor volume without distant hematogenous metastases is 
required to perform maximum radical surgery. Locally advanced sarcomas with lung metastases are subject to symptomatic and 
palliative treatment and the prognosis is very unfavorable. 
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Introduction 
Anaplastic thyroid carcinoma (ATC) known as undifferentiated and 
dedifferentiated carcinoma, is a rare, highly aggressive neoplasm 
characterized by rapid growth that causes death soon after 
diagnosis [1,2].  ATC accounts for about 10% to 15% of all thyroid 
carcinomas in the United States [3]. Anaplastic type is quite rare, 
only 1%‐2% [4]. Primary thyroid leiomyosarcoma (PTLMS) is a 
rare tumour and approximately only 30 cases have been reported 
previously [5-23]. Primary undifferentiated pleomorphic thyroid 
sarcoma (UPTS) is a subtype of primary thyroid sarcoma (reported 
frequency ranges from 0.01% to 1.5%) which is extremely rare 
with 20 cases reported in the English language literature, and 
only three cases reported in the past ten years [24,25]. We present 
an extremely quickly -growing pleomorphic sarcoma with the 
origin of the thyroid gland in an 80-year-old woman. Through this 
clinical case, we show the importance of the immunohistochemical 
analysis of the diagnosis and differential diagnosis of these 
malignant neoplasms.

Clinical Case
We present an 80-year-old woman. In July 2021, she noticed a 
rapid edema in the right cervical area, accompanied by pain and 
voice change, as well as difficulty swallowing. Local status/
October 2021-A dense formation is palpated in the right cervical 
area, which engages the right thyroid gland lobe and its Istmus and 
spreads to the anterior prelaryngeal region. Mesopharyngoscopy- 
Pale pink oropharyngeal mucosa, tongue moist, unprecedented. 
Fibrolaryngoscopy-A pronounced compression of the larynx 
from the neck formation to the right,  as well as a narrow rhyme 

glotidis is visualized. The right laryngeal half is with limited 
mobility. Paralysis of the right vocal connection. CT of the neck 
soft tissue/October 2021-enlarged right forehead and thyroid 
gland from a dense tumor with a diameter of 114mm x 69mm. 
The cervical structures are pressed by the formation contralateral. 
On a small section the lobe base of the left thyroid gland is also 
infiltrated. The trachea has a preserved lumen. The smallest lumen 
settles in the larynx area that is edematous (Figure 1). CT of the 
Upper Mediastinum/October 2021-The tumor in the cervical 
right region descends behind the sternum and covers the anterior 
upper mediastinum mainly to the right, and subsequently to the 
left, pushes the trachea and hypopharynx and infiltrates the upper 
left lung lobe. Bilaterally in the lung parenchyma, diverse diffuse 
nodular soft tissue lesions are reported (Figure 2). Intraoperatively, 
an arched incision to the left of the middle line was made. It has 
reached a huge tumor, covering the trachea such as a cuff in the 
front, left and right, reaching the left jugolaris vein over the carotis 
artery. To reach the trachea, it went through the tumor and took 
a biopsy. Temporary tracheostoma was performed. Histological 
result- A high grade malignant neoplasm characterized by spindle-
shaped, polygonal and epitheloid cells with diffuse pleomorphism 
in the absence of a specific line of differentiation. A morphological 
characteristic of undifferentiated pleomorphic sarcoma (Figure 
3 and Figure 4). An immunohistochemical  (IHC) analysis for 
verification of the tumor cells origin is required. IHC analysis 
reports: Vimentin strong positive in 100% of tumor cells; Ki 67 
high mitotic activity up to 65%; smooth muscle actin (SMA) focal 
positive expression. Negative expression for TTF1, Desmin, AE1/
AE3 and S-100 protein (Figure 5).
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Figure 1: CT of the neck soft tissue/October 2021-enlarged right 
forehead and thyroid gland from a dense tumor with a diameter 
of 114 mm x 69 mm. The cervical structures are are contralateral 
compressed. The small section of the thyroid gland left lobe base 
is also infiltrated. The trachea has a preserved lumen. The smallest 
lumen settles in the larynx area that is edematous.

Figure 2: CT of the Upper Mediastinum/October 2021-The 
tumor in the cervical right region descends behind the sternum 
and covers the anterior upper mediastinum mainly to the right, 
and subsequently to the left, pushes the trachea and hypopharynx 
and infiltrates the upper left lung lobe. Bilaterally in the lung 
parenchyma, diverse diffuse nodular soft tissue lesions. 

Figure 3: Pathohistological characteristic. A) Storiform 
pleomorphic appendance x 20; B) Atypical spindle-shaped and 
epithelioid cells with marked nuclear and cellular atypia, with 
vacuolized nuclear chromatin and nuclear polymorphism x 20; 
C) Pronounced cell and nuclear polymorphism x 20; D) Atypical 
spindle cells, arranged in the form of cords, resembling blood 
vessels and separate haemorrhage fields x 200; E) Giant histiocyte-
like epithelioid cell with pale cytoplasm and atypical mitosis x 400 
(with the black arrow shown asymmetry of the chromatin masses 
within the cell).

Figure 4: Pathohistological characteristic. A) Pronounced cell and 
nuclear polymorphism; B) spindle-shaped cells with cigar-shaped 
and blunt-ended atypical nuclei (shown with the black arrow); 
C) On the backgrund of the collagenezed stroma admixture 
of pleomorphic areas with sheets of polygonal, spindled and 
epithelioid cells with hyperchromatic irregular nuclei, abundant 
eosinophilic cytoplasm, marked nuclear pleomorphism, areas of 
necrosis, typical and atypical mitotic activity.
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Figure 5: Immunohistochemical analysis. А) Vimentin-strong positive in 100% of tumor cells х 20; B)  Ki 67 high mitotic Index/50 
mitoses per 10 HPF x 20; C) Negative TTF1 expression х 20; D) Negative Desmin expression х 20; E) Negative AE1/AE3 expression х 
20; F) Smooth muscle actin (SMA) focal positive expression х20; G) S-100 protein-negative expression х 20.

Following the broad IHC analysis and the reported positive 
expression for Vimentin, focal expression to SMA, the high mitotic 
index and the negative expression to AE1/AE3 are considered 
to be a highly malignant undifferentiated pleomorphic sarcoma 
of the thyroid gland. Due to the locally advanced malignant 
undifferentiated sarcoma, the presence of hematogenous pulmonary 
metastases, the advanced age and the presence of comorbidity, it is 
considered that the patient is subject to symptomatic treatment and 
palliative care. After three months of the tracheostoma, the patient 
died due to respiratory and heart failure.

Discussion
Sarcomas are classified inversely according to their level of 
differentiation, with well-differentiated tumors considered low-
grade, moderately differentiated tumors as intermediate-grade, 
and poorly differentiated or undifferentiated tumors considered 
high-grade sarcomas [26]. The main subtypes of primary thyroid 
sarcoma (PTS) include angiosarcoma, hemangioendothelioma, 
leiomyosarcoma [5-23], fibrosarcoma, osteosarcoma, liposarcoma, 
and undifferentiated pleomorphic sarcoma (UPS-T) [27]. While 
PTS has no specific clinical signs or symptoms, it generally 
presents as a rapidly enlarging, firm, non-tender neck mass, which 
may be accompanied by acute onset of cough, dyspnea, orthopnea, 
and dysphagia due to compression of the trachea or esophagus, 
respectively [28]. In the clinical case we have presented, the above 
symptoms develop very quickly and require tracheostoma. In our 
clinical case similar to Shahrokh S. et al. [29], CT scan of the chest 
confirmed the presence of the thyroid nodules (Figure 1), and 
revealed a large anterior mediastinal mass and multiple bilateral 
pulmonary nodules (Figure 2).  Due to the large tumor volume 
surrounding the trachea and infiltrating the anterior mediastinum, 
as well as CT data on bilateral lung metastases, this neoplasm is 
defined as unresectable.

According to WHO Classification of Tumours: Undifferentiated/
Anaplastic Thyroid Carcinomas are highly malignant tumours, 
that histologically appear wholly or partially composed of 

undifferentiated cells that exhibit immunohistochemical or 
ultra-structural features indicative of epithelial differentiation. 
Histologically they are composed of a mixture of spindle cells, 
pleomorphic giant cells and epithelial cells. There is considerable 
variation in both the percentage and distribution of these cellular 
elements from case to case[30]. The highly variable microscopic 
appearances of ATC are broadly categorized into three patterns, 
which can occur singly or in any combination: 1) The sarcomatoid 
form is malignant spindle cells with features commonly seen 
in high-grade pleomorphic sarcoma.; 2) The giant cell form 
is composed of highly pleomorphic malignant cells, some of 
which contain multiple nuclei; 3) The epithelial form manifests 
squamoid or squamous cohesive tumor nests with abundant 
eosinophilic cytoplasm; occasional keratinization can be present 
[31]. Undifferentiated high-grade Pleomorphic Sarcoma (UPS), 
formerly referred as malignant fibrous histiocytoma, is a high grade 
malignant neoplasm characterized by tumor cells with diffuse 
pleomorphism in the absence of a specific line of differentiation 
[32-35]. 

On microscopic pathochistological examination, PTS is classically 
composed of plump spindle cells arranged in a storiform pattern 
with high pleomorphism and giant cells [24,25,28]. In the rarely 
occurring UPS-T, HE stain revealed the tumor cells were spindle‐
shaped, round, or ovoid, and arranged in a whirlpool fashion 
with invasive growth, with high mitotic activity and areas of 
necrosis. It is consistent with a moderately differentiated thyroid 
sarcoma [4]. H&E stain of the patient’s anterior mediastinal 
biopsy  shows spindle cells with hyperchromatic irregular nuclei 
and inconspicuous nucleoli, along with indistinct cytoplasm set 
in a collagenized stroma, consistent with poorly differentiated 
neoplastic spindle cells, which was in favor of spindle cell neoplasm 
of the thyroid compatible with poorly differentiated thyroid 
sarcoma [29]. Pleomorphic areas contain plumper fibroblastic 
cells, rounded histiocyte-like cells arranged haphazardly with no 
particular orientation to vessels, and a large number of giant cells 
with multiple hyperchromatic irregular nuclei [36]. Most tumors 
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have a combination of storiform and pleomorphic areas, with 
preponderance on the latter, which also exhibit more accentuated 
pleomorphism and mitotic activity [34,37,38]. In the clinical case 
presented, it is observed admixture of pleomorphic and storiform 
areas with sheets of polygonal, spindled and epithelioid cells, 
abundant eosinophilic cytoplasm, marked nuclear pleomorphism, 
necrosis, epithelioid cells with typical and atypical mitotic activity, 
chains of atypical spindle cells, resembling blood vessels (Figure 
3 and Figure 4). 

In a typical undifferentiated cells with pathomorphological 
characteristics of undifferentiated, an immuno histochemical analysis 
is required to determine the exact pathohistological diagnosis. 
Immunohistochemically, undifferentiated thyroid carcinoma is 
generally negative for thyroglobulin and calcitonin. Pan-keratin and 
epithelial membrane antigen (EMA) are positive in about one-half and 
one-third of cases respectively [39]. Positive cytokeratin expression 
supports the epithelial nature of anaplastic thyroid carcinoma, but 
negative immunostaining for cytokeratin does not exclude the 
diagnosis [40]. Vimentin is positive in about 90% [36], and epithelial 
membrane antigen is positive in about 30% of cases [24,25,39,40]. 
Common thyroid-lineage markers such as TTF1 and thyroglobulin 
are usually absent, whereas PAX, also a thyroid-lineage marker, 
is retained in approximately half of all cases [25,39,40]. Although 
immunostaining is negative for muscle-specific actin, Factor VIII-
related antigen, and desmin [36], these markers can differentiate 
ATC from some soft tissue sarcomas with which they can be 
confused [24,25,39]. USP must be differentiated from sarcomatoid 
carcinoma, fibrosarcoma, myxofibrosarcoma, pleomorphic forms of 
liposarcoma, leiomyosarcoma, rhabdomyosarcoma, osteosarcoma, 
and chondrosarcoma [34,35]. Following the broad IHC analysis and 
the reported positive expression for Vimentin, focal expression to 
SMA, the high mitotic index and the negative expression to AE1/
AE3, thise neoplasm is taken as highly malignant undifferentiated 
pleomorphic sarcoma of the thyroid gland (Figure 5).

Because of the rarity of these tumors, there is no consensus on the 
best treatment approach [29]. According to TNM staging [41], all 
ATCs are stage IV. Stage IVA lesions are intrathyroidal, stage IVB 
involves gross extrathyroidal extension, and stage IVC disease 
includes distant metastasis.  However, a tracheostomy may be 
necessary in cases of airway compromise. While complete excision 
is often impossible due to the local extension of the disease, the 
quality of resection is a significant prognostic factor for survival 
[42,43]. Due to the radiation- and chemoresistance of this malignant 
undifferentiated soft tissue neoplasm, early diagnosis for a small  
tumor volume without distant hematogenous metastases is required 
to perform maximum radical surgery. Eradication by complete 
surgical resection with total thyroidectomy, although often not 
feasible, followed or preceded by concurrent doxorubicin-based 
chemotherapy and hyperfractionated external beam radiation has 
been occasionally used and can rarely be associated with long-
term survival [1]. Huber et al. reported improved outcomes and 
disease-free survival in patients with sarcomas of the head and 
neck larger than 4-cm who received adjuvant radiotherapy [44]. 

Studies suggest that high dose radiotherapy can also be of benefit 
for patients who have only had an R2 resection, have unresectable 
disease, or have limited metastatic disease [45].  Locally advanced 
sarcomas with lung metastases are subject to symptomatic and 
palliative treatment and the prognosis is very unfavorable.

Conclusion
We present extremely rarely diagnosed highly malignant 
thyroid pleomorphic sarcoma. A strict diagnosis requires careful 
pathohistological analysis and a wide immunohistochemical 
panel. Unresectable sarcomas are often diagnosed, as it is a locally 
advanced neoplasm with a high risk of hematogenous metastases. 
If possible for maximum radical surgery, adjuvant radiotherapy is 
required. In local advanced tumors with hematogenous metastases, 
only symptomatic and palliative treatment is possible. 

References
1. Haigh  PI  (2000) Anaplastic thyroid carcinoma. Curr Treat 

Options Oncol 1(4):353-357.
2. Swami SY, Chopwad AD, Valand AG (2018) Undifferentiated/ 

Anaplastic thyroid carcinoma: A cytological case report. Med 
J DY Patil Vidyapeeth 11:449-451.

3. Nel CJ, van Heerden JA, Goellner JR, Gharib H, McConahey 
WM, et al. (1985) Anaplastic carcinoma of the thyroid: a 
clinicopathologic study of 82 cases. Mayo Clin Proc 60(1):51-
58.

4. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel 
SJ, et al. (2015) American thyroid association management 
guidelines for adult patients with thyroid nodules and 
differentiated thyroid cancer: The American thyroid 
association guidelines task force on thyroid nodules and 
differentiated thyroid Cancer. Thyroid 26(1):1‐133

5. Reddy B, Aggarwal V, Ajmani AK, Sachan S, Khandelwal 
D  (2019) Primary Leiomyosarcoma of the Thyroid Gland -A 
Rare Malignancy. Eur Endocrinol 15(1): 44-46.

6. Kaur M, Chatterjee D, Aggarwal P, Saini V (1993) Primary 
leiomyosarcoma of the thyroid gland. Acta Pathol Jpn 43:71-
75.

7. Ozaki O, Sugino K, Mimura T (1997) Primary leiomyosarcoma 
of the thyroid gland. Surg Today 27:177-180. 

8. Tulbah A, Al-Dayel F, Fawaz I, Rosai J (1999) Epstein-Barr 
virusassociated leiomyosarcoma of the thyroid in a child with 
congenital immunodeficiency: a case report. Am J Surg Pathol 
23:473-476. 

9. Takayama F, Takashima S, Matsuba H, Kobayashi S, Ito N, 
et al. (2001) MR imaging of primary leiomyosarcoma of the 
thyroid gland. Eur J Radiol 37:36-41. 

10. Day AS, Lou PJ, Lin WC, Chou CC (2007)Over-expression of 
c-kit in a primary leiomyosarcoma of the thyroid gland. Eur 
Arch Otorhinolaryngol 264:705-708. 

11. Mansouri H, Gaye M, Errihani H (2008) Leiomyosarcoma of 
the thyroid gland. Acta Otolaryngol 128:335-336. 

12. Wang TS, Ocal IT, Oxley K (2008) Primary leiomyosarcoma 
of the thyroid gland. Thyroid 18:425-428. 

13. Bertelli AA, Massarollo LC, Volpi EM, Ueda RY, Barreto E, 
et al. (2010) Thyroid gland primary leiomyosarcoma. Arq 
Bras Endocrinol Metabol 54:326-330. 

14. Ege B, Leventoglu S (2013) Primary leiomyosarcoma of the 

https://www.opastonline.com/


Med Clin Res, 2022        Volume 7 | Issue 8 | 05www.medclinres.org

thyroid. J Korean Surg Soc 85:43-46. 
15. Amal B, El Fatemi H, Souaf I, Moumna K, Affaf A (2013) A 

rare primary tumor of the thyroid gland: report a new case of 
leiomyosarcoma and literature review. Diagn Pathol 8:36. 

16. Mouaqit O, Belkacem Z, Ifrine L, Mohsine R, Belkouchi A 
(2014) A rare tumor of the thyroid gland: report on one case 
of leiomyosarcoma and review of literature. Updates Surg 
66:165-167. 

17. Conzo G, Candela G, Tartaglia E, Gambardella C, Mauriello 
C, et al. (2014) Leiomyosarcoma of the thyroid gland: A case 
report and literature review. Oncol Lett 7:1011-1014. 

18. onzo G, Candela G, Tartaglia E, Gambardella C, Mauriello C, 
et al. (2015) Leiomyosarcoma of the thyroid gland: A Review 
of the Literature and our experience. J Thyroid Cancer 1:1-7. 

19. Zou ZY, Ning N, Li SY, Li J, DU XH,  et al. (2016) Primary 
thyroid leiomyosarcoma: A case report and literature review. 
Oncol Lett 11:3982-3986

20. Şahin Mİ, Vural A, Yüce İ, Çağlı S, Deniz K, et al. (2016) 
Thyroid leiomyosarcoma: presentation of two cases and 
review of the literature. Braz J Otorhinolaryngol 82:715-721. 

21. Ayadi M, Gabsi A, Meddeb K, Mokrani A, Yahiaoui Y, et 
al. (2017) Primary leiomyosarcoma of thyroid gland: the 
youngest case. Pan Afr Med J 26:113.

22. Canu GL, Bulla JS, Lai ML, Medas F, Baghino G, et al. (2018) 
Primary thyroid leiomyosarcoma: a case report and review of 
the literature. G Chir 39:51-56. 

23. Hong YT, Hong KH (2018) Huge primary leiomyosarcoma of 
the thyroid gland. Ear Nose Throat J 97:347-348.

24. Bula G, Waler J, Niemiec A,Trompeta J, Steplewska K, et al.  
(2008) Unusual malignant thyroid tumours-a clinical study of 
20 cases. Acta Chir Belg 108(6):702‐707.

25. Van Bang Nguyen, Van Vy Hau Nguyen, Binh Thang Tran, 
Chi Van Le,Cong Thuan Dang, et al. (2020) Undifferentiated 
pleomorphic sarcoma of the thyroid: A case report and 
ƚiterature review. Clin Case Rep 8(4): 680-684.

26. Jo VY, Fletcher CD (2014) WHO classification of soft tissue 
tumours: an update based on the 2013 (4th) edition. Pathology 
46:95-104.

27. Vianna DM, Curioni OA, França LJ, Paiva DL, Pompeu BF, 
et al. (2012) The histological rarity of thyroid cancer. Brazil J 
Otorhinolaryngol 78:48-51.

28. Surov A, Gottschling S, Wienke A, Meyer HJ, Spielmann RP, 
et al. (2015) Primary thyroid sarcoma: a systematic review. 
Anticancer Res 35:5185-5191.

29. Shahrokh S, Shahin M, Malboosbaf R, Shayanfar N (2021) 
Primary Undifferentiated Pleomorphic Thyroid Sarcoma 
Presenting as Superior Vena Cava Syndrome: A Case Report. 
Cureus 13(12):e20104.

30. DeLellis R, RL. Heitz RP, Eng C (2004) World Health 
Organisation classification of tumours,” in Pathology and 
Genetics of Tumours of Endocrine Organs, IARC Press, 
Lyon, France, 1ed, 2004.

31. Limaiem F, Kashyap S, Naing PT (2022) Anaplastic Thyroid 
Cancer. (Updated 2022 Apr 30). In: StatPearls (Internet). 
Treasure Island (FL): Stat Pearls Publishing; 2022 Jan.

32. Weiss SW, Enzinger FM (1978) Malignant fibrous 
histiocytoma: an analysis of 200 cases. Cancer 41:2250-2266.

33. Engellau J, Anderson H, Rydholm A, Bauer HC, Hall KS, et 
al. (2004) Time dependence of prognostic factors for patients 
with soft tissue sarcoma: A Scandinavian Sarcoma Group 
Study of 338 malignant fibrous histiocytomas. Cancer 100: 
2233-2239.

34. Cao X, Liu J, Zheng Y, Li Q, Teng Y, et al. (2012) Simultaneous 
squamous cell carcinoma with primary malignant fibrous 
histiocytoma of the larynx: a case report. Mol Med Rep 5:971-
973.

35. Coindre JM, Hostein I, Maire G, Derré J, Guillou L, et al. 
(2004) Inflammatory malignant fibrous histiocytomas and 
dedifferentiated liposarcomas: histological review, genomic 
profile, and MDM2 and CDK4 status favour a single entity. J 
Pathol 203:822-830.

36. Shankar V (2022) Undifferentiated/unclassified sarcoma. 
PathologyOutlines.

37. Karkos PD, Dova S, Sotiriou S, Markou K, Kostopoulos I 
(2016) Double primary malignant fibrous histiocytoma and 
squamous cells carcinoma of the larynx treated with laser 
laryngeal conservations surgery. Ecancermedicalscience 
10:636.

38. Alessandrini M, De Padova A, Saccoccio A, Ambrogi V, 
Napolitano B, et al.  (2009) Post-irradiation malignant fibrous 
histiocytoma of the larynx: a case report with an unusual 
metastatic spread pattern. Auris Nasus Larynx 36:609-613.

39. Sai-Ching Jim Yeung, Mouhammed Amir Habra (2012) 
Thyroid: Anaplastic (undifferentiated) carcinoma. Atlas Genet 
Cytogenet Oncol Haematol 2012-07-01.

40. DeLellis R, Heitz R.L RP, Eng C (2004) World Health 
Organisation classification of tumours,” in Pathology and 
Genetics of Tumours of Endocrine Organs, LR. DeLellis RP. 
Heitz, and C Eng, Eds., IARC Press, Lyon, France, 1stedn, 
2004.

41. Edge S, Byrd DR, Compton CC, Fritz AG, Greene FL, et 
al. (2010) Eds., American Joint Comittee on Cancer: Cancer 
Staging Manual, Springer, New York, NY, USA, 7th edition, 
2010.

42. Haigh PI, Ituarte PH, Wu HS, Treseler PA, Posner MD, et 
al. (2001) Completely resected anaplastic thyroid carcinoma 
combined with adjuvant chemotherapy and irradiation is 
associated with prolonged survival. Cancer 91(12):2335-
2342. 

43. Sun XS, Sun SR, Guevara N, Fakhry N, Marcy PY, et al. 
(2013) Chemoradiation in anaplastic thyroid carcinomas. Crit 
Rev Oncol Hematol 86(3):290-301. 

44. Huber GF, Matthews TW, Dort JC (2006) Soft-tissue sarcomas 
of the head and neck: a retrospective analysis of the Alberta 
experience 1974 to 1999. Laryngoscope 116:780-785. 

45. Levendag PC, de Porre PMZR, Van Putten WLJ (1993) 
Anaplastic carcinoma of the thyroid gland treated by radiation 
therapy.  Int J Radiation Oncol Biol Phy 26 (1): 125-128.

Copyright: ©2022: Marinova L, et al. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.

https://www.opastonline.com/

