Name of Journal: World Journal of Clinical Cases
Manuscript NO: 76106
Manuscript Type: CASE REPORT

Papillary thyroid carcinoma occurring with undifferentiated pleomorphic sarcoma: A case report

Lee YL et al. PTC Occurring with UPS

Yu-Li Lee, Ya-Qiong Cheng, Chen-Fang Zhu, Hai-Zhong Huo

Yu-Li Lee, Ya-Qiong Cheng, Chen-Fang Zhu, Hai-Zhong Huo, Department of General Surgery, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Discipline Construction Research Center of China Hospital Development Institute, Shanghai Jiao Tong University, Shanghai 200011, China

Author contributions: Lee YL collected the data and wrote the paper; Chen YQ was directly responsible for revising the paper; Zhu CF and Huo HZ designed the report and analyzed the data; all authors read and approved the final manuscript.

Corresponding author: Hai-Zhong Huo, MD, PhD, Doctor, Department of General Surgery, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Discipline Construction Research Center of China Hospital Development Institute, Shanghai Jiao Tong University, No. 639 Zhizaoju Road, Huangpu District, Shanghai 200011, China. fireseah@sina.com

Received: March 16, 2022
Revised: June 13, 2022
Accepted: July 8, 2022
Published online: 

Abstract
BACKGROUND
Papillary thyroid cancer (PTC) is the most common malignant tumor of the thyroid. However, the coexistence of PTC and sarcoma in one patient is rare. In this article, we report the case of a patient who presented with both PTC and undifferentiated pleomorphic sarcoma (UPS), which has not been previously reported in the online Medline database (PubMed).

CASE SUMMARY
A 71-year-old man was admitted to our hospital for a mass on the right side of his neck for one month, which rapidly enlarged within 2 wk with distending pain. The patient was diagnosed with a thyroid malignancy by fine-needle aspiration and underwent total thyroidectomy and bilateral central lymph node dissection. Histology and immunohistochemistry revealed features of both PTC and UPS. The thyroid cancer 8 gene detection kit results showed BRAF and telomerase reverse transcriptase mutations. The disease progressed rapidly, and the patient died four months after surgery from extensive lung metastasis.

CONCLUSION
Our report highlights the patient’s pathological characteristics and related genetic mutations. Due to the rapid development and poor prognosis of cooccurring PTC and sarcoma, it is important for clinical physicians and pathologists to raise awareness of this type of tumor.
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Core Tip: This manuscript reports the case of a patient diagnosed with coexisting papillary thyroid carcinoma and undifferentiated pleomorphic sarcoma. The coexistence of these two pathological types is extremely rare and has not been previously reported in the online Medline database. We retrospectively reviewed the clinical and pathological characteristics of this case and analyzed the related genetic mutations and possible treatments to raise awareness of this rapidly developing tumor.

INTRODUCTION
Thyroid malignancies include primary thyroid cancer, sarcoma, lymphoma, and secondary malignant cancer. Primary thyroid cancer is the most common thyroid malignancy and is categorized as papillary thyroid cancer (PTC), follicular thyroid cancer (FTC), anaplastic thyroid cancer (ATC), or medullary thyroid cancer (MTC)[1]. While the prognosis of PTC and FTC is good, the prognosis of MTC and ATC is poor. The incidence rate of primary thyroid sarcoma (PTS) is low[2], and this disease category includes angiosarcoma, fibrosarcoma, leiomyosarcoma, hemangioendothelioma and undifferentiated pleomorphic sarcoma (UPS). UPS is a type of sarcoma without defined mesenchymal cell differentiation. It was previously known as malignant fibrous histiocytoma (MFH) and was first named UPS in the 2013 World Health Organization Classification of Soft Tissue Sarcoma[3]. Most malignant thyroid lesions involve only one pathological type; however, some cases have been reported in which two different histological types were present simultaneously. For example, PTC occurring with metastatic uterine leiomyosarcoma[4], epithelial angiosarcoma[5], synovial sarcoma[6], or endobronchial histiocytic sarcoma[7]. In this article, we report the case of a patient with PTC cooccurring with UPS. We also retrospectively reviewed the clinical and pathological characteristics of this case and analyzed the related genetic mutations and possible treatments.

CASE PRESENTATION
Chief complaints
A 71-year-old man was admitted to our hospital for a mass on the right side of his neck for one month.

History of present illness
The mass rapidly enlarged within 2 wk with distending pain from the right shoulder to the neck. Other symptoms included irritability, tremor, and loss of weight. No hoarseness, dyspnea, or other symptoms were present.

History of past illness
The patient had a 10-year history of hyperthyroidism, but he had stopped taking his medications by himself and had not received any further related medical examinations.

Personal and family history
The patient had no family history of thyroid malignancy.

Physical examination
Physical examination revealed a large mass on the right side of his thyroid, which was hard and did not move with swallowing.

Laboratory examinations
The patient’s thyroid function, routine blood test, liver function, and renal function results were within the reference range. Acidosis, hyperlactatemia, and hypokalemia were presented, with specific results as: Serum pH, 7.31; PaCO2, 44.9 mmHg; HCO3-, 22.8 mmol/L; AG, 16.9; lactic acid, 4.8 mmol/L; K+, 3.3 mmol/L.

Imaging examinations
Ultrasound showed bilateral thyroid nodules. The right-side nodule was 58 mm × 41 mm × 67 mm and was classified as Thyroid Imaging Reporting and Data System (TI-RADS) 4A. The left-side nodule was 6.4 mm × 8 mm × 8 mm in size and was classified as TI-RADS 4C (Figure 1). Magnetic resonance imaging revealed that the mass was obviously pushing the trachea from right to left (Figure 2). Fine-needle aspiration showed only bilateral thyroid malignancy. Further pathological diagnosis required more thyroid tissue for confirmation.

Genetic testing
Gene mutation analysis was also performed using a thyroid cancer 8 gene detection kit (fluorescent PCR), which detects oncogenic mutations (BRAF, NRAS, HRAS, KRAS, and TERT) and chromosome rearrangements (CCDC6-RET, PAX8/PPAR, and EVT6-NTRK3). The patient had BRAF and TERT mutations.

FINAL DIAGNOSIS
Considering all the information above, the patient was diagnosed with bilateral thyroid malignancy.

TREATMENT
The patient underwent total thyroidectomy with bilateral central lymph node dissection. The pathology of the left nodule showed tumor cells with nuclear membrane irregularities arranged in a follicular pattern (Figure 3), and immunohistochemistry showed positive staining for CK19, MC, Gal-3, and TTF1, which matched the characteristics of PTC. The pathology of the right nodule showed two distinctive components. One component comprised spindle-shaped, round, or ovoid cells with increased mitotic activity, and immunohistochemistry showed diffuse positivity for vimentin and p53 with only sporadic CK19 expression, which supported the diagnosis of UPS (Figure 4). The other component of the right nodule matched the characteristics of PTC pathologically and immunohistochemically (Figure 5). Hence, combining the clinical behavior of the nodules with the pathological results, we concluded that the patient had coexisting PTC and UPS tumors.

OUTCOME AND FOLLOW-UP
Unfortunately, for financial reasons, the patient refused to accept any further treatment. Three months after the surgery, the patient developed severe respiratory symptoms. He came to the hospital again, and serious lung metastasis was discovered (Figure 6). He died one month after the discovery of the metastasis.

DISCUSSION
To the best of our knowledge, this report is the first documented case of coexisting PTC and UPS in one tumor lesion. PTS stems from mesenchymal tissue, and the incidence of this thyroid malignancy is only approximately 0.01% to 1.5%[2]. UPS is a rare type of PTS. The morphological features of UPS are easily distinguished from those of well-differentiated thyroid carcinoma; however, the pathological features of UPS and ATC are similar on H&E staining. On immunohistochemistry, ATC is positive for epithelial markers, such as CK. However, UPS is positive for mesenchymal markers, such as vimentin, but not epithelial markers[8]. In our case, only a few cells were positive for CK; however, diffuse strong positive vimentin expression was detected. Therefore, based on the histological features and immunohistochemical results, we diagnosed the patient with coexisting PTC and UPS.
We searched the PubMed database for patients with PTS occurring with PTC using the following search terms: [(papillary thyroid carcinoma) AND (sarcoma OR angiosarcoma OR fibrosarcoma OR leiomyosarcoma OR hemangioendothelioma OR fibrous histiocytoma OR undifferentiated pleomorphic sarcoma)]. Only three patients with coexisting PTC and PTS were found in PubMed, and the type of sarcoma these patients had was epithelial angiosarcoma[5], synovial sarcoma[6] or endobronchial histiocytic sarcoma[7]. No case similar to ours was found. All patients in the three cases underwent total thyroidectomy. Aggarwal et al[7] described the case of a patient with endobronchial histiocytic sarcoma who experienced PTC. The patient underwent 5 cycles of cyclophosphamide, adriamycin, and platinum combination chemotherapy and was well after six months of follow-up. Kefeli et al[5] reported the case of a patient with thyroid angiosarcoma arising in follicular-variant PTC but did not report follow-up data. Nicola et al[6] reported the case of one patient who had PTC with synovial sarcoma. The patient underwent total thyroidectomy and was free of disease postoperatively. We also found a Chinese case report written by Wang et al[9] that described a patient with coexisting PTC and UPS. In this patient, UPS was detected 4 years after thyroidectomy for PTC, and in the UPS tissue, a small papillary lesion was observed, which was defined as tumor-to-tumor metastasis, an uncommon situation in which one tumor metastasizes to a second biologically unrelated primary tumor at the same site[10]. Our patient already presented with both PTC and UPS when it was first discovered, so we could not determine whether tumor-to-tumor metastasis occurred in our case.
The test for 8 gene mutations in this patient included oncogenic mutations (BRAF, NRAS, HRAS, KRAS, and TERT) and chromosome rearrangements (CCDC6-RET, PAX8/PPAR, and EVT6-NTRK3). In our case, the patient had BRAFV600E and TERTC228T gene mutations. The BRAFV600E mutation overstimulates the mitogen-activated protein kinase (MAPK) pathway. The MAPK pathway regulates the expression of several genes associated with proliferation and differentiation[11]. BRAF kinase acts as an intracellular signal transducer in the MAPK pathway. Therefore, the BRAFV600E mutation results in high BRAFV600E kinase activity and can lead to uncontrolled cell proliferation and metastasis[12]. The influence of BRAF on patient outcomes is still inconclusive. Some researchers have pointed out that the BRAFV600E mutation is associated with worse outcomes among PTC patients than other mutations and is also significantly associated with lymph node metastasis, extrathyroidal extension, an advanced disease stage, and a higher recurrence rate[13]. However, some other researchers demonstrated that PTC patients with the BRAFV600E mutation did not have a significantly higher risk for a poor prognosis[14]. These findings suggest that an isolated BRAF mutation is probably not specific for tumor-related mortality. Since thyroid carcinoma patients occasionally have more than one molecular mutation and the behavior of tumors may result from other gene mutations, which are known to lead to aggressive characteristics, a comprehensive discussion of different genes is essential.
Mutations in the telomerase reverse transcriptase promoter (TERT), including TERTC228T or TERTC250T, were first reported in thyroid cancer in 2013 by Liu et al[15]. Many studies have been conducted to explore the relationship between a poor prognosis and TERT mutations. TERT is a component of telomerase that adds DNA repeats onto the chromosome. It resynthesizes telomeres to preserve a sufficient telomere length for continued chromosomal replication. Mutation of the TERT promoter prompts TERT transcription, and the unlimited preservation of the telomere length facilitates cancer cell immortality. TERT mutations have been observed in only 10% of well-differentiated PTCs[16] and are associated with factors such as increased age, extrathyroidal invasion, an advanced disease stage at diagnosis, and a dedifferentiated histological type. TERT is also independently associated with PTC dedifferentiation[17]. Several studies have demonstrated the synergistic effects of concomitant mutations of BRAF and TERT. Chen et al[14] reported that PTC patients with both BRAFV600E and TERT mutations had an increased risk for a poor prognosis in terms of mortality, disease persistence, and recurrence compared with patients with one gene mutation. In another report, the interaction between BRAFV600E and TERT mutations was studied by transcriptomics[18]. In this study, when the BRAFV600E mutation was present, activation of the MAPK pathway upregulated the expression of the E-twenty-six transcription factor family, which can bind to the mutant TERT promoter and increase TERT transcription[17]. These results explain why cancer-specific mortality is increased in patients with both gene mutations.
No conclusive analysis has been performed of the possible genes associated with UPS. The possible associated mutations described to date are in GNAS, TP53, K-ras, and other genes, such as CSF1R, FGFR3, KDR, APC, PDGFRA, FLT3, ERBB4, KIT, STK11, and RET[19]. Our patient had UPS with BRAF and TERT mutations. Interestingly, studies have shown that high mutant BRAFV600E kinase activity causes genetic instability, and secondary mutation of the phosphoinositide 3-kinase-Akt serine/threonine kinase (PI3K-AKT) pathway occurs, thus leading to further progression of ATC[20]. Since ATC and UPS are both poorly differentiated tumors and have similar histological behaviors, genetic instability caused by BRAF may also lead to the generation of UPS. More research is needed to identify the association between UPS and BRAF and TERT mutations. According to the American Thyroid Association guidelines, treatment for PTC includes surgery, radiotherapy, or chemotherapy. Most PTC patients respond well to surgery and survive long-term. On the other hand, although surgery is the main treatment for UPS, due to the high aggressiveness of the tumor, it is difficult to achieve a satisfactory margin of resection, and there is a high risk of local recurrence[3]. Adjuvant radiotherapy and chemotherapy are typically given after surgery, but no proven benefit has been described[3]. Patients typically die from local recurrence or distant metastasis. Due to the rarity of coexisting PTC and UPS, therapy might be challenging because no treatment recommendations have been made to date. Recently, improvements in molecular diagnostic techniques have helped scientists identify targeted treatments for these patients. These targeted drugs can block the activity of oncogenes by binding to molecules in the signaling pathway associated with cellular differentiation, thus inhibiting tumor progression. Our patient had the BRAFV600E mutation and a TERT mutation, and this pattern of molecular alteration is likely to result in tumor progression. Thus, a more aggressive treatment is needed. When the BRAFV600E mutation is present, the MAPK pathway is overactivated; thus, we hypothesize that tyrosine kinase inhibitors might be effective by suppressing this signaling pathway[1]. A combination of the BRAF inhibitor dabrafenib and the MEK inhibitor trametinib can be considered. This combination is approved by the FDA, and a central radiology review demonstrated an overall response rate of 69%[21]. In one patient, dabrafenib/trametinib therapy was well tolerated, and the patient lived for more than six months[22]. To date, no medications targeting TERT or telomerase have been developed.

CONCLUSION
PTC coexisting with UPS is rare and is first reported in this article. Immunohistochemical tests are crucial for differential diagnosis. Several mutations in important oncogenes, such as BRAF and TERT, may participate in the generation of this tumor. Surgery is the standard treatment for PTC and UPS; however, advanced targeted therapy should be considered for further treatment.
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Figure Legends
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Figure 1 Cervical ultrasound of the patient before surgery. A: The right-side nodule (orange arrow) was 58 mm × 41 mm × 67 mm and was classified as TI-RADS 4A; B: The left-side nodule (orange arrow) was 6.4 mm × 8 mm × 8 mm and was classified as TI-RADS 4C.
[image: D:\168\编稿\76106\新建文件夹\76106-g002.png]
Figure 2 Cervical magnetic resonance imaging of the patient revealing an enlarged thyroid mass. A and B: Coronal and transverse magnetic resonance imaging showing that the enlarged right-sided thyroid nodule (orange arrow) pushed the trachea (blue arrow) to the left.
[image: D:\168\编稿\76106\新建文件夹\76106-g003.png]
Figure 3 Pathological and immunohistochemical characteristics of papillary thyroid cancer. A and B: Tumor cells were arranged in a follicular pattern with enlarged nuclei and irregular nuclear membranes, indicating papillary thyroid cancer (PTC) (A: H&E, × 100; B: H&E, × 400); C: PTC cells were strongly positive for CK19 (IHC, × 200); D: PTC cells were strongly positive for TTF1 (IHC, × 200).
[image: D:\168\编稿\76106\新建文件夹\76106-g004.png]
Figure 4 Pathological and immunohistochemical characteristics of undifferentiated pleomorphic sarcoma. A and B: Tumor cells were spindle-shaped, round, and ovoid with irregular nuclei and frequent mitoses (A: H&E, × 100; B: H&E, × 400); C: Tumor cells were strongly positive for vimentin (IHC, × 200); D: Tumor cells were negative for CK19 (IHC, × 200).
[image: D:\168\编稿\76106\新建文件夹\76106-g005.png]
Figure 5 Pathology result of the right nodule showing both papillary thyroid cancer and undifferentiated pleomorphic sarcoma. A: The papillary component (yellow square) grew within the pleomorphic spindle cell component (H&E, × 25); B: High-power magnification of the yellow-square area in A. In the high-power field, the papillary component showed characteristics of papillary thyroid cancer (PTC) (H&E, × 200); C: CK19 staining showed CK19-positive components (orange arrows), which suggested PTC cells, and the other CK19-negative cells were undifferentiated pleomorphic sarcoma cells (IHC, × 200).
[image: D:\168\编稿\76106\新建文件夹\76106-g006.png]     
Figure 6 Computed tomography of the lung metastasis. Computed tomography three months after surgery showing multiple solid nodules in both lung fields, indicating metastasis, and a larger number of and larger nodules in the left lower lobe. The largest lesion was 25 mm.
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