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Abstract
BACKGROUND
Solitary fibrous tumors (SFTs) occurring in the parapharyngeal space are rare, and their final diagnosis depends on pathological and immunohistochemical analyses. Once the tumor is diagnosed, complete resection and regular postoperative follow-up are required.

CASE SUMMARY
A 40-year-old male patient with a right parotid gland mass discovered 8 years ago was admitted to hospital. The mass showed no tenderness or local skin redness. Imaging was carried out as the patient had stable vital signs and showed that the mass was a dumbbell-shaped tumor comprising a superficial tumor approximately 5 cm long and 3 cm wide in size that compressed the right parotid gland and a deep tumor located in the right parapharyngeal space approximately 4.5 cm long and 2.5 cm wide in size. Both tumors were connected in the middle. Prior to surgery, the tumors were considered to be parapharyngeal schwannomas. During surgical dissection, the tumors were found to be smooth and tough, without obvious adhesion to the surrounding tissues. The tumors were revealed to be a SFT following postoperative pathological analysis.

CONCLUSION
SFTs in the parapharyngeal space are rarely reported, and complete resection of such tumor is recommended. Adjuvant chemoradiotherapy is used in patients with extensive tumor invasion to lower the recurrence rate. Postoperative long-term follow-up is required.
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Core Tip: Parapharyngeal space solitary fibrous tumor (SFT) is quite rare. In this case study, a dumbbell-shaped SFT in the parapharyngeal space in a male patient is reported. The tumor was completely excised under general anesthesia, and postoperative recovery was uneventful. The diagnosis, pathology and treatment methods of SFTs are discussed in this report.

INTRODUCTION
Solitary fibrous tumor (SFT) is a relatively rare tumor in clinical practice and is mainly seen in the pleura[1]. Head and neck SFTs mainly occur in the orbit and oral cavity[2] and are rarely found in the parapharyngeal space. Here, we report a rare dumbbell-shaped SFT in the parapharyngeal space.

CASE PRESENTATION
Chief complaints
A 40-year-old man was admitted to our department due to a right parotid mass that was found 8 years ago.

History of present illness
Over the past 8 years, the tumor had slowly increased in size. A higher temperature could be felt through the skin where the tumor was located, but no tenderness or redness was observed.

History of past illness
The patient had no history of surgical trauma, chronic disease or allergies.

Personal and family history
The patient rarely drinks alcohol but has been a smoker for 20 years, with an average of one pack of cigarettes per day. His family members are in good health and have no similar diseases.

Physical examination
A palpable mass approximately 5 cm × 4 cm × 3 cm in size was observed near the parotid gland on the right. The mass was tough with moderate mobility, but there was no tenderness, obvious redness, swelling or pain. There were no palpable enlarged lymph nodes in the neck.

Laboratory examinations
No abnormalities were found on routine blood tests, biochemical examination, electrocardiogram and chest radiograph.

Imaging examinations
On magnetic resonance imaging (MRI) an isometric T1 long T2 signal mass with a clear boundary and a maximum cross-section of approximately 31 mm × 36 mm and a vertical diameter of about 50 mm was observed on the right parotid gland. At the right parapharyngeal space, irregular T1 slightly longer T2 signal masses with clear centered boundaries and a maximum cross-section of approximately 20 mm × 45 mm were found. The tumors were initially diagnosed as parotid masses, with calcium acini, parapharyngeal space irregular masses and enlarged lymph nodes, but pleomorphic adenoma was excluded. Pre-surgical reassessment of the imaging data revealed that the tumors were more likely to be a parapharyngeal space schwannoma.

FINAL DIAGNOSIS
SFT of the parapharyngeal space.

TREATMENT
Under general anesthesia, an incision was made via a parallel path from the back of the right ear to the submandibular area to explore and to protect the facial nerve, and the tumors in the deep surface of the parotid gland and the right parapharyngeal space were completely removed (Figure 1). Postoperative pathological results revealed that the isolated tumors from the right parapharyngeal and right parotid gland were fibrous tumors (intermediate tumors). Further analysis of the tumor cells by immunohistochemistry showed vimentin (+), signal transducer and activator of transcription 6 (STAT6) (+), CD34 (+), smooth muscle actin (blood vessel +), beta-catenin pulp (+), CD31 (-), desmin (-), S100 (-) and Ki-67 (+ 3%) (Figure 2).

OUTCOME AND FOLLOW-UP
On day 5 after surgery, the patient had a slight droop in the right corner of his mouth. The nasolabial fold was normal and the brow furrow was wrinkled, but there was no discomfort in the surgical area.

DISCUSSION
Initially thought to be a type of mesothelioma, SFT is now generally believed to originate from CD34+ and B-cell lymphoma 2 (Bcl-2)+ dendritic mesenchymal cells. As SFTs are widely distributed in human connective tissues, they can occur in any part of the human body[3]. SFT is difficult to diagnose clinically as the histological changes in SFT are complex and diverse, making it difficult to distinguish SFT from other tumors. Currently, the diagnosis of SFT mainly relies on imaging studies and pathological examinations.
An SFT on computed tomography (CT) mostly presents as a round, well-defined and isolated mass without lobules or shallow lobules that are significantly associated with benign or malignant tumors[4]. Calcification may be present in the tumor, with the solid area being generally uniform in density, but with the cystic lesion area being generally low in density. Invasive or malignant SFT is prone to necrosis, hemorrhage and degeneration that lead to a relatively mixed CT density. Typical CT manifestations of most SFTs appear to be nodular or patchy, with sporadic calcification in slightly low-density areas that may exist in equally high- or slightly high-density areas[5,6]. Different tumor tissues exhibit different signals during MRI. A number of studies have reported that T1 weighted imaging (T1WI) can show low or isosignals, while T2 weighted imaging (T2WI) can show low or medium signals, or a mixture of low and high signals. For instance, long T1 and long T2 signals have been observed in cystic degeneration, and if the tumor contains a large amount of fibrous tissue, T1WI and T2WI signals are low. Contrast-enhanced scanning of the tumor can result in the tumor being moderately or significantly enhanced[2,5,7].
Head and neck SFTs can be challenging to distinguish from neurilemmoma, cavernous hemangioma, pleomorphic adenoma, mucoepidermoid carcinoma and other diseases[2]. Typically, MRI scans of schwannoma show T1WI with low or isosignals and T2WI with high or slightly high signals; while those of atypical schwannoma show uneven T1WI and T2WI[8]. The main features of schwannoma on MRI scans can be summarized as follows: (1) Target sign: The central region and the edge region on T1WI show a medium signal and low signal, respectively; while the central region and the edge region on T2WI show an uneven signal and high signal, respectively[9]; (2) Nerve access sign: The main occurrence of tumors is in the large intermuscular nerve trunk; (3) Fat encapsulation and fatty tail sign: Fat encapsulation around the tumor is clearly shown on T1WI; and (4) Cerebrospinal fluid is present in the caudate[10]. Our patient had a clear boundary between the right parapharyngeal gland tumor and the right parotid gland tumor, and a connection was found between the tumors in the right parapharyngeal space. Therefore, the mass was considered to be a single dumbbell-shaped tumor that compressed the right parotid gland in the parapharyngeal space (Figure 3). MRI scans showed that the right parotid tumor was a T1 long T2 signal mass with a clear boundary. Irregular T1 and slightly longer T2 signal masses with clear boundaries were seen in the center of the right parapharyngeal space. On the contrary, imaging findings revealed the fatty inclusion sign of a schwannoma (Figure 3), possibly due to the diversity and complexity of SFT tumor tissues. However, accurate diagnosis of SFT requires further postoperative pathological and immunohistochemical examinations.
In terms of pathological features, SFT cells have alternately arranged sparse and dense areas. The sparse areas mainly comprise fine spindle cells with insignificant heteromorphism. The cells in the rich area are mainly oval, round and short fusiform, with less cytoplasm, vacuolated nuclei and rare mitosis events. The cells can be arranged radially, mat striated, in bundles or in the shape of a fishbone. Intercellular collagen fibers of varying thickness and morphology as well as a large number of parenchymal blood vessels are often found in SFT. A few SFTs can have cystic changes and mucous changes. Due to the current lack of a unified standard method for the diagnosis of malignant SFT, most recognized malignant SFT cells are characterized by the presence of high tumor cell density, obvious atypia, mitotic phase count of ≥ 4/10 HPF, necrosis and hemorrhage[11,12]. In addition to pathomorphological analysis, immunohistochemistry evaluation is also important for the accurate diagnosis of SFT. SFT-positive immunohistochemical markers mainly include vimentin, CD34, CD99 and Bcl-2. A study showed that the widely distributed and strongly expressed CD34 is a specific marker for SFT[13]. Another study demonstrated that SFT cells have a CD99-positive rate of approximately 70% and a Bcl-2-positive rate of about 35%[13,14]. However, Bcl-2 has been found to be more sensitive than CD34 in the diagnosis of malignant SFT[15]. Liu et al[16] have also indicated that CD34 expression can be decreased or lost in the mesogenetic region of SFT cells. Compared with tumors that share similar morphological characteristics and immunohistochemical expression to SFTs, it is difficult to diagnose accurately SFT through the joint application of immunohistochemical antibodies such as CD34, CD99, Bcl-2 and vimentin. Researchers subsequently found that STAT6 expression is more specific in the diagnosis of SFT[17]. Yoshida et al[18] conducted immunohistochemical staining of STAT6 in 49 patients with SFT and 159 patients with non-SFT tumors, and the results showed that the 49 patients with SFT all displayed STAT6 prokaryotic expression, which was absent in more than 95% of patients with non-SFT tumors. Cheah et al[19] carried out immunohistochemical staining with RabMab antibody STAT6 on 54 patients with SFT and 99 patients with non-SFT tumors which share similar cytohistologic characteristics with SFT, and concluded that all 54 patients with SFT had positive expression of STAT6 in the nucleus, while 99 patients with non-SFT tumors all had negative expression of STAT6 in the nucleus. The above studies confirm that STAT6 is an immunohistochemical marker highly specific for SFT. The immunohistochemical evaluation of our patient showed results consistent with those for SFT diagnosis.
In terms of treatment methods, complete surgical resection is the main treatment approach. The tumors should be clearly distinguished from surrounding tissues as quickly as possible. SFT recurrence depends on whether the tumor has been completely removed during surgery[20]. As these tumors were unable to be clearly defined as benign or malignant before and during surgery, Zhu et al[21] have suggested that the resection range of SFT should be ≥ 2 cm from normal tissues. If the tumor is infiltrating or metastasizing, the scope of surgery should be expanded. For patients with incomplete removal and extensive tumor invasion, adjuvant chemoradiotherapy can be used to reduce the rate of recurrence. Malignant transformation of SFT in the head and neck is relatively rare[22]. SFT from pleural tissues that occurs in the abdominal cavity is more invasive with a higher recurrence rate and a worse prognosis compared to that from other areas[23]. Therefore, regular postoperative follow-up is very important.

CONCLUSION
We report a rare dumbbell-shaped parapharyngeal space SFT. Currently, the diagnosis of such diseases mainly relies on imaging and pathological examinations, but this case indirectly shows that preoperative imaging evaluation could lead to misdiagnosis of a non-typical SFT, and confirmation relies on postoperative pathological immunohistochemical results. As it is difficult to determine whether a tumor is benign or malignant before and during surgery, thorough tumor resection is necessary. We fully removed the tumor to avoid recurrence.
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Figure Legends
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Figure 1 Under general anesthesia, an incision was made via a parallel path from the back of the right ear to the submandibular area to explore and to protect the facial nerve, and the tumors in the deep surface of the parotid gland and the right parapharyngeal space were completely removed. A: A superficial tumor that compressed the parotid gland; B: A deep tumor in the parapharyngeal space; C: Resected tumors compared with a 10 mL syringe.
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Figure 2 Immunohistochemistry of signal transducer and activator of transcription 6 (Elivision × 100) (A) and hematoxylin and eosin staining of tumor cells (× 100) (B).
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Figure 3 A clear boundary between the parotid gland tumor and the parotid gland is observed, and the two tumors are connected at the point indicated by the arrow (A) and fatty inclusion sign of a schwannoma is indicated by the arrow (B).
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