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Abstract
BACKGROUND
Solitary fibrous tumor (SFT) is a rare fibroblastic mesenchymal neoplasm that affects spindle cell soft tissues with broad-spectrum biological behavior; it is predominantly benign, and rarely metastasizes. SFT occurs mainly in the tissue structure of the serosa in the pleura and the thorax, and can be found throughout the body, though extra-thoracic localization, including the cephalic region, is uncommon. We reported the first case of intracranial malignant SFT metastasized to the chest wall.

CASE SUMMARY
[bookmark: OLE_LINK1864][bookmark: OLE_LINK1865]An 81-year-old Japanese man was referred to our hospital due to progressive gait disturbance and appetite loss. His medical history included partial resection due to brain tumor, four times, and 50-Gray radiation therapy at another hospital, starting when he was 74 years old. An unenhanced head computed tomography (CT) scan revealed an 8 cm × 5.1 cm × 6.5 cm mixed-density mass at the left frontal lobe, accompanying a midline shift, and an unenhanced chest-abdomen CT scan revealed a 6 cm × 4.1 cm × 6.5 cm low-density mass in the left chest wall. A CT-guided percutaneous lung biopsy was performed, and the pathological findings were SFT corresponding to brain tumor. Finally, the correct diagnosis of his brain tumor in history of past illness revealed to be SFT, and the unremovable tumor, namely present brain lesions enlarged and metastasized to the chest wall. We established a definitive diagnosis of intracranial malignant SFT metastasized to the chest wall. We notified him and his family of the disease, and offered palliative care. He passed away on the 29th hospital day.

CONCLUSION
This case suggests the need for careful, detailed examination, and careful follow-up when encountering patients presenting with a mass.

Key Words: Solitary fibrous tumor; Intracranial malignant solitary fibrous tumor; Metastasized chest wall tumor; Cluster of differentiation 34; STAT6; Case report

[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88][bookmark: _GoBack]Citation: Usuda D, Yamada S, Izumida T, Sangen R, Higashikawa T, Nakagawa K, Iguchi M, Kasamaki Y. Intracranial malignant solitary fibrous tumor metastasized to the chest wall: A case report and review of literature. World J Clin Cases 2020; 8(20): 4844-4852 
URL: https://www.wjgnet.com/2307-8960/full/v8/i20/4844.htm 
DOI: https://dx.doi.org/10.12998/wjcc.v8.i20.4844

Core Tip: Solitary fibrous tumor (SFT) is a rare fibroblastic mesenchymal neoplasm that affects spindle cell soft tissues, demonstrating broad-spectrum biological behavior; it is ordinarily benign, and rarely known to metastasize. SFT occurs primarily in the serosa tissue structure in the pleura and the thorax, and can be found throughout the body, though extra-thoracic localization, including the cephalic region, is uncommon. We have reported the first known case of intracranial malignant SFT metastasized to the chest wall; this case suggests the need for careful, detailed examination, and careful follow-up when encountering patients presenting with a mass.
INTRODUCTION
[bookmark: OLE_LINK11]Solitary fibrous tumor (SFT) is a rare type of fibroblastic mesenchymal neoplasm that affects spindle cell soft tissues, demonstrating broad-spectrum biological behavior; it is ordinarily benign, and rarely known to metastasize[1-7]. SFT occurs primarily in the serosa tissue structure in the pleura and the thorax, and can be found throughout the body, though extra-thoracic localization, including the cephalic region, is uncommon[1-3,8-12].
[bookmark: OLE_LINK4][bookmark: OLE_LINK1867][bookmark: OLE_LINK1866][bookmark: OLE_LINK8][bookmark: OLE_LINK10]SFT of the central nervous system (CNS) was first reported by Carneiro et al[13] in 1996, with only limited subsequent reports: of the roughly 200 described cases, there have been only five reports to date of extracranial hematogenous metastases that include lung, liver, bone, soft tissue, and a combination of two or more regions[14]. Malignant intracranial SFT is exceedingly rare, and in fact the exact origination of CNS SFT remains a controversial topic[9]. Intracranial SFT seemingly tends to demonstrate dural attachment, and is frequently misinterpreted as meningioma when detected either radiologically or surgically[9]. The pleura may be affected by primary tumors, or by the metastasizing and spreading of intrathoracic or extrathoracic neoplasms[12]. A broad variety of other neoplasms also involve the pleura, the most common of which, by a significant margin, is metastatic carcinoma, generally of pulmonary origin[15]. It is less common, but still possible, for other metastatic tumors of various histogenesis to occur, as well[15]. Though SFT of the pleura is rarely encountered as a benign neoplasm, it may have malignant characteristics[16]. To date, there have not been any reports of intracranial malignant SFT metastasizing to the chest wall; therefore, we have reported the first such case, together with a brief review of literature.

CASE PRESENTATION
Chief complaints
An 81-year-old Japanese man was referred to our hospital due to progressive gait disturbance and appetite loss.

History of past illness
His medical history included partial resection due to brain tumor, four times, starting when he was 74 years old, and 50-Gray radiation therapy when he was 77 years old, at another hospital. In addition, he was phlebotomized three times due to polycythemia vera when he was 81 years old, and was diagnosed with Alzheimer’s disease. He was given 90 mg of phenobarbital, 500 mg of hydroxycarbamide, and 5 mg of donepezil on a regular basis. He had no history of smoking or drinking alcohol, and no history of exposure to asbestos. He did not undergo regular medical exams. The patient was unemployed, and had no food or drug allergies. However, he needed full assistance for everyday life activities. He presented no family history of malignant disease.

Physical examination
The patient was 158 cm tall and weighed 52 kg. His vital signs were abnormal, with blood pressure of 94/77 mmHg, heart rate of 80 regular beats/min, body temperature of 36 °C, oxygen saturation of 97% in ambient air, and respiratory rate of 16/min; his glasgow coma scale score was 15 (E4V5M6) points. He complained of right hemiparesis, and manual muscle testing for the right half of the body had a grade of 2. On the other hand, nothing else abnormal was detected upon physical examination, including skin or neurological findings.

Laboratory examinations
Routine laboratory examination revealed increased values of white blood cells, red blood cells, hemoglobin, hematocrit, aspartate transaminase, alanine aminotransferase, lactate dehydrogenase, alkaline phosphatase, gamma-glutamyl transpeptidase, C-reactive protein, and plasma glucose, and decreased values of creatine phosphokinase, creatinine, and sodium. However, other values were normal, including complete blood count, biochemistry, and tumor marker for diagnosing lung cancer (Table 1).

Imaging examinations
[bookmark: OLE_LINK1869][bookmark: OLE_LINK1868][bookmark: OLE_LINK2][bookmark: OLE_LINK3]An unenhanced head computed tomography (CT) scan revealed an 8 cm × 5.1 cm × 6.5 cm mixed-density mass at the left frontal lobe, accompanying a midline shift (Figure 1A). An unenhanced chest-abdomen CT scan revealed a 6 cm × 4.1 cm × 6.5 cm low-density mass in the left chest wall at the superior segment, namely S6 (Figure 1B).

MULTIDISCIPLINARY EXPERT CONSULTATION
Malignancy was not detected through upper esophagogastroduodenoscopy and colonoscopy. At this point, we suspected a diagnosis of brain tumor plus metastatic chest wall tumor. The patient was hospitalized for further examination and treatment, and we performed a CT-guided percutaneous lung biopsy. The hematoxylin and eosin stain pathological findings revealed the following (Figure 2A): A solid proliferation of atypical polymorphic cells, including spindle-shaped cells, multinucleated giant cells, and blood vessels with a wall irregularity were dominant, with mitosis and pericytomatous patterns in part. Immunohistochemical staining revealed positive results for Vimentin and cluster of differentiation (CD) 34-positive cells, and confirmed signal transducer and activator of transcription (STAT) 6-positive cells (Figure 2B and C, respectively). We obtained the pathological specimen to the hospital where his intracranial surgery had been performed, and it was found to be the same as that of the chest wall mass (Figure 2D). Finally, the correct diagnosis of his brain tumor in history of past illness revealed to be SFT, and the unremovable tumor, namely present brain lesions enlarged and metastasized to the chest wall.

FINAL DIAGNOSIS
Here, we established a definitive diagnosis of intracranial malignant SFT metastasized to the chest wall.

TREATMENT
We notified the patient and his family of the disease, and offered palliative care.

OUTCOME AND FOLLOW-UP
The patient passed away on the 29th hospital day.

[bookmark: OLE_LINK5]DISCUSSION
We present the first known case of intracranial malignant SFT metastasized to the chest wall. In a study of clinical characteristics and outcomes for SFT, 57% of the patients were women and 89% were of Caucasian descent[17]. Among these patients, the median age was 62 years (with a range from 20 to 89), and 39% of the patients ultimately died of the disease; for 34% of these patients, the primary tumor site was the lung/pleura, the abdomen/pelvis for 28%, an extremity for 16%, and in the head or neck for 11% of patients[17]. On the other hand, the exact incidence of SFT in the CNS is unclear, though reportedly low[9]. CNS SFT occurs with roughly equal gender distribution, in patients of a wide range of ages, with incidence rates peaking in the fifth and sixth decades of life, though a small number of cases have been described as occurring in children[9]. Also, it is well established that the vast majority of SFT involving CNS (over 94%) is benign, and that it rarely recurs or metastasizes[9].
According to Fargen’s review, most patients of SFT in the CNS presented with headache (50%), followed by imbalanced gait (22%), weakness (19%), loss of visual acuity (19%), dysfunction of the cranial nerve (17%), nausea and vomiting (13%), and confusion or other altered mental state (12%)[9].
CT scans remain the norm for evaluating thoracic SFT[18]. Magnetic resonance imaging (MRI) scans are useful for delineating tumors and evaluating their invasion into adjacent organs, such as the diaphragm, the chest wall, or nerves; consequently, MRI scans serve a complementary role to these other imaging modalities for both disease staging and patient evaluation[12,15,18]. SFT imaging findings can vary, and resemble meningioma in imaging; the appearance on T2-weighted MRI scans of nonspecific yet well-circumscribed ovoid or rounded masses with characteristic hypo-intensity, and avid enhancement on CT and MRI scans, may imply an SFT diagnosis[18,19]. In addition, CT scans and/or fluorodeoxyglucose positron emission tomography/CT scans can be used for initial evaluations of pleural neoplasms[12].
The World Health Organization (WHO) classification for soft tissue tumors regards hemangiopericytoma (HPC) and SFT as a continuous spectrum of neoplasia, and many lesions that were considered HPC before 1990 would now be regarded as SFT[9]. Morphologically, SFT is generally characterized by hypercellularity alternating with hypocellularity, with spindle cells between irregular hyalinized collagen bundles, with a pattern-less architecture and a focal HPC-like perivascular pattern rich in staghorn vasculature; however, there is a broad spectrum of both SFT morphology and biological behavior[1,4,9,20]. Over half of all SFT cases test positive for CD34, CD99, ALDH1, and bcl-2, and strong Vimentin staining is also common[1,4,9,20]. In the CNS, SFT is ordinarily a dura-based, meningioma-like mass, known to develop out of the commonly found CD34-positive dendritic interstitial cells of meningeal coverings, with no meningothelial differentiation[9]. SFT ordinarily tests negative for the S-100, GFAP, EMA, cytokeratin, and vascular antigens[9].
Recent research has validated the diagnostic utility of the nuclear expression of STAT6, a novel marker, as a way to distinguish SFT from potential histologic mimics[9,21]. Moreover, identifying the NGFI-A-binding protein 2 (NAB2)-STAT6 fusion gene can provide valuable diagnostic information, including in tissue that is formalin-fixed or paraffin-embedded, or when there is only limited biopsy material[9,21-23]. There are several NAB2-STAT6 fusion subtypes, but their clinical significances are not fully understood[24]. Moreover, the malignant progression mechanisms remain unclear[24]. On the other hand, the telomerase reverse transcriptase (TERT) gene promoter mutation activation is associated with aggressive histopathological features, indicating that it plays a role in the progression of tumors[22].
A conclusive diagnosis depends primarily on close examination of the histological and immunohistochemical features[9,16]. SFT has cytopathologic features that are found whether benign or malignant, increasing the difficulty of distinguishing between them[21]. The 2013 WHO classification of soft tissue tumors defines malignant forms as being hypercellular, mitotically active [> 4 mitosis/10 high-power fields (HPF)], with cytological atypia, tumor necrosis, and/or infiltrative margins[17]. While SFT with classical morphologic features is ordinarily indolent, and while SFT with overtly malignant histologic features tends to be an aggressive neoplasm behaving similarly to a high-grade sarcoma, SFT behavior is ultimately difficult to predict, underscoring the importance of awareness of SFT’s propensity for aggressive behavior in a minority of cases of histologically classical SFT, and the importance of ensuring satisfactory clinical follow-up[4]. At present, there are no criteria used to determine malignancy based on tumor size in cerebral SFT[9]. Furthermore, approximately 8% of cases have demonstrated what have been deemed “atypical features” based upon brain or bone invasion, marked pleomorphism, or high mitotic indices[9].
Surgical excision remains the gold standard for treating localized SFT, and remains the only curative option available; however, a complete resection of intracranial metastatic SFT can prove challenging[4,9,17,18,25]. In recent cases, combining surgery with radiotherapy has led to excellent local control in the treatment of soft tissue SFT[26]. In the event that surgical resection is unfeasible or has proven unsuccessful, alternative therapies have been described as having heterogeneous efficacy[27]. While only limited efficacy has been demonstrated by radiotherapy and conventional chemotherapeutic agents, novel targeted therapies that use antiangiogenic action have been found to show therapeutic efficacy in patients who have advanced or metastatic SFT[4,7,16,18,28]. Pazopanib has been found to be an effective option for the treatment of recurrent or metastatic SFT in first-, second-, and third-line settings[25,29,30]. However, this can lead to liver injury as a major adverse event, and when necessary, it is also important to take adequate treatment withdrawal and dose reduction into consideration[30]. Some scholars have suggested an intraoperative pathologic examination of CNS SFT to exclude the residual of the tumor at the incisal margin[9]. In cases such as these, adjuvant chemotherapy or radiotherapy may help to prevent recurrence[9]. However, to date, no studies have demonstrated radiotherapy’s role in improving long-term prognosis, and there is still too small a number of patients who have undergone adjuvant chemotherapy to be able to evaluate any possible benefit[9]. On the other hand, a study performed recently suggests that gamma knife radiosurgery may serve as a feasible adjunct for the treatment of SFT[9]. Finally, palliative systemic therapy is used in cases that are inoperable or metastatic, but with only low response rates[25].
Limited knowledge is available regarding SFT, about 15% of cases of which are malignant, with a 10%-30% likelihood of metastasizing[18,23,31,32]. Furthermore, metastases can occur in any age group, both early and late, in varying locations, and are typically diagnosed only after presentation with symptoms[19]. A minority of cases demonstrate more aggressive behavior, and even years after treatment, relapses, local recurrence, and distant metastasis can sometimes occur[11,19]. The metastatic disease sites vary by primary SFT site and the most common sites of SFT metastasis are, in order from most to least common, the lungs (61%), followed by the pleura (49%), the liver (41%), the bones (41%), and the peritoneum (41%)[33]. In another study, there was a 13% risk of metastasis in the independent cohort after five years, and a 16% risk of metastasis after ten years[31]. There is also a significant association between a mitotic count of ≥ 4 per 10 HPF, or malignant pathology, with metastatic SFT disease[33]. Therefore, long-term monitoring is essential, including regular clinical reviews, and early imaging is useful for recurrence and metastasis symptoms, with imaging modality selected based on clinical concern[19,34,35].
Malignant SFT in particular showed a rapid local recurrence and distant metastasis, with a poor prognosis[9]. In some SFT study, the tumor recurred in 22.5% of cases and metastasized in 11.8% of cases, while tumor death was seen in in 9.6% of cases[20]. The incidence of local recurrence and metastatic recurrence are both strongly associated with disease-specific death, and these events may occur as much as 10-20 years after the initial presentation, including in patients whose tumors were initially considered to be benign[19,34,35].
The key indicators of clinical outcome are still the dimensional pattern, the histopathological features, and curative surgery[1]. Regarding histopathological features, dedifferentiation serves as a key prognostic factor for SFT, and specific locations like cerebro-meningeal and intra-abdominal sites, and hypoglycemia, also led to a high risk of unfavorable prognosis[20]. Regarding curative surgery, it is most likely that the prognosis depends on the extent of complete resection, rather than on histologic grading[9]. Recurrence was commonly noted in cases that involved incomplete excision[9]. While gross total resection is demonstrably superior to subtotal/partial resection in treatment of CNS SFT, with a nearly 16-fold improvement of the odds of recurrence over patients who only undergo subtotal/partial resection, careful follow-up is still necessary, especially when gross total resection is unsuccessful or not an option[9]. According to the soft tissue and bone tumor classification published by the WHO in 2013, necessary criteria suggesting SFT malignant potential include hypercellularity, > 4 mitoses/10 HPFs, variable cytological atypia, tumor necrosis, and/or infiltrative margins; among these, mitoses seem to be the most effectively prognostic[9].
This case study has a limitation: this article only reviews a single case report and case series of SFT. Therefore, the actual situation and nature of SFT may differ from the results of the literature review as a result of reporting bias.

CONCLUSION
In conclusion, we have presented the first case of intracranial malignant SFT metastasizing to the chest wall. This case suggests the need for careful, detailed examinations when encountering patients presenting with a mass: When a neoplastic lesion is confirmed through image inspection, we should investigate thoroughly, including further image investigations and pathologic examination. In addition, careful follow-up is also necessary.
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Figure Legends
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[bookmark: OLE_LINK13][bookmark: OLE_LINK12]Figure 1 Computed tomography scan at admission. A: A plain head computed tomography (CT) scan revealed the postoperative state and an 8 cm × 5.1 cm × 6.5 cm mixed-density mass at the left frontal lobe, accompanying a midline shift (orange arrow); B: A plain chest-abdomen CT scan revealed a 6 cm × 4.1 cm × 6.5 cm low-density mass in the chest wall at the superior segment of the left lung (orange arrow). 
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[bookmark: OLE_LINK1870][bookmark: OLE_LINK1871]Figure 2 Histopathological image of the specimen. A: Specimen of left chest wall mass. A solid proliferation of atypical polymorphic cells, including spindle-shaped cells, multinucleated giant cells, and blood vessels with a wall irregularity are dominant. Mitosis and pericytomatous patterns were also confirmed in part. Hematoxylin and eosin staining (magnified 1000 ×); B: Specimen of left chest wall mass. CD34-positive cells were confirmed through immunohistochemical staining (magnified 1000 ×); C: Specimen of left chest wall mass. STAT6-positive cells were confirmed through immunohistochemical staining (magnified 1000 ×); D: A back-ordered specimen of intracranial tumor. A solid proliferation of atypical polymorphic cells, including spindle-shaped cells, multinucleated giant cells, and blood vessels with a wall irregularity are dominant. Mitosis and pericytomatous patterns were also confirmed in part. Hematoxylin and eosin staining (magnified 400 ×).
Table 1 Routine laboratory examination on admission
	Parameter (units)
	Measured value
	Normal value

	White blood cell (103/µL)
	18
	3.8-8.5

	Neutrophil (%)
	84.4
	48-61

	Lymphocyte (%)
	8.4
	25-45

	Monocyte (%)
	3.2
	4-7

	Eosinophil (%)
	3.6
	1-5

	Basophil (%)
	0.4
	0-1

	Red blood cell (106/µL)
	7.04
	3.78-4.97

	Hemoglobin
	17.8
	13.7-17.4

	Hematocrit
	56.9
	40.2-51.5

	Platelet (103/µL)
	214
	131-365

	Aspartate transaminase (IU/L)
	65
	12-31

	Alanine aminotransferase (IU/L)
	43
	8-40

	Lactic acid dehydrogenase (IU/L)
	592
	110-210

	Alkaline phosphatase (IU/L)
	1597
	100-330

	Gamma-glutamyl transpeptidase (IU/L)
	473
	9-49

	Total bilirubin (mg/dL)
	0.56
	0.3-1.2

	Total protein (g/dL)
	6.9
	6.7-8.3

	Albumin (g/dL)
	4.2
	3.9-4.9

	Creatine phosphokinase (IU/L)
	25
	65-275

	Blood urea nitrogen (mg/dL)
	15.4
	8-22

	Creatinine (mg/dL)
	0.48
	0.4-0.8

	Amylase (IU/L)
	77
	39-134

	Sodium (mEq/L)
	137
	138-146

	Potassium (mEq/L)
	4.8
	3.6-4.9

	Chloride (mEq/L)
	103
	99-109

	C-reactive protein (mg/dL)
	2.01
	0-0.4

	Plasma glucose (mg/dL)
	128
	70-109

	Carcinoembryonic antigen (ng/mL)
	1
	0-5

	Carbohydrate antigen 19-9 (U/mL)
	11.4
	0-37

	Squamous cell carcinoma related antigen antigen (ng/mL)
	1.3
	0-1.5

	Pro-gastrin-releasing peptide (pg/mL)
	45
	0-69

	Beta-D-glucan (pg/mL)
	7.6
	0-20
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