Name of Journal: World Journal of Clinical Cases
Manuscript NO: 67815
Manuscript Type: CASE REPORT

Malignant solitary fibrous tumor in the central nervous system treated with surgery, radiotherapy and anlotinib: A case report

Zhang DY et al. Malignant intracranial solitary fibrous tumor

Dong-Yong Zhang, Lan Su, Yi-Wei Wang

Dong-Yong Zhang, Department of Neurosurgery, the First Affiliated Hospital of China Medical University, Shenyang 110001, Liaoning Province, China

Lan Su, Department of Genetron Health, Genetron Health, Beijing 110024, China

Yi-Wei Wang, Department of Anatomy, Shenyang Medical College, Shenyang 110034, Liaoning Province, China

Author contributions: Zhang DY drafted the manuscript and prepared the figures; Su L drafted the global landscape; Wang YW analyzed the immunohistochemical results and reviewed the manuscript; All authors read and approved the final manuscript.

Corresponding author: Dong-Yong Zhang, PhD, Doctor, Department of Neurosurgery, the First Affiliated Hospital of China Medical University, Heping District, Shenyang 110001, Liaoning Province, China. zhangdongyong@cmu.edu.cn



Received: May 3, 2021
Revised: November 1, 2021
Accepted: December 7, 2021
Published online: 

1 / 20

Abstract
BACKGROUND
Solitary fibrous tumor (SFT) of the central nervous system is rare. It is predominantly benign and rarely malignant. There is no established standardized treatment regimen for malignant intracranial SFTs.

CASE SUMMARY
We present a rare case of SFT in a 9-year-old girl with a space-occupying effect in the frontal-parietal lobes. She underwent craniotomy, and the mass was resected. Immunohistochemistry examination of the specimen showed that Ki-67 proliferation index staining was highly positive in 80% of tumor cells. Whole exome sequencing of the surgical tissue showed 38 somatic gene mutations and 1 gene amplification such as fibroblast growth factor receptor 4 or TP53. At 1.5 mo after surgery, head magnetic resonance imaging revealed that the tumor had recurred. The patient received 60 Gy and 30 fractions of intensity modulated radiotherapy. The patient then received anlotinib 8 mg po qd for 1-14 d of a 21 d cycle. Following this regimen, the patient achieved stable disease for > 17 mo. Magnetic resonance imaging at 1.5 year after surgery showed that the tumor had not progressed.

CONCLUSION
This is the first reported case of SFT of the central nervous system treated with surgery, radiotherapy and anlotinib. This regimen may be an effective treatment option for malignant intracranial SFT patients.
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Core Tip: Solitary fibrous tumor (SFT) of the central nervous system is rare. There is no established standardized treatment regimen for malignant intracranial SFTs. This is the first reported case of SFT in the central nervous system treated with surgery, radiotherapy and anlotinib. This treatment regimen might be an effective treatment option for malignant intracranial SFT patients.



INTRODUCTION
Solitary fibrous tumor (SFT) is a rare soft tissue tumor of mesenchymal cell origin. An SFT mainly develops in the pleural cavity, but it can arise in a variety of non-pleural soft tissue sites throughout the body. The incidence of SFT in the central nervous system (CNS) is very low and usually originates from the cranial meninges. The NGFI-A-binding protein (NAB2) and signal transducer and activator of transcription (STAT6) gene fusion was identified as a driver mutation of SFT. Based on SFT and hemangiopericytoma (HPC) containing identical genetic abnormalities, they were considered a new combined entity in the 2016 CNS classification[1]. This classification described three grades of SFT/HPC, grade I, grade II and grade III. The first case of intracranial SFT was described by Carneiro[2] in 1966. This tumor most commonly affects adults and is generally benign in the CNS[3]. Malignant SFT of the CNS is exceedingly rare.

No standardized treatment guideline is available for malignant intracranial SFTs. The main treatments are surgical resection and postoperative radiotherapy. Despite the combination of surgery and adjuvant radiotherapy, the control rates of malignant SFT have been disappointing. Targeted therapy for the treatment of the soft tissue tumors has been developed recently. Anlotinib (Chia-tai Tianqing Pharmaceutical Co., Ltd, China) is a newly multitargeted tyrosine kinase inhibitor with anti-neoplastic and anti-angiogenic activities. It inhibits tumor angiogenesis and proliferation. There are ongoing phase I/II/III clinical trials of anlotinib for different carcinomas and sarcomas in China and other countries. To our knowledge, there are no studies on anlotinib for the treatment of intracranial SFT. In this report, we present a girl with intracranial SFT who was effectively treated by surgery, radiotherapy and anlotinib. We discuss the histopathological features, next-generation sequencing results and anlotinib treatment of cancer, together with a brief review of the literature on SFT treatment by monotherapy.



CASE PRESENTATION
Chief complaints
A 9-year-old girl presented to our hospital emergency department with a 3-wk history of ineffective right limb movement.

Imaging examinations
The treatment timeline is shown in Figure 1A. A head computed tomography (CT) scan revealed a quasi-circular mass in the left frontal-parietal region with high-density and associated hemorrhage (Figure 1B). Brain magnetic resonance imaging (MRI) revealed low signals on T1 weighted imaging with high surrounding signals. High signals on T2 weighted imaging with low surrounding signals were observed, with marked enhancement on contrast measuring 4.8 cm × 5.0 cm × 4.5 cm in the left motor area of the frontal-parietal lobes (Figure 1B). The imaging characteristics were similar to meningioma. An unenhanced chest CT scan revealed no nodules in the chest.

Laboratory examinations
Laboratory tests including complete blood cell counts, bleeding time, activated partial thromboplastin time, prothrombin time, liver and renal function and blood glucose level were within normal ranges.

Physical examination
Her temperature was 36.6 C, resting respiratory rate was 16 breaths/min, heart rate was 90 bpm and blood pressure was 120/75 mmHg. Neurological examination showed that her Glasgow Coma Scale score was 15 (E4V5M6), and muscle strength was grade 2 in the right limbs. She did not have any other neurological deficits.

Personal and family history
She had no personal or family history of benign or malignant tumors. 

History of past illness
The patient had no history of prior illness.

History of present illness
The patient had ineffective right limb movement for 3 wk. She also had headaches, accompanied by nausea and vomiting and excess sleep. A head CT scan revealed a quasi-circular mass in the left frontal-parietal region with high-density and associated hemorrhage.

MULTIDISCIPLINARY EXPERT CONSULTATION
Examination of a frozen section of the biopsy revealed features of malignant tumor. Hematoxylin and eosin staining showed that a large number of spindle or oval cells were diffusely distributed, with deep staining of a null, “staghorn” vascular pattern, hypercellularity and increased mitotic activity were observed in the tumor (> 4 mitosis/10 high-power fields) (Figures 2A and B). Immunohistochemistry examination of the specimen showed positivity for CD99, Bcl-2, TP53, IDH1, TLE-1 and vimentin (Figures 2C-2H) and negativity for CD34, STAT6, CK, EMA, Olig2, PR, SSTR2, CD68, S-100 and GFAP (Figures 2J-2L). Ki-67 proliferation index staining was highly positive in 80% of tumor cells (Figure 2I). Based on the above findings, the pathological diagnosis of malignant SFT was confirmed. The patient’s parents sent the specimen to the Department of Neuropathology, Beijing Neurosurgical Institute to confirm the diagnosis. The pathological diagnosis concurred with that at our hospital. The primary surgical tissue was subjected to whole-exome sequencing by next-generation sequencing (Genetron Health Co., Ltd, Beijing, China). A global landscape of gene mutations was generated from the whole exome sequencing data (Figure 3). A total of 38 somatic gene mutations, including 36 missense mutations, 2 frameshift mutations and 1 gene amplification were detected. These gene alterations were divided into: genes related to chemotherapy and targeted drug-related genes. In targeted drug-related genes, fibroblast growth factor receptor (FGFR) 4 (c.1463G > A, p.Gly488Asp) and TP53 (c.751A > T, p.Ile251Phe) were detected (Table 1). However, this test did not reveal any gene fusion, especially NAB2-STAT6 gene fusion.

FINAL DIAGNOSIS
The patient was diagnosed with malignant SFT.

TREATMENT
The patient underwent left craniotomy under general anesthesia, and the mass was resected. After surgery, her motor examination showed improvement in the right limb, and she could walk unaided. Head MRI was performed 1 mo after surgery, and the results showed no residual tumor (Figure 1C). The patient was advised to undergo adjuvant radiotherapy due to high Ki-67, and MRI (1.5 mo after surgery) before radiotherapy planning showed a solid mass, suggesting a progressive tumor (Figure 1C). The patient was unable to walk by herself, and physical examination showed muscle strength was grade 3 in the right limbs. The patient received 60 Gy and 30 fractions of intensity modulated radiotherapy. Mannitol was administered to relieve her symptoms by reducing intracranial pressure. After 19 d of radiotherapy, the patient could walk unaided. Considering her pathological diagnosis, FGFR4 and TP53 mutation and progression of the disease, the oncologist at Beijing Cancer Hospital advised the patient to undergo anlotinib treatment. She received anlotinib 8 mg po qd for 1-14 d of a 21 d cycle at home 3 mo after surgery. During anlotinib treatment, the patient occasionally suffered from loss of appetite, and her laboratory results were within the normal range. MRI performed 5 mo after surgery showed that the tumor had not progressed (Figure 1C). The patient took anlotinib orally for 17 mo.

OUTCOME AND FOLLOW-UP
Follow-up MRI showed that the tumor had not progressed 1.5 years after surgery (Figure 1C). An unenhanced chest CT scan revealed no nodules in the chest.

DISCUSSION
We present the first known case of malignant intracranial SFT treated with surgery, adjuvant radiotherapy and anlotinib, leading to a good prognosis. SFT is a rare soft tissue tumor in the CNS. The first case of SFT in the CNS was described by Carneiro[2] in 1966. SFT most commonly affects adults and is generally benign. A few cases have been described in children. An MRI scan 1 mo after surgery showed that the tumor had been successfully resected in our case. However, 2 wk after the first MRI examination, the tumor rapidly progressed as shown by head MRI in this 9-year-old patient. The immunohistochemical features of intracranial SFT and HPC overlap. They share an inversion at 12q13 fused with NAB2 and STAT6 genes, and the combined term is “SFT/HPC”[1]. This classification described three grades of SFT/HPC, grade I-III. Grade I was previously diagnosed as SFT. Grade II was previously diagnosed as CNS HPC. Grade III was previously termed anaplastic HPC and malignant SFT. Our patient had grade III CNS SFT and had a poor prognosis. However, disease progression was controlled following her treatment regimen.

The nuclear expression of STAT6 on immunohistochemistry is very important in the pathological diagnosis of SFT[4,5]. Although NAB2-STAT6 fusion seems to be important in the diagnosis of SFT, its detection may be difficult unless high-throughput sequencing is performed to detect breakpoints. Most SFTs have shown NAB2-STAT6 fusion, and the remaining 11% of cases lacked an identifiable NAB2-STAT6 fusion[5]. Our case did not show NAB2-STAT6 fusion following high-throughput sequencing, and no nuclear STAT6 expression was observed on immunohistochemical analysis. Hematoxylin and eosin staining showed a high-grade component mimicking a spindle cell sarcoma, small-cell sarcoma and other entities that have no morphological resemblance to SFT. The dedifferentiation of SFT can induce the loss of STAT6 expression on immunohistochemistry[6-8]. We speculated that Ki-67 proliferation index was 80%, and the tumor was highly dedifferentiated, which suggest the reasons for negative STAT6 on immunohistochemistry. Although STAT6 is a sensitive marker in the diagnosis of SFT, other immunohistochemical indices, such as CD99, Bcl-2 and vimentin are also sensitive markers for the diagnosis of intracranial SFT[9-11]. Han et al[12] analyzed 53 cases using immunohistochemistry and found that CD99 was positive in 94.3% of cases and Bcl-2 was positive in 96.2% of cases. 

The differential diagnosis of SFT in the CNS includes meningioma. MRI initially showed that the mass was broadly attached to the dura matter in our patient. However, the dural tail sign, which is the most important characteristic of meningioma on MRI, was absent. Secondly, EMA and SSTR2 were negative in our case by immunohistochemistry, as opposed to meningioma in which EMA and SSTR2 are both positive[13]. Thirdly, meningioma is usually a benign tumor, and SFT tends to be aggressive. In our case, Ki-67 proliferation index was 80% and showed that the tumor was very malignant. These features can be used to differentiate SFT from meningioma. 

As our patient was young, a diagnosis of synovial sarcoma was considered. The diagnosis of synovial sarcoma depends on the cytogenetic change t (X; 18) (p11; q11), which is detected by fluorescence in situ hybridization assay[14]. In our case, fluorescence in situ hybridization assay showed that the t (X; 18) was negative. Thus, the diagnosis in our patient was not synovial sarcoma. Another differential diagnosis we considered was schwannoma. However, the tumor was located in the frontal-parietal lobe, not the area where the cranial nerves are located. Therefore, a schwannoma was ruled out.

A malignant SFT has been shown to be hypercellular, mitotically active (> 4 mitosis/10 high-power fields), with cytological atypia, tumor necrosis and /or infiltrative margins[15]. Although our case did not show NAB2-STAT6 fusion following high-throughput sequencing and STAT6 expression on immunohistochemistry, CT scanning, MRI imaging, morphologic examination, conventional immunohistochemistry (positive for CD99, Bcl-2 and vimentin), high Ki-67 proliferation index and the exclusion of other tumors resulted in the diagnosis of malignant SFT. 
SFT is frequently benign and if gross total resection is performed, it will not recur. HPC tends to be an aggressive tumor with the potential for local recurrence and metastases[16]. Although gross total resection offers a potential cure, improvement or preservation of motor function is crucial for patients. During surgery, we found that the tumor invaded the arachnoid, and gross total resection could cause the damage to the underlying cortex. Thus, gross total resection was not performed in our patient. Her muscle strength after surgery was better than that before surgery, and she could walk unaided. However, the disadvantage of this surgical method is that the tumor can recur. MRI (1.5 mo after surgery) showed a solid mass on the cut margin. SFT after subtotal resection has a high risk of local recurrence[17], and adjuvant radiation may be beneficial in some cases[18]. Rana et al[19] analyzed 155 intracranial SFT patients and found that adjuvant radiation did not prolong overall survival time compared with the surgery group. However, Bishop et al[20] found that the treatment of SFT with combined surgery and radiotherapy led to excellent local control. Therefore, the role of radiotherapy in SFT is still unclear. Due to the low number of patients, it is difficult to conduct high-quality clinical trials on this treatment regimen. 

The tumor location in our case was in the motor area, and gross total resection of the tumor while preserving neurological function was relatively difficult. Head MRI 1 mo after surgery showed that the tumor had been successfully resected. However, 2 wk after the first MRI examination, brain MRI revealed tumor recurrence. The patient was advised to undergo adjuvant radiotherapy due to a high Ki-67 index and rapid recurrence. The patient received 60 Gy and 30 fractions of intensity modulated radiotherapy. After 20 d of radiotherapy, her limb weakness improved. We speculated that there were three main reasons for rapid alleviation of the patient’s symptoms. The first is that the time for the tumor to press against the motor zone of the cortex was relatively short and did not cause necrosis of cortical cells. Radiotherapy induces tumor cell necrosis, and the functions of these cells are then restored. The second is that we administered mannitol to relieve symptoms by reducing intracranial pressure. The third is that the tumor was more sensitive to radiotherapy, and it was effectively controlled. Our patient showed that radiotherapy resulted in excellent local control of intracranial malignant SFT.

Activation of oncogenes is a key mechanism of tumorigenesis and generally arises from a genetic mutation or amplification. As the therapeutic value of the genetic mutation depends heavily on the clinical prognosis, proving their direct involvement in personal targeted therapy has become a task for doctors. However, the extent of genetic intratumoral heterogeneity in SFTs is largely unknown. In our study, next-generation sequencing analysis showed significant germline aberrations and somatic point mutations were identified in hotspot cancer-related genes in this patient, such as FGFR4 and TP53.

Anlotinib, a newly designed oral small-molecule receptor tyrosine kinase inhibitor, was developed independently by Chia-Tai Tianqing Pharmaceutical Co., Ltd. in China. This drug was approved by the China Food and Drug Administration for the treatment of non-small cell lung cancer, soft tissue sarcoma, metastatic renal cell carcinoma and medullary thyroid cancer[21]. Anlotinib inhibits tumor angiogenesis and proliferation, targeting vascular endothelial growth factor, FGFR, platelet-derived growth factor α/β and c-Kit[21]. Several prospective studies suggest the potential efficacy of antiangiogenic treatments in SFT[22-27] (Table 2). Our patient received anlotinib 8 mg po qd for 1-14 d of a 21 d cycle after adjuvant radiotherapy for 17 mo. The follow-up MRI showed that the tumor had not progressed. 

Oncogene alterations are present in all FGFR family members in human cancers. FGFR is a receptor tyrosine kinase consisting of an intracellular tyrosine-kinase domain and an extracellular ligand-binding domain. FGFR 1-3 often occur in amplifications or fusions in some cancers. However, FGFR 4 is infrequently mutated in cancers[28]. FGFR 4 mutations are present in 6% of melanomas[29]. One recent report found that 7% of cancers had FGFR aberrations, and FGFR 4 mutation was found in 0.5% of 4853 tumors[30]. Y367C mutation of the FGFR 4 gene in the breast cancer cell line MDA-MB453 promoted tumor growth[31]. Futami et al[32] identified FGFR 4 mutation in one of 83 gastric tumor specimens, and cells expressing this mutation showed a malignant phenotype. Multi-targeted tyrosine kinase inhibitors can be used to inactivate FGFR 4 by disrupting ATP binding in its tyrosine kinase domains[33]. Potential mechanisms of FGFR 4 activation include FGFR 4 overexpression and somatic mutations[34]. Therefore, we speculated that FGFR 4 mutation was likely to be the “driver” mutation and resulted in increased FGFR signaling in this patient. FGFR 4 mutation might be a key anticancer target for anlotinib in the treatment of malignant intracranial SFT.

TP53 is a tumor suppressor gene and plays a crucial role in malignant tumor progression. There is mounting basic and clinical evidence to show that tumors with TP53 gene mutations have a better response to antiangiogenic drugs than TP53 wild-type tumors[35]. Recent research found that anlotinib induced apoptosis in TP53 D259Y and R248G mutants, which were able to induce apoptosis through their transcription-independent function[36]. Fang et al[37] identified three cases with TP53 mutations (p.S183X on exon 5, p.S241F on exon 7, p.R175H on exon 5, K320fs on exon 9) that might represent biomarkers for predicting the effects of anlotinib in non-small cell lung cancer. Wu et al[38] reported a patient with pulmonary artery sarcoma harboring a TP53 mutation (p.R110P in exon 4) who had a favorable response to anlotinib. Kurisaki-Arakawa et al[39] found dedifferentiated SFTs in the pelvis with a TP53 mutation (p.A158H in exon 5). Morimitsu et al[40] found the TP53 mutation p.A116T in 1 of 17 cases with solitary extrapleural fibrous tumors. These findings suggest that various mutations of TP53 in SFTs are common, and tumors with TP53 mutations are more likely to respond to anlotinib. Based on the next-generation sequencing analysis, we speculated that TP53 mutation also plays a very important role in malignant SFT of the CNS treated with anlotinib monotherapy.



CONCLUSION
There is currently no standard treatment regimen for malignant SFT of the CNS. There is no effective targeted drug that can improve the prognosis of malignant intracranial SFT. This is the first report in the world of a patient with malignant intracranial SFT treated with surgery, radiotherapy and anlotinib monotherapy. Based on preliminary data, we speculated that FGFR 4 and TP53 mutations might be beneficial in the treatment of malignant intracranial SFT with anlotinib. Basic research and larger, randomized controlled trial are needed to confirm the results of the present study.
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Figure Legends
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Figure 1 Treatment timeline and radiography. A: The treatment timeline; B: A head computed tomography scan revealed a quasi-circular mass in the left frontal-parietal region with high-density and associated hemorrhage. Brain magnetic resonance imaging (MRI) revealed low signals on T1 weighted imaging with high surrounding signals. High signals on T2 weighted imaging with low surrounding signals were observed, with marked enhancement on contrast measuring 4.8 cm × 5.0 cm × 4.5 cm in the left motor area of the frontal-parietal lobes (axial, sagittal and coronal views); C: Gadolinium-enhanced MRI imaging in axial, sagittal and coronal views 1 mo after surgery. MRI imaging showed no residual tumor; 1.5 mo after surgery, MRI imaging showed a solid mass. Five months and 1.5 year after surgery, MRI imaging showed that the tumor had not progressed. MRI + C: Gadolinium-enhanced magnetic resonance imaging.
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Figure 2 Hematoxylin and eosin staining and immunohistochemistry examination of the specimen. A: Hematoxylin and eosin staining showed that a large number of spindle or oval cells were diffusely distributed, with deep staining of a null, “staghorn” vascular pattern, hypercellularity and increased mitotic activity were observed in the tumor (> 4 mitosis/10 high-power fields). Hematoxylin and eosin, 100 ×; B: Hematoxylin and eosin staining, 400 ×; C: Positive for CD99, 200 ×; D: Positive for Bcl-2, 200 ×; E: Positive for TP53, 200 ×; F: Positive for IDH1, 200 ×; G: Positive for TLE-1, 200 ×; H: Positive for vimentin, 200 ×; I: High Ki-67 proliferation index: 80%, 200 ×; J: Negative for CD34, 200 ×; K: Negative for STAT6, 200 ×; L: Negative for S100, 200 ×.
[image: ]

Figure 3 Circos 2D track plot of somatic variant across chromosomes in solitary fibrous tumor. In the inner ring, black denotes missense mutation, blue denotes frameshift mutation, and red denotes gene amplification.

Table 1 Mutations of the specimen
	Gene
	Type
	Nucleotide
	Protein
	Frequency, %
	Chromosome
	Exon

	ANGPT2
	Missense
	c.52G > A
	p.Ala18Thr
	29.6
	8
	1/9

	CD276
	Missense
	c.91G > T
	p.Val31Phe
	59.4
	15
	3/10

	CHD2
	Missense
	c.1972T > G 
	p.Ser658 Ala
	59.2
	15
	16/39

	CHEK1
	Missense
	c.497A > T 
	p.Lys166Met 
	32.4
	11
	6/13

	DICER1
	Missense
	c.3923A > G 
	p.Asp1308Gly 
	37.3
	14
	21/27

	DICER1
	Missense
	c.5439G > T 
	p.Glu1813Asp
	32.4
	14
	25/27

	DICER1
	frameshift
	c.2031dup 
	p.Ser678L eufsTer14
	55.6
	14
	12/27

	F8
	missense
	c.3347T > A 
	p.Phe1116Tyr
	36.4
	X
	14/26

	FAM46C
	missense
	c.476A >G 
	p.Asn159Ser
	56.4
	1
	2/2

	FAT4
	missense
	c.7269A > C 
	p.Leu2423Phe
	70.3
	4
	8/17

	FAT4
	missense
	c.12512G >A
	p.Cys4171Tyr
	21.5
	4
	14/17

	FGFR4
	missense
	c.1463G > A 
	p.Gly488Asp
	55.6
	5
	10/16

	GID4
	missense
	c.785T > G 
	p.Phe262Cys
	92.9
	17
	5/6

	GNAS
	missense
	c.981G > T
	p.Glu327Asp
	22.3
	20
	12/13

	HDAC9
	missense
	c.2704G > C
	p.Ala902Pro
	58.7
	7
	21/25

	IGF2R
	missense
	c.2842A > T 
	p.Asn948
	32.2
	6
	21/48

	KLF5
	missense
	c.757A > C
	p.Asn253His
	41.3
	13
	2/4

	MED12
	missense
	c.4809A > T
	p.Gln1603His
	36.5
	X
	35/45

	MSH3
	missense
	c.2404G > T
	p.Asp802Tyr
	19.7
	5
	17/24

	NF1
	frameshift
	c.3053_306 7delinsCAGT
	p.Leu1018 SerfsTer7
	89.3
	17
	23/58

	NOTCH2
	missense
	c.5854G > C 
	p.Ala1952Pro
	35.8
	1
	32/34

	PALLD
	missense
	c.207T > G
	p.Ser69Arg
	70.5
	4
	2/21

	PDK1
	missense
	c.374A > T
	p.Lys125Met
	97.2
	2
	3/12

	POLE
	missense
	c.3218G > A
	p.Gly1073Glu
	56.4
	12
	26/49

	PRKDC
	missense
	c.1413A > T
	p.Lys471Asn
	66.1
	8
	13/86

	RARG
	missense
	c.744G > T
	p.Leu248Phe
	24.7
	12
	7/10

	RICTOR
	missense
	c.3786A > T
	p.Lys1262Asn
	36.3
	5
	31/38

	ROBO1
	missense
	c.3240G > T
	p.Gln1080His
	28.2
	3
	23/31

	ROBO1
	missense
	c.3736G > T
	p.Ala1246Ser
	31.8
	3
	26/31

	SETD2
	missense
	c.4407G > C
	p.Met1469Ile
	28.3
	3
	3/21

	SLC34A2
	missense
	c.225G > C
	p.Gln75His
	22.8
	4
	3/13

	SLIT2
	missense
	c.2425A > T
	p.Ser809Cys
	66.1
	4
	24/37

	SMARCA2
	missense
	c.394G > A
	p.Glu132Lys
	22.9
	9
	4/34

	STAT4
	missense
	c.1450A > T
	p.Asn484Tyr
	98.4
	2
	17/24

	TMEM127
	missense
	c.380G > T
	p.Arg127Leu
	36.5
	2
	3/4

	TP53
	missense
	c.751A > T
	p.Ile251Phe
	90.3
	17
	7/11

	TRPS1
	missense
	c.2206A > G
	p.Thr736Ala
	31.4
	8
	5/7

	UPF1
	missense
	c.1880A > T
	p.Lys627Met
	45.1
	19
	14/24




Table 2 Retrospective analyses of intracranial SFT treated with monotherapy
	First author
	Yr
	Number of participants
	CNS
	Drug
	RECIST
	
	Choi
	
	Median PFS in mo

	
	
	
	
	
	PR
	SD
	
	PR
	SD
	
	RECIST
	Choi

	Park et al[22]
	2011
	14
	6
	Temozolomide + bevacizumab
	2
	12
	
	11
	2
	
	10.8
	9.67

	Stacchiotti et al[23]
	2012
	35
	6
	Sunitinib 
	2
	17
	
	14
	5
	
	6
	7

	Valentin et al[24]
	2013
	5
	1
	Sorafenib
	NA
	2
	
	NA
	NA
	
	NA
	NA

	Maruzzo et al[25]
	2015
	13
	NA
	Pazopanib
	1
	8
	
	5
	4
	
	4.7
	NA

	Ebata et al[26]
	2018
	9
	2
	Pazopanib
	0
	8
	
	4
	2
	
	6.2
	NA

	Martin-Broto et al[27]
	2019
	36
	5
	Pazopanib
	2
	21
	
	18
	9
	
	5.57
	5.57


RECIST: Response Evaluation Criteria in Solid Tumors; Choi: Choi response criteria; PR: Partial response; SD: Stable disease; PFS: Progression-free survival; NA: Not available.
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