
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2022 January 14; 10(2): 397-752

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I January 14, 2022 Volume 10 Issue 2

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 10 Number 2 January 14, 2022

EDITORIAL

New trends in treatment of muscle fatigue throughout rehabilitation of elderlies with motor neuron 
diseases

397

Mohamed A

MINIREVIEWS

What emotion dimensions can affect working memory performance in healthy adults? A review401

Hou TY, Cai WP

Quadrilateral plate fractures of the acetabulum: Classification, approach, implant therapy and related 
research progress

412

Zhou XF, Gu SC, Zhu WB, Yang JZ, Xu L, Fang SY

ORIGINAL ARTICLE

Case Control Study

Methylprednisolone accelerate chest computed tomography absorption in COVID-19: A three-centered 
retrospective case control study from China

426

Lin L, Xue D, Chen JH, Wei QY, Huang ZH

Retrospective Study

Analysis of photostimulable phosphor image plate artifacts and their prevalence437

Elkhateeb SM, Aloyouny AY, Omer MMS, Mansour SM

N6-methyladenine-modified DNA was decreased in Alzheimer’s disease patients448

Lv S, Zhou X, Li YM, Yang T, Zhang SJ, Wang Y, Jia SH, Peng DT

Inflammation-related indicators to distinguish between gastric stromal tumors and leiomyomas: A 
retrospective study

458

Zhai YH, Zheng Z, Deng W, Yin J, Bai ZG, Liu XY, Zhang J, Zhang ZT

Relationship between Ki-67 and CD44 expression and microvascular formation in gastric stromal tumor 
tissues

469

Ma B, Huang XT, Zou GJ, Hou WY, Du XH

Modified surgical method of supra- and infratentorial epidural hematoma and the related anatomical 
study of the squamous part of the occipital bone

477

Li RC, Guo SW, Liang C

Combined molybdenum target X-ray and magnetic resonance imaging examinations improve breast 
cancer diagnostic efficacy

485

Gu WQ, Cai SM, Liu WD, Zhang Q, Shi Y, Du LJ



WJCC https://www.wjgnet.com II January 14, 2022 Volume 10 Issue 2

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 2 January 14, 2022

Value of thyroglobulin combined with ultrasound-guided fine-needle aspiration cytology for diagnosis of 
lymph node metastasis of thyroid carcinoma

492

Zhang LY, Chen Y, Ao YZ

Locking compression plate + T-type steel plate for postoperative weight bearing and functional recovery in 
complex tibial plateau fractures

502

Li HF, Yu T, Zhu XF, Wang H, Zhang YQ

Effect of Mirena placement on reproductive hormone levels at different time intervals after artificial 
abortion

511

Jin XX, Sun L, Lai XL, Li J, Liang ML, Ma X

Diagnostic value of artificial intelligence automatic detection systems for breast BI-RADS 4 nodules518

Lyu SY, Zhang Y, Zhang MW, Zhang BS, Gao LB, Bai LT, Wang J

Clinical Trials Study

Analysis of 20 patients with laparoscopic extended right colectomy528

Zheng HD, Xu JH, Liu YR, Sun YF

Observational Study

Knowledge, attitude, practice and factors that influence the awareness of college students with regards to 
breast cancer 

538

Zhang QN, Lu HX

Diagnosing early scar pregnancy in the lower uterine segment after cesarean section by intracavitary 
ultrasound

547

Cheng XL, Cao XY, Wang XQ, Lin HL, Fang JC, Wang L

Impact of failure mode and effects analysis-based emergency management on the effectiveness of 
craniocerebral injury treatment

554

Shao XL, Wang YZ, Chen XH, Ding WJ

Predictive value of alarm symptoms in Rome IV irritable bowel syndrome: A multicenter cross-sectional 
study

563

Yang Q, Wei ZC, Liu N, Pan YL, Jiang XS, Tantai XX, Yang Q, Yang J, Wang JJ, Shang L, Lin Q, Xiao CL, Wang JH

Prospective Study

5-min mindfulness audio induction alleviates psychological distress and sleep disorders in patients with 
COVID-19

576

Li J, Zhang YY, Cong XY, Ren SR, Tu XM, Wu JF

META-ANALYSIS

Efficacy and safety of argatroban in treatment of acute ischemic stroke: A meta-analysis585

Lv B, Guo FF, Lin JC, Jing F



WJCC https://www.wjgnet.com III January 14, 2022 Volume 10 Issue 2

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 2 January 14, 2022

SCIENTOMETRICS

Biologic therapy for Crohn’s disease over the last 3 decades594

Shen JL, Zhou Z, Cao JS, Zhang B, Hu JH, Li JY, Liu XM, Juengpanich S, Li MS, Feng X

CASE REPORT

Novel compound heterozygous GPR56 gene mutation in a twin with lissencephaly: A case report607

Lin WX, Chai YY, Huang TT, Zhang X, Zheng G, Zhang G, Peng F, Huang YJ

Patients with SERPINC1 rs2227589 polymorphism found to have multiple cerebral venous sinus 
thromboses despite a normal antithrombin level: A case report

618

Liao F, Zeng JL, Pan JG, Ma J, Zhang ZJ, Lin ZJ, Lin LF, Chen YS, Ma XT

Successful management of delirium with dexmedetomidine in a patient with haloperidol-induced 
neuroleptic malignant syndrome: A case report

625

Yang CJ, Chiu CT, Yeh YC, Chao A

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

631

Zhang DY, Su L, Wang YW

Anesthesia and perioperative management for giant adrenal Ewing’s sarcoma with inferior vena cava and 
right atrium tumor thrombus: A case report

643

Wang JL, Xu CY, Geng CJ, Liu L, Zhang MZ, Wang H, Xiao RT, Liu L, Zhang G, Ni C, Guo XY

Full-endoscopic spine surgery treatment of lumbar foraminal stenosis after osteoporotic vertebral 
compression fractures: A case report

656

Zhao QL, Hou KP, Wu ZX, Xiao L, Xu HG

Ethambutol-induced optic neuropathy with rare bilateral asymmetry onset: A case report663

Sheng WY, Wu SQ, Su LY, Zhu LW

Vitrectomy with residual internal limiting membrane covering and autologous blood for a secondary 
macular hole: A case report

671

Ying HF, Wu SQ, Hu WP, Ni LY, Zhang ZL, Xu YG

Intervertebral bridging ossification after kyphoplasty in a Parkinson’s patient with Kummell’s disease: A 
case report

677

Li J, Liu Y, Peng L, Liu J, Cao ZD, He M

Synovial chondromatosis of the hip joint in a 6 year-old child: A case report685

Yi RB, Gong HL, Arthur DT, Wen J, Xiao S, Tang ZW, Xiang F, Wang KJ, Song ZQ

Orthodontic retreatment of an adult woman with mandibular backward positioning and 
temporomandibular joint disorder: A case report

691

Yu LY, Xia K, Sun WT, Huang XQ, Chi JY, Wang LJ, Zhao ZH, Liu J



WJCC https://www.wjgnet.com IX January 14, 2022 Volume 10 Issue 2

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 2 January 14, 2022

Autosomal recessive spinocerebellar ataxia type 4 with a VPS13D mutation: A case report703

Huang X, Fan DS

Primary adrenal diffuse large B-cell lymphoma with normal adrenal cortex function: A case report709

Fan ZN, Shi HJ, Xiong BB, Zhang JS, Wang HF, Wang JS

Varicella-zoster virus-associated meningitis, encephalitis, and myelitis with sporadic skin blisters: A case 
report

717

Takami K, Kenzaka T, Kumabe A, Fukuzawa M, Eto Y, Nakata S, Shinohara K, Endo K

Tension pneumocephalus following endoscopic resection of a mediastinal thoracic spinal tumor: A case 
report

725

Chang CY, Hung CC, Liu JM, Chiu CD

Accelerated Infliximab Induction for Severe Lower Gastrointestinal Bleeding in a Young Patient with 
Crohn’s Disease: A Case Report

733

Zeng J, Shen F, Fan JG, Ge WS

Occupational fibrotic hypersensitivity pneumonia in a halogen dishes manufacturer: A case report741

Wang M, Fang HH, Jiang ZF, Ye W, Liu RY

Using a fretsaw in treating chronic penial incarceration: A case report747

Zhao Y, Xue XQ, Huang HF, Xie Y, Ji ZG, Fan XR



WJCC https://www.wjgnet.com X January 14, 2022 Volume 10 Issue 2

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 10 Number 2 January 14, 2022

ABOUT COVER

Associate Editor of World Journal of Clinical Cases, Bruno Ramos Chrcanovic, DDS, MSc, PhD, Associate Professor, 
Department of Prosthodontics, Malmö University, Malmö 241 21, Sweden. bruno.chrcanovic@mau.se

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Jia-Hui Li; Production Department Director: Xu Guo; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Bao-Gan Peng, Jerzy Tadeusz Chudek, George Kontogeorgos, Maurizio Serati, Ja 
Hyeon Ku

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

January 14, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 631 January 14, 2022 Volume 10 Issue 2

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2022 January 14; 10(2): 631-642

DOI: 10.12998/wjcc.v10.i2.631 ISSN 2307-8960 (online)

CASE REPORT

Malignant solitary fibrous tumor in the central nervous system 
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Abstract
BACKGROUND 
Solitary fibrous tumor (SFT) of the central nervous system is rare. It is predom-
inantly 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 prolif-
eration 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. Foll-
owing 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.

Key Words: Anlotinib; Biological therapy; Mutation; Recurrence; Sequence analysis; Case 
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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, radi-
otherapy and anlotinib. This treatment regimen might be an effective treatment option 
for malignant intracranial SFT patients.

Citation: Zhang DY, Su L, Wang YW. Malignant solitary fibrous tumor in the central nervous 
system treated with surgery, radiotherapy and anlotinib: A case report. World J Clin Cases 
2022; 10(2): 631-642
URL: https://www.wjgnet.com/2307-8960/full/v10/i2/631.htm
DOI: https://dx.doi.org/10.12998/wjcc.v10.i2.631

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 

https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
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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.

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.



Zhang DY et al. Malignant intracranial solitary fibrous tumor

WJCC https://www.wjgnet.com 634 January 14, 2022 Volume 10 Issue 2

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 ℃, 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 
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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

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 
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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 ×.

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.
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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.

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 prog-
ression 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 immuno-
histochemical 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, 
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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 immuno-
histochemistry, 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 infilt-
rative 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 immunohisto-
chemistry (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 
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Table 2 Retrospective analyses of intracranial SFT treated with monotherapy

RECIST Choi Median PFS in mo
Ref. Yr Number of 

participants CNS Drug
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.

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 amplific-
ations 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.
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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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