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/Abstract )

Introduction: Central Nervous System (CNS) Solitary Fibrous Tumor (SFT) / Hemangiopericytoma (HPC) is a fibroblastic
mesenchymal tumor of the meninges that accounts for < 1% of intracranial tumours. The natural history of CNS SFT /
HPC is characterized by a high rate of local (60%) and distant (20%) failure following gross total resection (GTR), and
treatment options are limited. The identification of new genomic markers could be of interest to improve the understanding and
management of CNS SFT / HPC. We present the results of a search for molecular alterations by next-generation sequencing
(NGS) in a patient diagnosed with CNS SFT / HPC who experienced rapid distant failure.

Case Description: A 64-year-old Caucasian man was diagnosed with a right hemisphere extra-axial frontal tumor after being
referred for persistent headaches in October 2017. The patient underwent surgical resection followed by adjuvant radiation
therapy of the operative cavity. A diagnosis of grade III HPC of the CNS was established. A diffuse metastatic recurrence with
multiple bone lesions occurred rapidly after the initiation of radiation therapy. In July 2018, a CT-guided biopsy of the left iliac
crest confirmed a highly proliferative metastatic recurrence and a FoundationOne CDx™ test was performed, which showed a
somatic mutation of the tumor suppressor gene TP53 (Tumor Protein p53) (R175H). The microsatellite status was stable and
the Tumor Mutational Burden (TMB) was low (1 Muts/Mb). A massive disease evolution of the disease occurred in September
2018. The patient died in November 2018 after neurological decline.

Conclusion: This case report shows that an anatomopathological examination alone is insufficient to correctly classify these
rare tumors and predict their aggressiveness. In this case report, the somatic mutation of TP53 (R175H) was associated with a
very poor prognosis (survival of 13 months). Further studies including systematic NGS of CNS SFT / HPC are warranted to
investigate the role of TP53 in prognostic assessment to adapt future treatment strategies.
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Abbreviations

a-IFN: a-interferon; CAV: Cyclophosphamide, doxorubicin,
vincristine; CNS: Central nervous system; CT-scan: Computed
tomography scan; FFPE: Formalin-fixed paraffin embedded; GTR:
Gross total resection; HPC: Hemangiopericytoma; ICE: Isofamide,
cisplatin, etoposide; IHC: Immunohistochemistry; MRI: Magnetic
resonance imaging; NAB2-STAT6 NGFIA-A: binding protein
2 - Signal transduction and activator of transcription 5; NCDB:
National cancer database; NGS: Next-Generation Sequencing;
ORR: Overall response rate; OS: Overall survival, SFT:
Solitary fibrosis tumor; SRS: Stereotactic radio-surgery; SRT:
Stereotactic radiation therapy; STR: Subtotal resection; T1-WI:
T1-weighted imaging; T2-WI: T2-weighted imaging; WHO:
World health organization

Introduction

Solitary Fibrous Tumor (SFT) was initially described as a
locally invasive mesothelial tumor of the pleura representing <5%
of all pleural neoplasms [1-3]. SFT is now defined as an indolent
fibroblastic mesenchymal tumor [4] that rarely recurs after surgical
resection [5-7]. In 1996 [8], Carneiro et al. reported a different
form of extra-pleural SFT arising from the Central Nervous
System (CNS), which was given the name “Hemangiopericytoma”
(HPC). HPC is a high-grade fibroblastic mesenchymal tumor that
originates from smooth muscle perivascular cells surrounding
the intra-parenchymal microvasculature [9] and accounts for <
1% of all intracranial tumours [10-12]. Despite their apparently
contrasted biological behaviour, SFT and HPC share overlapping
histopathological features [7] common to spindle cells tumors
[13-15]. SFT and HPC also share a specific cytogenetic signature
associated with soft tissue SFTs: the NAB2-STAT6 (NGFIA-A
binding protein 2 - Signal transduction and activator of transcription

5) fusion oncogene [16-18]. Given these similarities, the 2016
WHO classification of tumors of the CNS introduced a new tumor
group named “Solitary Fibrous Tumor / Hemangiopericytoma”
(SFT/HPC) [19]. The new classification was subdivided into three
histological grades: grade I is highly collagenous with spindle cells;
grade II (HPC) harbours plump cells and a “Staghorn” vascular
pattern; grade III is defined on mitotic count (= 5 mitoses per 10
high-power fields) [19] However, higher-grade CNS SFT / HPCs
are associated with a poor prognosis due to frequent recurrence
and limited treatment options. The identification of predictive
molecular markers in this group of patients could substantially
improve their management. This report presents the case of a patient
diagnosed with a grade III CNS SFT / HPC and the results of the
Next-Generation Sequencing (NGS) assay that was performed at
the time of relapse.

Case Report

A 64 years-old Caucasian man without personal or familial
history of cancer consulted in October 2017 for a 1-month episode
of headaches. A brain MRI revealed a right hemisphere extra-axial
dura-based tumor of the frontal lobe. The tumor was isointense
on T1-Weighted Imaging (T1-WI) and T2-Weighted Imaging (T2-
WI), surrounded by vasogenic oedema on T2 FLAIR imaging
and strongly enhanced after gadolinium injection. Brain imagery
was compatible with a meningioma. The tumor was resected in
November 2017 and a histopathological examination concluded
to grade-III “HPC of the CNS”. Post-operative MRI showed a
residual contrast-enhancement of the operative cavity, which
suggested Subtotal Resection (STR). The patient underwent a
second brain surgical intervention in April 2018 to achieve Gross
Total Resection (GTR), which confirmed residual grade-III HPC
with a high mitotic count (23 mitoses per 10 hpf) and intra-tumoral
necrosis. In May 2018, adjuvant Stereotactic Radiation Therapy
(SRT) of the operative cavity (60 Gy, 30 fractions of 2 Gy) was
administered. In June 2018, the patient experienced a distant
failure with multiple osteolytic bone lesions (Figure 1, Figure 2).
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Figure 1: June 2018 CT-scan in axial section showing multiple
metastatic recurrences. la. Massive tumoral infiltration of the left
ilio-psoas and minimus gluteal muscle with bilateral osteolytic crest
iliac lesions. 1b. Left T5 epiduritis and stenosis of the medullary
canal. lc. Left L4 epiduritis and stenosis of the medullary canal.

Figure 2: June 2018 MRI in sagittal section confirming epiduritis
caused by metastatic recurrences. 2a. MRI with gadolinium
injection showing a hypersignal tl in TS, revealing a stenosis of
the medullary canal. 2b. MRI with gadolinium injection showing a
hypersignal t1 in L4, revealing a stenosis of the medullary canal.
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A whole-spine MRI showed a metastatic infiltration of T6 and
a left-handstenosis of the spinal canal with spinal cord ischemia
(Figure 2a, Figure 2b). Decompressive radiation therapies were
performed. A CT-guided biopsy of the left-hand iliac crest lesion
was carried out in July 2018. The metastasis was highly cellular
with short fusiform cells surrounded by a “Hemangiopericytoma-
like” vasculature, a Ki-67 of 40% and a lower mitotic count (4
per 10 hpf). Immunohistochemistry (IHC) staining showed a loss
of CD34 expression (Figure A), a heterogeneous expression of
p53 (Figure C) and strongly positive STAT6 and p16 expressions
(Figure B, Figure D). An NGS assay (FoundationOne CDx™ test)
tested a panel of mutations in more than 300 cancer-related genes.
A mutation of TP53 (R175H) was detected in the tumor DNA, the
microsatellite status (MS) was stable and the Tumor Mutational
Burden (TMB) was low (1 Muts/Mb). In September 2018, the
patient presented with a left hemiplegia and left upper limb
paraesthesia. The CT-scan showed diffuse metastatic progression
(Figure 3) with liver metastases (Figure 3b, Figure 3c), bilateral
lung metastases (Figure 3d, Figure 3e) and bone lesions increased
in size and number. Palliative chemotherapy with dose-dense
Paclitaxel (80 mg/m?) and Gemcitabine (800 mg/m?) was started in
October 2018 but discontinued after 2 infusions because of rapid
neurological decline. The patient died in November 2018.

Figure B: Strong p16 cytoplasmic staining (x20).

Figure 3: September 2018 CT-scan in axial section revealing global
progression with new osteolytic and visceral lesions. 3a. Massive
osteolytic tissue lesion infiltrating vertebral body of C4, with global left
vertebral artery entrapment. 3b, ¢. CT-scan in the portal phase revealing
multiple hepatic lesions and tumoral hepatomegaly.

3d, e. Bilateral lung metastasis.
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Discussion

CNS SFT / HPC is more aggressive than other SFTs and
has a tendency to recur and to metastasize to distant sites with a
60% local recurrence rate after GTR and extra-cranial metastases
in 20% of cases [5,20]. The median time to the development of
extra-cranial metastases was 7.5 years in the HPC case series
(n=38) published by Ecker et al. [21,22]. A cohort of HPCs (n =
39) published by Schiariti et al. reported a mean overall survival
(OS) of 18 years [23]. In this case report, both the time to distant
failure (6 months) and OS (13 months) were much shorter than
expected.

The management of CNS SFT / HPC is complex and there
are currently no therapeutic guidelines. When the disease is
localized, the standard care is GTR [20]. Single-institution studies
reported an independent role for adjuvant radiation therapy in
improving local control, disease-free survival, and OS [20,23-
25]. According to the largest cohort of patients with HPC (n=981)
treated either with surgery and radiation therapy (47,8%) or
surgery alone (37,2%), adjuvant or primary radiation therapy was
not associated with improved OS [12]. Stereotactic radio-surgery
(SRS) can relieve patients from disabling neurological symptoms
by improving local control [26-28]. For patients with recurrent
HPC, Chamberlain et al. assessed the sequential administration
of anthracyclin-based chemotherapies. Patients (n=6) treated
with CAV (Cyclophosphamide, Doxorubicin, Vincristine) had an
improved median response duration from onset (4 months) which
doubled (8 months) among patients (n=9) additionally treated with
a-IFN (a-interferon). Patients (n=5) that received ICE (Ifosfamide,
Cisplatin, Etoposide) progressed within 1 or 2 months. The median
OS of patients treated with CAV, o-IFN and ICE was significantly
longer (20 months) than patients among (n = 6) treated with
CAV alone (9.5 months) [29]. Anti-angiogenic therapies show
promising extra-cranial response in recurrent CNS SFT / HPC
[30,31]. In a retrospective cohort of patients (n=14) with recurrent
CNS SFT / HPC treated with Temozolomide (150 mg/m?) and
Bevacizumab (5 mg/kg), the Overall Response Rate (ORR) and
the median OS rose to 79% and 24.3 months respectively [32].
More recently, Apra et al. reported good radiological response to
Pazopanib among patients (n=2) with recurrent CNS SFT / HPC
with respective decreases of 84% and 43% after 3 months at doses
of 800 and 600 mg [33].

Regarding tumor profile, pathological patterns in high-grade
sarcoma, such as high mitotic rates and necrosis, were found at
the time of relapse. These are independent patterns predictive of
aggressiveness in CNS SFT/HPC [21,34]. It is noteworthy that the
metastatic lesion did not correspond to grade-III CNS SFT / HPC
according to the 2016 WHO classification (4 mitoses per 10 hpf).
In addition, the Ki-67 index was higher (40%) than the reported
median range in HPC (4%) [6]. These atypical histopathological

features could reflect an evolution similar to dedifferentiated extra-
CNS SFTs described by Mosquera and Fletcher in 2009, with an
abrupt transition from a well-differentiated SFT into a high-grade
tumor with anaplastic areas [35-38]. The loss of CD34 expression at
recurrence has also been described in dedifferentiated SFT [39] and
in higher-grade tumors [4,40,41]. Even if the WHO grade remains
the main prognostic factor in CNS SFT / HPC, histopathology
alone is not sufficient to consistently classify tumors and predict
their evolution. At molecular level, the NAB2-STAT6 fusion
oncogene is a specific cytogenetic signature associated with soft
tissue SFT [16-18].

The presence of a NAB2-STAT6 fusion oncogene in the
tumor confirms the diagnosis of CNS SFT / HPC, and differentiates
it from other intracranial bone or soft tissue tumors. The NAB2-
STAT6 fusion protein acts as a nuclear transcriptional regulator of
STAT6-dependent genes involved in cancer cell proliferation [16].
The downstream aberrant accumulation of STAT6 in tumor cell
nuclei makes it detectable by IHC, which is a surrogate marker of
NAB2-STAT6 fusion [13,19,42]. In addition to the diagnostic value
of NAB2-STAT6, Barthelmel3 et al. reported two NAB2-STAT6
fusion subtypes associated with contrasting clinical characteristics
[43]. The NAB2ex6-STAT6ex16/17 fusion variant was found in
indolent SFT whereas the NAB2ex4-STAT6ex2/3 fusion gene was
predominantly detected in aggressive phenotypes closer to HPC
[43]Inthis case report, the FoundationOne CDx™ test performed on
the bone metastasis showed a mutation of TP53. TP53 (13.1p17q)
is a tumor suppressor gene coding for p53, a protein involved in
the regulation of cell proliferation, differentiation and apoptosis.
A loss of heterozygosity in TP53 is an oncogenic driver in many
cancer types. In primary tumors of the CNS, the overexpression of
p53 detected by IHC nuclear staining is a good surrogate marker
for TP53 mutations [44]. For CNS SFT / HPC, the series reported
by Oghaki et al. included patients with various types of neoplasms
of the CNS among which seven were HPC [45]. A miscoding point
mutation of TP53 was detected in one 49 year-old man out of seven
cases of HPC (14%) (codon 238; TGI-TIT, Cys-Phe).

The mutation affected a highly preserved region (exon 7) of
TP53 corresponding to the central part of pS3 that determines the
conformation of the protein. Because of the low incidence of TP53
mutations observed in HPC, the authors concluded that TP53 may
not play a crucial role in the development of HPC. In 1995, Wang
et al. published a series of 30 patients with meningeal tumors that
included 3 cases of HPC (a 63-year-old woman, a 40-year-old
woman and a 49-year-old man) [46]. Intermediate IHC p53nuclear
staining was performed (++, 5-10%) but a PCR of exons 5 to 8 did
not detect TP53 mutations. In 2002, Verheijen et al published a
case series of meningeal tumors (n=17) [47]. One patient had HPC
with 2 single nucleotide polymorphisms on exon 4 (codon 36 and
72) of TP53%. The molecular and IHC features were not correlated
to the evolution of the disease in these series.
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Conclusion

To conclude, the morphological spectrum of CNS SFT
/ HPC is broad, and there is still controversy about whether
SFT and HPC are distinct entities at opposite ends of the same
disease spectrum or different pathologies that share overlapping
features. The diagnosis of CNS SFT / HPC has been simplified
by the detection of a specific NAB2-STAT6 cytogenetic signature.
However, STAT6 nuclear staining is not predictive, and the genetic
screening of fusion gene variants such as NAB2ex4-STAT6ex2/3
has not yet been adopted in routine practice. Despite recent efforts
by the WHO to produce a uniform classification of CNS SFT and
HPC, this case report illustrates the temporal tumor heterogeneity
of CNS SFT /HPC and highlights the limits of anatomo-pathology
to classify these tumors and predict their aggressiveness. In this
case report, the mutation of TP53 (R175H) detected with using
the FoundationOne CDx™ test was associated with a rapidly
progressive clinical state. The overall survival was one of the
shortest described in the literature. This report is insufficient to
conclude on the predictive value of TP53 mutations in CNS SFT
/ HPC. Further studies including molecular profiling of a larger
number of cases are warranted to provide a framework for CNS
SFT / HPC prognostic assessment in order to intensify adjuvant
therapies among high-risk patients and to identify new therapeutic
targets.
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