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Abstract
A rare case of primary osseous solitary fibrous tumor (SFT) located in the calvaria is described. SFTs, previously called 
hemangiopericytomas (HPC), are highly vascularized extra-axial tumors that may originate from the soft tissue, intracranial 
meninges, or the skeletal system. Primary osseous SFT located in the skull is an exceedingly rare occurrence. We report on 
a case of a 64-year-old man that presented with an important osteolytic and vascular bone tumor of the left frontal bone that 
proved to be a grade III SFT. We also review all the cases of primary skull SFT reported in the literature. Initial embolization 
and then complete surgical removal of the tumor were performed. Given the histopathological result and the high mitotic 
index, radiation therapy was performed. Primary osseous SFT is an extremely rare form of bone tumor. This diagnostic 
should be taken into consideration in cases of hypervascular and highly destructive lesions of the bone. Complete surgical 
resection when possible is the treatment of choice. The place of radiotherapy as a primary or adjuvant treatment is yet to be 
determined. Long-term follow-up is highly required due to the risk of distant metastasis and local recurrence.
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Introduction

Solitary fibrous tumors, previously called hemangioperi-
cytomas, are highly vascularised extra-axial tumors of 
mesenchymal origin. The latest World Health Organiza-
tion (WHO) classifications considered the term hemangio-
pericytoma obsolete, and instead, the term “solitary fibrous 
tumor” is now preferred. Solitary fibrous tumors were the 
most common nonmeningothelial mesenchymal neoplasm 
and shared the common molecular feature of NAB2-STAT6 
gene fusions. They were assigned three grades, grade III 
corresponding to the anaplastic hemangiopericytoma on the 
ancient classification [1].

Initially described by A. Stout and M. Murray in 1942, 
they have been shown to arise from Zimmermann pericytes, 
contractile spindle cells surrounding capillaries and postcap-
illary venules in any part of the human body [2]. Solitary 
fibrous tumors often arise in the musculoskeletal system par-
ticularly in the inferior extremities, retroperitoneum, pelvic 
region, and, in almost 25% of the case, in the head and neck 
[3]. They account for less than 1% of intracranial tumors. 
They are associated with high rates of recurrence and have 
metastatic potential, usually in the bones, lungs, liver, and 
less frequently in the vertebras [4].
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Osseous involvement by SFT occurs far more often as 
secondary to a previous soft tissue SFT. Primary osseous 
SFT is an exceedingly rare occurrence. They arise from the 
capillary pericytes of the skeletal system [5, 6]. Primary 
osseous SFT of the skull are particularly scarce, most of 
them being described in the skull base and a couple of iso-
lated cases in the calvaria. To date, only ten previous cases 
were reported as primary osseous skull SFT (Table 1).

However, the differential diagnosis of bone invasion by a 
meningeal SFT should be taken into consideration. As his-
tologically osseous SFT is identical to soft tissue SFT, the 
bone origin is proven primarily by the radiological, surgical, 
and by some anatomopatholodiagnogical findings.

The present clinical case of a man with a frontal bone 
osteolytic tumor that turned out to be an SFT prompted us to 
report it and to review the international literature on primary 
osseous skull SFT.

Case Report

Medical History

A 64-year-old man without any oncological and medical 
history suffered from a painful frontal tumefaction, which 
increased in volume over the last year before admission. The 
clinical examination showed a slightly sensible fixed subcu-
taneous mass of hard consistency surrounded by engorged 
scalp veins. The skin overlaying the lesion was intact and 
showed no signs of redness or discoloration. The initial neu-
rologic examination did not show any deficit.

The patient underwent a complete panel of radiological 
investigations including cerebral and full-body CT scans, 
brain MRI, and four-vessel digital subtraction angiography 
(DSA). The head CT examination in bone window settings 
showed a well-defined, expansile lesion, located in the left 
frontal bone. The mass, measuring 45 × 37 × 39 mm, was 
extensively lytic and responsible for bi-cortical destruction 
(Fig. 1a). The brain MRI (Fig. 1b–d) depicted a poly-lobu-
lated extra-axial mass centered on the left frontal bone with 
homogeneous and intense contrast enhancement. Although 
the bulk was located within the bone, a small component of 
the tumor seemed to have breached through the dura mater 
and came in contact with the brain parenchyma (Fig. 1c). 
Dynamic susceptibility-weighted contrast (DSC) perfusion 
shows a high rCBV (Fig. 1d). Four-vessel digital subtraction 
angiography (DSA) confirmed the highly vascular nature 
of the lesion that was fed by hypertrophic branches of the 
left superficial temporal artery (STA) and middle menin-
geal artery (MMA). The feeding arteries were divided 
into numerous radially arranged branches inside the tumor 
(Fig. 2). The full-body CT scan did not detect any other 
malignancies. Ta
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The initial clinic and radiologic diagnostic hypotheses 
were a sarcomatous lesion, a plasmacytoma, an osseous 
metastatic lesion, an aggressive bone haemangioma, and, 
although very unlikely, an atypical meningioma.

Due to the highly vascular profile of the tumor, an onyx 
embolization of the two feeding vessels (STA and MMA) 
was initially performed that achieved a reduction of the 
tumor blush (Fig. 2c). The embolization procedure was fol-
lowed by the surgical intervention 24 h later.

Surgical Procedure

The surgery was carried out with the patient under general 
anesthesia and endotracheal intubation. After careful dissec-
tion of the subcutaneous tissue, we came upon a bulky lobu-
lated and encapsulated purple mass destroying the calvaria. 
The periosteum covering the mass was infiltrated.

With the help of the navigation system, a large frontal 
craniectomy was performed within the healthy bone sur-
rounding the osseous lesion using a fluted and diamond 
high-speed drill. The cancellous bone in the vicinity of 
the lesion was infiltrated, hemorrhagic, and friable. The 
cleavage plan between the dura and the tumor was easily 
obtained. After progressive debulking of the lesion and a 
careful dissection of the dura mater, we came upon a small 
dural defect. Except for a small portion in the periphery 
of the trans-dural contingent, the dura mater did not seem 
macroscopically infiltrated. The small intradural part of 
the tumor came in contact with the frontal cortex. The 
intradural contingent was easily dissected due to the pres-
ence of a preserved extra-arachnoid cleavage plane. The 
cortex did not show any macroscopic signs of infiltration. 
We removed the whole dura that came in direct contact 
with the bony lesion extending far beyond the portion 
breached by the tumor. The resected dura was sent for 

Fig. 1  CT scan coronal view (a) showing an expansive mass located 
in the left frontal bone highly destructive with bi-cortical disruption 
(yellow arrows). The margins were ill-defined, and there were no 
intra-tumoral calcifications. Brain MRI with gadolinium enhance-
ment, coronal view (b) sections showing an extra-axial mass with 

significant and homogenous contrast enhancement. On the MRI 
T2-weighted image, coronal view (c) the mass appeared to be 
completely extradural except for a small part that seemed to have 
breached the dura (red arrows). Dynamic susceptibility-weighted con-
trast (DSC) perfusion shows a high rCBV (d, yellow arrowheads)

Fig. 2  Cerebral angiography showing the highly vascular nature of the lesion (orange arrows) supplied by radially arranged vessels from the 
STA (a, blue arrowheads) and the MMA (b, red arrows). After embolization, there was no residual tumoral blush (c, yellow arrowheads)
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proper histopathological analysis with the resected tumor. 
An artificial dura substitute was used to close the dural 
defect (Neuro-patch® Brown). Cranioplasty with the aid 
of fashioned bone cement (Palacos ® Heraeus) was per-
formed in order to cover the bone defect (Fig. 3). The 
preoperative embolization resulted in minimal blood loss 
during tumor resection, which in turn led to a shorter sur-
gical time of 2 h.

The post-operatory period was uneventful. The post-con-
trast CT scan and MRI performed 2 months following the 
surgical removal showed no residual tumor (Fig. 3a).

Postoperative Course

The histopathological investigation showed moderate-to-
high tumor cell proliferation (8%) without any necrosis. 
The tumor exhibited a vascular component with a branching, 
staghorn configuration. The immunohistochemistry analysis 
showed positive nuclear STAT6 expression and focal CD34 
positivity and was negative for epithelial membrane antigen 
(EMA). The Ki67 proliferation index was high, reaching 
8%. The macroscopical infiltration of the dura mater near 
the intradural part was confirmed by the histopathological 
result. The rest of the dura mater did not reveal any signs of 
tumor infiltration. The lesion was classified as a grade III 
SFT/HPC according to the last WHO 2016 classification [7].

While discussing the case in a multidisciplinary meet-
ing, given the histopathological features (high Ki67 level), 
postoperative radiation was proposed. A dose of 54 Gy in 27 
fractions of 2Gy was delivered to the resection cavity using a 
Linac-based 3D conformal technique with 3 coplanar beams 
(right anterior oblique: 325°, left anterior oblique: 40°, and 
left posterior oblique: 140°). A clinical target volume (CTV) 
was created using a 5-mm margin around the gross tumor 
volume (GTV) represented by the resection cavity. A 5-mm 
isotropic expansion from the CTV was used to generate the 
planning target volume.

At the last follow-up, almost 5 years following the sur-
gery, the brain MRI and the whole-body PET scan did not 
show any signs of local recurrence nor distant metastasis.

Discussion and Review of Literature

This article illustrates the case of a 64-year-old man with 
a primary bone SFT originating from the frontal bone. 
While bone is frequently affected by extra-neural metas-
tases, the occurrence of a primary osseous SFT is rare. A 
study conducted at the Mayo Clinic, which reviewed 8452 
primary bone tumors, revealed that bone SFT is an exceed-
ingly uncommon condition, accounting for only 0.08% of all 
primary bone tumors and 0.1% of primary malignant bone 
tumors [5].

Due to the limited number of cases available, determining 
a risk assessment model for patients with primary bone SFT 
was extremely challenging. Demicco et al. proposed a risk 
assessment score for soft tissue SFT that took into account 
the patient’s age, tumor size, mitotic index, and the presence 
of necrosis. In their studies, larger tumors, a mitotic index of 
≥4/10 high-power fields, the presence of necrosis, and age 
≥55 were associated with a higher risk of metastasis. [8, 9] 
However, a recent study by Bianchi et al. reported on a series 
of 24 patients with primary bone SFT and found that, unlike 
SFT of soft tissues, the aggressive behavior of primary SFT 
of the bone appeared to be independent of the mitotic count 
or any other clinicopathological and molecular features, and 
therefore, the risk stratification model proposed by Demicco 
was not applicable [10]. In their series, localized lesions and 
surgically treated patients (16 out of 24, 66%) had a better 
5-year disease-specific survival than those with metastatic 
disease (74% vs. 33%) [10].

It is challenging, if not impossible, to determine the 
optimal management of primary bone SFT based on the 
limited cases reported in the literature. Treatment has pri-
marily relied on experiences with soft tissue SFT, with no 

Fig. 3  Post-operatory brain 
MRI with gadolinium enhance-
ment, coronal section (a) show-
ing the complete resection of 
the lesion; 3D reconstruction of 
the post-operatory CT scan (b) 
illustrating the fashioned bone 
cement (methyl methacrylate) 
that was used to cover the bone 
defect. Ri = right; Le = left
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established treatment algorithm or prospective trials avail-
able for these tumors. Surgery appears to play an undisputed 
role in the majority of studies. Pasquali et al. conducted a 
study on a series of extra-pleural, extra-meningeal SFTs sur-
gically resected, which showed that patients had a 5-year 
disease-free survival and overall survival of 78% and 83%, 
respectively [11]. The role of radiotherapy (RT) as a pri-
mary or adjuvant treatment is yet to be determined. Most 
series report on postoperative RT. The majority of authors 
agree that RT should be considered as an alternative treat-
ment option to surgery when the lesion is inaccessible or 
complete excision is not achievable. Adjuvant RT has been 
proposed when high-risk histopathological features are pre-
sent in the surgical specimen and/or complete resection was 
not achieved [12–17].

In a retrospective observational study by Hass et al., 
involving 549 patients with extra-meningeal SFT, the authors 
compared the outcomes of surgery alone versus periopera-
tive radiation therapy. The study found that the addition of 
radiation therapy to surgery may improve local control and 
reduce the risk of local recurrence without affecting overall 
survival [18]. However, it is unclear whether these results 
can be applied to primary bone SFT, given the rarity of this 
disease. Unfortunately, conducting prospective randomized 
phase III trials may not be feasible due to the limited number 
of cases.

The previous literature has reported ten cases of primary 
osseous SFT of the skull, as shown in Table 1 [5, 19–24]. 
In seven of the reported cases, the tumors were located in 
the petrous part of the temporal bone, while the remain-
ing three were located in the calvaria. Seven out of the ten 
cases had a significant intradural component. However, it 
can be challenging to distinguish between a soft tissue SFT 
with secondary bone erosion and a primary bone SFT with 
secondary meningeal and intradural invasion in most cases. 
Only three cases had radiological and intraoperative char-
acteristics such as a small or no intradural component and 
no dural invasion, which allowed them to be classified as 
primary bone SFTs [5, 24, 25].

Although extremely rare, the possibility of this lesion 
being a bone tumor should be considered. Due to their 
highly vascular nature and potential for significant bleed-
ing, preoperative preparation is highly advisable, especially 
in cases of very large tumors. MR imaging with perfusion 
sequences and DSA are helpful in evaluating the vascularity 
of these lesions.

Preoperative embolization can be considered as a means 
to decrease intraoperative bleeding, which can facilitate 
a safer and more effective tumor resection. Hanak et al. 
conducted a study on preoperative embolization of intrac-
ranial SFT, which revealed a negative correlation between 
the extent of angiographic devascularization and intraop-
erative blood loss. They also observed that SFTs supplied 

dominantly by the external carotid artery (ECA) were more 
successfully embolized than those supplied by pial vascu-
larization [26]. Therefore, calvarial SFTs, which are exclu-
sively supplied by the ECA, are promising candidates for 
preoperative embolization.

Long-term follow-up is widely recognized as crucial for 
detecting local recurrence or distant metastasis in patients 
with SFT. According to Ghose et al., the average time for 
the development of distant metastases was approximately 
91.33 (±16.44) months [27]. Some studies have proposed 
using whole-body CT/PET, which provides metabolic infor-
mation, to regularly monitor patients with SFT. However, 
there are no current reports on the use of PET MR for this 
purpose [4, 28].

Conclusions

Primary osseous SFT is an extremely rare form of hyper-
vascular and highly destructive bone tumor. Calvaria SFT 
seems to fill in perfectly all the criteria of a candidate for 
a complete and safe resection (well-defined tumors, easily 
accessible due to their superficial localization, vasculariza-
tion exclusively from the external carotid artery). Although 
many of the authors are in favor of postoperative stereotactic 
radiotherapy in inoperable cases, in cases with incomplete 
resection or in lesions with a high mitotic index, the question 
of the role of adjuvant RT in the recurrence-free survival or 
overall survival is unlikely to be answered due to the rarity 
of this disease. We emphasize the fact that patients treated 
for primary osseous SFT should be closely monitored for 
prolonged periods of time in order to detect local recur-
rence or distant metastasis, which can occur even after a 
long period

Patient’s Perspective

The patient was initially anxious due to the rarity of this 
lesion, the potential aggressive behavior, and the absence of 
a well-established protocol of treatment. He was, however, 
reassured by the fact that surgery managed to remove the 
whole tumor and that radiotherapy was rapidly performed 
after the diagnostic. Throughout the years of close follow-
up, he grew increasingly confident in the therapeutic proto-
col due to the reassuring results of the radiologic follow-up.
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