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CASE REPORT

A rapidly fatal intracranial anaplastic hemangiopericytoma with de-
novo dedifferentiation: emphasis on diagnostic recognition, molecular 
confirmation and discussion on treatment dilemma
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Abstract
Solitary fibrous tumors/ hemangiopericytomas (SFT/HPC) are mesenchymal tumors that share a common genetic aberration 
and very rarely undergo dedifferentiation. We report a unique case of an intracranial anaplastic SFT/HPC with de-novo dedif-
ferentiation, which pursued a rapidly fatal clinical course in a 41-year-old lady. The dedifferentiated component comprised 
a focal area of glandular formation with epithelial immunophenotype acquisition. The distinct biphasic pattern of the tumor 
imparted great diagnostic challenges to the pathologists. An increased awareness of SFT/HPCs with a diverse morpho-
logic spectrum or even a biphasic histologic pattern is essential in working up such cases. We first attempted gamma knife 
radiosurgery in treating a recurrent dedifferentiated SFT/HPC; unfortunately it was to no avail. Although it is now known 
that SFT/HPC is characterized by NAB2-STAT6 gene fusion, the unavailability of targeted therapy against this molecular 
signature still results in a treatment dilemma.
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Introduction

Dedifferentiation in a solitary fibrous tumor/ hemangioperi-
cytoma (SFT/HPC) is an exceptionally rare phenomenon, 
first recognized by Mosquera and Fletcher [1] in 2009. It 
is characterized by an abrupt transition from the classical 
spindle cell component to a high-grade, sarcomatous pattern 
accompanied by frequent loss of CD34 and overexpression 
of p53 and p16 [1]. Retroperitoneum and deep soft tissues 
are the most commonly affected sites [2]. Till date, there are 
only three intracranial examples in the literature, all of which 
occurred in the setting of tumor progression and recurrence, 
the diagnosis of which may be made relatively easier by 

the history and the presence of a lower grade component 
(Table 1) [3–5]. We report the fourth intracranial example, 
but the first with de-novo dedifferentiation, one that pursued 
a highly aggressive and rapidly fatal clinical course in a pre-
viously healthy 41-year-old lady. Our case highlights the 
diverse morphologic spectrum of SFT/HPCs, the value of 
ancillary molecular testing in the diagnostic process and the 
treatment dilemma associated with dedifferentiated cases.

Clinical summary

A 41-year-old female with no significant past medical his-
tory presented with a 1-month history of headache, ver-
tiginous giddiness and unsteady gait. Clinical examination 
revealed signs of cerebellar dysfunction on the left side (dys-
metria, dysdiadochokinesia and nystagmus). There were no 
cranial nerve deficits.

Computed tomography (CT) and magnetic reso-
nance imaging (MRI) scans of the brain demonstrated a 
3.6 × 3.3 × 2.7 cm heterogeneously enhancing, lobulated 
extra-axial mass at the left cerebellopontine angle, with pos-
sible extension to the left jugular foramina (Fig. 1a). The 
mass exhibited no restricted diffusion or internal calcifica-
tion. Vasogenic edema was noted within the left cerebellar 
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hemisphere with consequent mass effect on the brainstem 
and obstructive hydrocephalus. MRI of the spine and CT 
scan of the thorax, abdomen and pelvis were negative for 
mass lesions.

The patient was stabilized with insertion of an external 
ventricular drain (EVD) to relieve the hydrocephalus. There-
after, tumor resection was attempted. Intraoperative findings 
revealed an extremely vascular tumor which was firm and 
rubbery in consistency. There was no clear plane between 
the tumor and the brainstem tissue. The jugular foramen 
was not involved. Brainstem auditory evoked potentials were 
monitored throughout the surgery and an acute drop with 
minimal recovery late in the procedure prompted a halt in 
further debulking.

The patient recovered well following the surgery. Facial 
nerve function and hearing in particular were preserved 
on the left side. The post-operative MRI brain scan dem-
onstrated near-total resection of the lesion (Fig. 1b). The 
patient was successfully weaned off the EVD and underwent 
adjuvant radiotherapy which was completed after 6 months.

An interval MRI scan performed 9 months after the initial 
resection revealed recurrence of the tumor, with associated 
hydrocephalus (Fig. 1c). The patient was also experiencing 
progressive unsteadiness of gait, speech and motor distur-
bances over a duration of 1 month. She underwent a ventric-
uloperitoneal shunt insertion to relieve the hydrocephalus, 
followed by a retrosigmoid decompressive craniectomy and 
further debulking of the tumor, performed as staged proce-
dures over an interval of 2 weeks. Post-operative MRI imag-
ing again demonstrated a satisfactory subtotal resection with 
thin tumor remnants overlying the brainstem and petrous 
region (Fig. 1d). She underwent gamma knife radiosurgery 
(GKS) to the remnant tumor 3 weeks after the debulking 
procedure.

Interval MRI brain scans performed 6  weeks and 
3 months after GKS revealed rapid recurrence of the known 
lesion and multiple new lesions throughout the brain 

(Fig. 1e, f). An extramedullary drop metastasis at T9 level 
was also found. The patient died 3 months later.

Materials and methods

Both the first and second resection specimens were rou-
tinely processed for paraffin embedding and staining with 
hematoxylin and eosin (H&E). Immunohistochemical (IHC) 
staining was performed with commercially available pri-
mary antibodies, including CD34, STAT6, BCL-2, CD99, 
CAM5.2, AE1/AE3, MNF116, CK7, EMA, desmin, S100, 
SOX10 and HMB45, following the locally validated dilu-
tions and tissue preparations. SYT break-apart fluorescence 
in-situ hybridization (FISH) for the detection of SYT gene 
rearrangement was performed using Vysis SS18 Break Apart 
FISH Probe Kit (Abbott Molecular, Des Plaines, IL, USA).

For targeted next-generation sequencing (NGS), total 
nucleic acid was extracted from formalin-fixed paraffin-
embedded (FFPE) tumor tissue using the Reliaprep FFPE 
Total RNA Miniprep System (Promega, Wisconsin, USA). 
Laser microdissection of the epithelioid component was not 
performed. The extracted ribonucleic acid (RNA) was used 
for library preparation via the Archer® Fusionplex® Sar-
coma Kit (AK00328), in accordance to the manufacturer’s 
protocol. The prepared library was sequenced on the Ion 
Torrent PGM next-generation sequencer using the Hi-Q™ 
sequencing kit and Hi-Q™ OT2 kit. The results were ana-
lyzed by Archer® Data Analysis software. The extracted 
RNA was also subjected to one step reverse transcriptase-
polymerase chain reaction (RT-PCR) using a GoTaq 1-Step 
RT-PCR kit (Promega). Primers-NAB2 (forward): 5′ GCA​
CCT​ACT​TGT​CCT​CCT​TG 3′; STAT6 (reverse):5′ CAG​
AGA​CAT​GAT​CTG​GGA​CTTG 3′—flanking the break-
point were used. The sizes of the PCR products were deter-
mined on a 2% agarose gel stained with ethidium bromide 
alongside a 50-bp marker (New England Biolabs, Ipswitch, 

Table 1   Cases of dedifferentiated SFT/HPC of the central nervous system [3–5]

NA Not available, NED no evidence of disease

Age/gender Dedifferentiated 
component

NAB2-STAT6 
fusion

Treatment Total duration of 
disease/ time when 
dedifferentiation 
occurred

Recur-
rence/
metastasis

Status

Maekawa et al. [4] 51/M Pleomorphic 
sarcoma

NAB2 exon 5- 
STAT6 exon 18

Surgery 30 months/24 
months

NA/+ Died

Moritani et al. [5] 51/F Fibrosarcoma NA Surgery, radiation 58 months/44 
months

+/+ Died

Lu et al. [3] 18/F Squamous carci-
noma

NAB2 exon 
6-STAT6 exon 15

Surgery 168 months/165 
months

+/− Alive, NED

Index case 41/F Carcinoma
(adenocarcinoma)

NAB2 exon 4- 
STAT6 exon 2

Surgery, radiation, 
Gamma knife 
surgery

16 months/ at diag-
nosis (de-novo)

+/+ Died
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MA, USA). The bands were excised and analyzed by Sanger 
sequencing using the ABI3730xl DNA sequencer (Applied 
Biosystems, Foster City, CA, USA) to confirm the sequence 
of the fusion gene.

Pathological and molecular findings

H&E sections of the first resection specimen showed a 
hypercellular tumor predominantly composed of dense 

Fig. 1   Radiological features of 
the tumor. MRI T1 weighted 
image with contrast at initial 
presentation showing a hetero-
geneously enhancing, lobulated 
extra-axial 3.6 cm mass at the 
left cerebellopontine angle 
(a). Post-operative MRI brain 
scan following initial resec-
tion (b). Interval MRI brain 
scan 9 months after the initial 
resection showing tumor recur-
rence (c). Post-operative MRI 
brain scan following resection 
of recurrent tumor (d). Interval 
MRI brain scan performed 
3 months after second resection 
and Gamma Knife Surgery 
showing rapid recurrence of the 
known lesion (e) and multiple 
new lesions (f)
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sheets of spindle cells with interspersed gaping vessels 
(Fig.  2a). The spindle cell proliferation featured scat-
tered anaplastic and multinucleated cells, along with brisk 
mitotic activity (up to 29 per 10 high power fields) (Fig. 2b). 
Focally, there was glandular formation lined by epithelioid 
cells (Fig. 2c) and a tiny, discrete but unencapsulated nodule 
composed of epithelioid cells arranged in a nested architec-
ture (Fig. 2d). The epithelioid cells demonstrated moderate 
to marked pleomorphism and possessed angulated vesicular 
nuclei, variably conspicuous nucleoli and abundant vacu-
olated cytoplasm. Up to 15 mitotic figures per 10 high-power 

fields were noted in the epithelioid area, including scattered 
atypical mitoses. The areas with epithelioid cells comprised 
less than 10% of the entire tumor volume. There was no 
other heterologous differentiation.

A Wilder’s reticulin silver impregnation showed a dense 
pericellular reticulin deposition in the spindle cell compo-
nent. Both cell types were positive for BCL-2 (Fig. 2e), 
CD99 and overexpressed p53. CD34 was diffusely positive 
in the spindle cell component but negative in the epithelioid 
cells (Fig. 2f). The spindle cells showed patchy reactiv-
ity for STAT6, whereas the epithelioid cells showed only 

Fig. 2   Morphological and immunohistochemical features of the 
tumor. Tumor composed of sheets of spindle cells with variably 
ectatic vessels (a, H&E, × 100). Brisk mitotic activity (open arrows) 
and multinucleated cells with anaplasia (arrow) (b, H&E, × 400). 
Focally, the tumor showed glandular architecture lined by epithe-
lioid cells (c, H&E, × 200). Solid nests of epithelioid tumor cells with 
vacuolated cytoplasm (right) and a discrete border with spindle cell 

component (left) (d, H&E, × 100). BCL-2 positivity in both spindle 
and epithelioid cells (e, × 100). CD34 was positive in the spindle cells 
(left) and negative in the epithelioid cells (right) (f, × 100). Patchy 
STAT6 positivity in spindle cells (g, × 400). Focal STAT6 positivity 
in epithelioid cells (h, × 600). CAM5.2 was positive in the epithelioid 
cells (right) and negative in the spindle cells (left) (i, × 100)
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weak, focal reactivity (Fig. 2g, h). The epithelioid cells 
also expressed CAM5.2 (Fig. 2i). They also showed intact 
H3K27me3 and were negative for AE1/AE3, MNF116, 
CK7, EMA, desmin, S100, SOX10 and HMB45. The his-
tological and IHC features favored an anaplastic SFT/HPC 
with focal epithelioid dedifferentiation. Additionally, FISH 
was negative for t(X,18) (SYT/SSX) translocation, preclud-
ing the differential diagnosis of a synovial sarcoma. NGS 
using the Archer®Fusionplex® Sarcoma kit and confirma-
tory RT-PCR showed a NAB2 (exon 4)-STAT6 (exon 2) gene 
fusion, clinching the diagnosis of a SFT/HPC (Fig. 3a, b).

The second resection specimen only showed the spindle 
cell component; no other heterologous differentiation was 
identified despite extensive sampling.

Discussion

An intracranial SFT/HPC with a biphasic appearance is 
exceedingly uncommon, illustrated by the three cases in 
Table 1 that demonstrated a biphasic pattern due to dedi-
fferentiation in the setting of tumor recurrence. However, 
unlike those three cases, our case lacked a well-differenti-
ated, lower grade component which may be helpful in direct-
ing us to the correct diagnosis more promptly. In addition, 
the discrete pattern of the epithelioid component with well-
formed glandular structures compounded the diagnostic 

dilemma and prompted consideration of a collision tumor 
comprising a metastatic carcinoma and a primary mesen-
chymal tumor. Our case shows morphological similarities 
to the case reported by Pekmezci et al. [6]. These authors 
reported an anaplastic HPC with gland-like spaces lined by 
epithelioid cells that showed a similar immunoprofile to the 
spindle cell component and were negative for cytokeratins. 
Consequently, the authors considered the epithelioid cells 
to represent “pseudoglands” instead of tumoral dediffer-
entiation [6]. In contrast, the index case demonstrated an 
epithelioid component which formed glandular structures, 
showed loss of CD34 (which was retained in the spindle cell 
component) and acquired an epithelial characteristic, such 
as CAM5.2 expression. We believe that our case represents 
a dedifferentiated SFT/HPC, based on the loss of CD34 
reactivity and acquisition of epithelial characteristics. The 
aggressive nature of a dedifferentiated SFT/HPC was clearly 
demonstrated by the cases presented by Maekawa et al. [4] 
and Moritani et al. [5], with both patients developing meta-
static disease and dying of disease, 6 and 14 months upon 
the diagnoses of dedifferentiation respectively. Although the 
case presented by Lu et al. [3] showed no evidence of disease 
at the last follow-up, the duration of follow-up after the diag-
nosis of dedifferentiation was only 3 months. In comparison 
to the cases presented by Maekawa et al. [4] and Moritani 
et al. [5], the de-novo nature of dedifferentiation in our case 
imparted a highly aggressive and rapidly fatal clinical course 

Fig. 3   Molecular features of the tumor. Targeted sequencing of the spindle cell component using Archer ®Fusionplex® Sarcoma Analysis kit 
showed fusion between NAB2 exon 4 and STAT6 exon 2 (a), which was confirmed with RT-PCR (b)
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with only a 1-month history of presenting symptoms, first 
tumor recurrence at 3 months after completion of adjuvant 
radiotherapy and metastatic disease at 6 weeks after GKS. 
Additionally, our case demonstrated that even a minor com-
ponent (< 10%) of dedifferentiation may be adequate to con-
fer the extremely aggressive nature of the tumor and portend 
a highly unfavorable prognosis.

Although none is sufficiently sensitive or specific, the 
combination of diffuse CD34, CD99 and BCL2 positivity in 
the spindle cell component is a helpful clue that directs the 
working diagnosis towards SFT/HPC [7]. More importantly, 
it is now well established that SFT/HPCs are characterized 
by the inv12(q13q13)-derived NAB2–STAT6 fusion with 
STAT6 IHC being a useful surrogate marker for this molecu-
lar signature. Since laser microdissection of the epithelioid 
component was not performed, the positive fusion result 
from NGS and RT-PCR in our case was likely represented by 
the spindle cell component. Nonetheless, the co-expression 
of STAT6 IHC in the epithelioid component, albeit focal and 
weak in our case, suggests that it shares a similar biological 
lineage with the background spindle cell component. Tumors 
of the central nervous system possessing a biphasic appear-
ance are classically exemplified by gliosarcoma. Other dif-
ferentials include rare cases of anaplastic meningioma with 
epithelial metaplasia, malignant peripheral nerve sheath 
tumors, metastatic carcinosarcoma and synovial sarcoma 
[8–15]. In approaching such cases, an increased awareness 
of tumors that may demonstrate a biphasic pattern, extensive 
tumor sampling and a judicious panel of IHC are crucial to 
establishing the diagnosis and excluding the mimickers. The 
latter step includes a diligent search for a gliomatous compo-
nent in gliosarcoma, demonstration of S100 and SOX10 in 
neural/nerve sheath tumors, identifying a loss of H3K27me3 
in malignant peripheral nerve sheath tumors, demonstration 
of STAT6 nuclear immunoreactivity or NAB2-STAT6 fusion 
by molecular assays in SFT/HPCs, molecular analysis to 
detect t(X;18) in synovial sarcomas and close clinical and 
imaging correlation to exclude metastatic tumors.

Since its discovery in 2013, several investigators have 
found more than 40 NAB2-STAT6 fusion variants and 
investigated the clinicopathological differences between 
the gene variants [16, 17]. In the meninges, the commonest 
fusion variant is NAB2 exon 6-STAT6 exon 16/17/18 [16]. 
In addition, some authors found that SFT/HPCs with this 
gene fusion variant tend to recur more frequently than SFT/
HPCs with NAB2 exon 4-STAT6 exon 2/3, although there 
was no statistical correlation [16, 18, 19]. It is interesting 
to note that our case showed NAB2 exon 4-STAT6 exon 2 
fusion, which is the variant most commonly seen in classic 
pleuropulmonary SFT/HPCs with diffuse fibrosis and mostly 
benign behavior [20, 21]. The aggressive clinical course 
demonstrated in our case supports the findings by other 
investigators that the clinical aggressiveness of extrathoracic 

SFT/HPCs is associated with malignant histology but unre-
lated to the fusion variant [17]. On a separate note, STAT6 
immunoreactivity was found to be highly sensitive and spe-
cific, with most cases of SFT/HPCs showing intense and dif-
fuse nuclear reactivity [22, 23]. Notably, the dedifferentiated 
SFT/HPCs have been shown to express reduced or absent 
STAT6 reactivity, possibly due to post-transcriptional down-
regulation, while retaining the fusion gene and expressing 
the chimeric RNA [24, 25]. The diagnostic utility of STAT6 
IHC and the effect of protein downregulation in dedifferenti-
ated tumors are best demonstrated in our case, in which the 
spindle cell component showed patchy and variable reactiv-
ity for STAT6 IHC while the dedifferentiated component 
showed only focal and weak reactivity.

The mainstay of treatment for SFT/HPC is surgical resec-
tion with negative margins. There is very limited published 
data regarding treatment for dedifferentiated SFT/HPC in 
view of its rarity. In the index case, the critical location of 
tumor with brainstem involvement greatly limited the poten-
tial for total surgical clearance of the tumor. In a case series 
of ten patients with dedifferentiated SFT/HPC, five received 
anthracycline-based chemotherapy and three responded [26]. 
This may suggest that dedifferentiated SFT/HPCs are more 
sensitive to chemotherapy regimens than the conventional 
type. Nonetheless, these ten cases were of deep soft tissue, 
retroperitoneum or pleuropulmonary origins. The use of 
anthracycline-based chemotherapy agents for intracranial 
tumors is hampered by the presence of the blood–brain bar-
rier, which serves as a physical and physiological hurdle to 
the delivery of these drugs into the brain [27]. Few reports 
have described the role of GKS in treating recurrent intrac-
ranial SFT/HPCs with reasonable outcomes [28, 29]. We 
first attempted the use of this modality in treating a residual, 
recurrent SFT/HPC with dedifferentiation. Unfortunately, it 
was to no avail; rapid tumor recurrence and development of 
metastasis occurred 6 weeks upon completion of treatment. 
Although it is now well known that SFT/HPCs are character-
ized by the NAB2-STAT6 fusion, there unfortunately remains 
a lack of targeted therapy against this molecular signature.

In summary, we illustrate a rare case of intracranial ana-
plastic SFT/HPC with biphasic histologic pattern resulting 
from de-novo dedifferentiation. An increased awareness of 
SFT/HPCs showing a diverse morphologic spectrum or even 
a biphasic histologic pattern is essential in working up such 
cases. Our case highlights the importance of diagnostic rec-
ognition, ancillary molecular genetic confirmation and the 
treatment dilemma in dealing with such cases. More studies 
are needed to evaluate the optimal treatment of this rare 
tumor.
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