Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY LETTERS 24: 255, 2022

Delayed pulmonary metastasis and recurrence of intracranial
malignant solitary fibrous tumor/hemangiopericytoma:
Case report and literature review

QIHENG LI, CHUNMEI ZHANG and ZHENGIJIN LI

Department of Pathology, The First Affiliated Hospital of Dali University, Dali, Yunnan 671000, PR. China

Received March 29, 2022; Accepted May 24, 2022

DOI: 10.3892/01.2022.13375

Abstract. Solitary fibrous tumors/hemangiopericytomas
(SFTs/HPCs) are intracranial spindle cell tumors that originate
from interstitial tissue. SFTs/HPCs that are primary malignant
intracranial tumors are exceedingly uncommon. A case of
intracranial malignant SFT/HPC that originated intracrani-
ally and spread to the pulmonary region is described herein.
Furthermore, the specimens from two surgical resections
obtained when the patient had undergone two prior procedures
for intracranial ‘meningiomas’ were also reviewed. The results
of the lung biopsy matched the morphologic appearance of the
intracranial tumor. The patient died ~2 years after the chest pain
started. In addition, the literature was reviewed. According to
previous studies, STAT6 expression was positive in 100% of
SFTs/HPCs and radiologic characteristics assisted in deter-
mining the tumor pathology and grade. Surgical management
has been the mainstay treatment for SFTs. In cases of incom-
plete resection, adjuvant radiotherapy is effective and rigorous
follow-up is required to monitor for recurrence.

Introduction

Solitary fibrous tumors (SFT) and hemangiopericytomas
(HPC) are solid tumors that originate from mesenchymal
tissue and typically occur in soft tissue (1). Although intracra-
nial tumors are possible, they are uncommon, accounting for
only 0.4 percent of all primary central nervous system (CNS)
tumors (2). Repeated intracranial SFT/HPC recurs locally and
has a high rate of metastasis even long after the initial treatment.
At our department, a case with multiple well-enhanced masses
in the left upper lobe was encountered. Initially, primary lung
adenocarcinoma was suspected. The patient had previously
undergone two separate surgeries to remove two intracranial
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meningiomas. The patient was eventually diagnosed with an
extracranial metastasis of a primary intracranial SFT/HPC,
as well as an intracranial recurrence and metastasis that had
occurred 11 and 13 years after the first resection in 2004.
Furthermore, the differential diagnoses of intracranial masses
and how to distinguish them based on imaging characteristics
and immunohistochemistry were discussed.

Case report

A 50-year-old male presented at The First Affiliated Hospital
of Dali University (Dali, China) in September 2017 with parox-
ysmal left-side chest discomfort that had become increasingly
severe over the preceding month. Routine biochemical and
hematological test results were within normal limits, but
CT revealed a well-defined oval lung mass in the left upper
lobe near the hilum measuring 41x35 mm in size (Fig. 1A).
Pre-operative CT indicated heterogeneous enhancement of a
round mass of up to 31x21 mm in the left thalamus, and a
significant cavity was observed on post-operative review after
resection of the brain tumor (Fig. 1B and C). MRI revealed
well-defined masses in the left thalamus, corpus callosum body,
left frontal lobe and right temporal lobe measuring 31x21 mm
in size. The tumor had a low signal on T1- and T2-weighted
images and the tumor in the bilateral cerebellum was isoin-
tense on T1- and T2-weighted images; furthermore, the tumor
had uneven enhancement. The patient had previously under-
gone multiple intracranial tumor resections (Table I). The first
was an excision of a right cerebellar tentorium tumor 17 years
previously, which had been identified as a fibrous meningioma.
The second procedure was the excision of a tumor that was
diagnosed as meningioma in the left cerebellopontine angle,
World Health Organization (WHO) grade I. According to the
WHO 2016 revised guidelines, meningiomas are classified as
follows: Grade I, benign meningiomas with <4+ mitoses per
10 consecutive high-power fields (HPF; objective magnifica-
tion, x40); Grade 11, atypical with a mitotic rate of 4-19 per
10 HPF or brain invasion (if neither feature is present, at least
three of the following five histologic criteria must be evident to
arrive at a Grade II diagnosis: Intratumoral micronecrosis not
caused by presurgical thrombosis therapy; patternless sheets
of tumor cells; prominent nucleoli; high cellularity; and tumor
cells with scant cytoplasm relative to nuclear size); Grade III,
anaplastic (malignant) with >20+ mitoses per 10 consecutive
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HPF (2). Given that the tumor in the upper lobe of the left lung
was the largest, it was first assumed to be the primary lesion
but this was later disproven, as it was a pulmonary metastasis
from a primary intracranial tumor. The upper lobe of the left
lung tumor was subjected to a CT-guided biopsy. Based on
these findings, a definitive diagnosis of malignant SFT/HPC
pulmonary metastases was made.

In the present case, the patient had already undergone two
surgeries to remove intracranial meningiomas. The specimens
that had been removed in 2004 were also evaluated in 2015,
since it was suspected that the excised tumors were indeed
SFT/HPC. A pathological examination on biopsy specimens
from 2017 was also performed. The morphological appearance
of the larger intracranial mass was confirmed to be consis-
tent with the biopsy. The tumor histopathology revealed an
abundance of typical ‘staghorn’ vascularization in the tissue
(Fig. 2A) and tumor cells grew around blood vessels. A large
number of spindle-shaped tumor cells arranged in bundles
and alternating between sparse and dense distribution was
observed between the vessels (Fig. 2B) and mitotic bodies
were visible (=5 mitoses per 10 high-power fields) (Fig. 2C).
Histopathological and immunohistochemical findings of the
tumor from 6 years previously revealed spindle cells positive for
STATG6 (Fig. 3A), vimentin (Fig. 3B), CD34 (Fig. 3C) and Bcl-2
(Fig. 3D), and negativity for smooth muscle actin (Fig. 4A),
S-100 (Fig. 4B), epithelial membrane antibody (EMA) (Fig. 4C)
and progesterone receptor (PR) (Fig. 4D), findings that were
compatible with malignant SFT/HPC, WHO III. Therefore, all
intrapulmonary and intracranial lesions were considered recur-
rence and metastasis from a primary intracranial SFT/HPC.
The patient was discharged after 15 days of radiotherapy. One
year and 9 months after the onset of chest pain, the patient's
systemic condition worsened and CT indicated thoracolumbar
metastasis. The patient died two months after the detection of
multiple metastases throughout the body.

Discussion

SFT/HPC tumors are perivascular cell cancers. Although
such tumors may arise intracranially, they are infrequent,
accounting for <1% of all primary CNS tumors, with the
majority occurring in the fifth decade of life and with no
apparent sex differences (3). Solitary fibrous tumors and
hemangiopericytomas of the CNS exhibit overlapping
pathology and immunohistochemical characteristics, such as
occurrence in the neuraxis, inversions at 12q13 and overex-
pression of the NGFI-A-binding protein 2 (NAB2)-STAT6
gene fusion; according to recent research, quantitative PCR
revealed high expression levels of the 5'-end of NAB2 and the
3'-end of STAT6, which, on deep sequencing of enriched DNA
corresponded to NAB2/STAT6 fusions (2,4). Their diagnoses
inevitably overlap as a result of this representation (5,6).

In the report for 2016, the WHO classification of CNS
tumors has created the combined term SFT/HPC (7,8).
Thus, as HPC and SFT have similar imaging features, their
combined diagnosis may decrease the incidence of presurgical
misdiagnosis. Until the tumor reaches a particular size or
invades brain regions that produces measurable effects or
has functional implications, there are no identifiable clinical
symptoms.

Although radiologic characteristics may assist in predicting
and grading tumor pathology, pathological examination
remains the gold standard for diagnosis and pathological
grading. On T2-weighted MRI (T2WI), the majority of cases
with WHO grade I exhibit intermediate-low signal inten-
sity (3). A minority of the cases have 2 different signal
intensity areas on T2WI. T2 hyperintense regions indicate
fibrotic components with distinct difference enhancement,
whereas T2 iso- or hyperintense areas represent hypercel-
lular components with mild heterogeneous enhancement. The
so-called black-and-white or yin-yang signals are associated
with intracranial SFTs/HPCs when these two components
are combined (9-11). For WHO grades II and III, the tumors
generally have intermediate-high signal intensity on T2WI.
The existence of a tortuous flow-empty vascular shadow inside
or on the surface of these two grades of tumors is critical for
distinguishing WHO grade I from WHO grade II and III.
Preoperatively, SFTS/HPCs are frequently misdiagnosed
as fibrous meningiomas or nerve sheath tumors, which are
difficult to differentiate. SFTs/HPCs are more prone than
meningiomas to develop necrosis, cystic degeneration and
areas of signal void, whereas meningiomas usually present
with dural caudal symptoms.

Owing to the diversity of histological patterns exhibited
by SFT, they frequently pose a diagnostic challenge and
integration of clinical, histomorphological, immunohisto-
chemical and molecular features is necessary for establishing
a correct diagnosis (12). However, the final pathological and
immunohistochemical findings remain the gold standard for
diagnosing intracranial SFTS/HPCs, which are classified into
three categories (I-III) based on a set of characteristics (13).
Grade I SFT/HPC has more collagen and a relatively low
cell density with spindle-like cells. Grade II has more cells
arranged in no specific direction and less collagen, and
staghorn-like vascular branches were observed. There were
at least 5 mitotic figures per 10 high-power microscopes at
Grade III (2). In SFT, high mitosis, necrosis and atypia are all
crucial indicators of malignant and aggressive behavior (14).
Since intracranial SFT/HPC is similar to meningioma in terms
of clinical presentation and pathological diagnosis, it is critical
to distinguish between them. The histopathological feature of
SFT is the coexistence of sparse and dense regions, which are
separated by fibrous stroma and have hemangiopericytoma
branching vessels (15). Tumors with the SFT phenotype had
a patternless architecture or a short fascicular pattern, with
alternating hypocellular and hypercellular areas and thick
collagen bands on histopathology (2). Tumors with an HPC
phenotype have a high level of cellularity across the entire area.
Meningioma cells may be observed to be arranged in nest-like
clusters under the microscope, with abundant cytoplasm and
poorly defined cells (syncytium-like). Pseudo-inclusions are
common in the nucleus and the cells have weakly defined cell
borders (syncytial cell-like) (16). Within the meningioma,
sand granule formation is also seen. In SFT/HPCs, STAT® is
always positive, CD34 is positive to varying degrees, and most
of them also express Bcl-2 and CD99. STAT6 immunohisto-
chemistry is both a highly specific and sensitive surrogate for
NAB2-STAT6 gene fusions, and the specificity and sensitivity
of nuclear STAT6 for SFT/HPCs were 100 and 96.6%, respec-
tively (17-19). Detection of STAT6 nuclear expression, which is
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Table I. Timeline of recurrence, metastasis and treatment of the present case of malignant SFT/HPC.

Year/month Diagnosis Location Treatment
2004 Fibrous meningiomas Right cerebellar tentorium Gross total resection
2015 Meningiomas (WHO 1) Left cerebellopontine angle Gross total resection
2017.2 Possibility of meningioma recurrence Upper lobe of left lung near the hilum Follow-up

2017.9 Central lung malignant tumor Upper lobe of left lung near the hilum Radiation

2017.10 Lung spindle cell tumor Upper lobe of left lung near the hilum Radiation

2017.12 SFT/HPC Lung and bilateral cerebral hemisphere Radiation

2018.1 SFT/HPC Lung and bilateral cerebral hemisphere Radiation

20184 SFT/HPC Thoracic spine and other parts of the body Radiation

SFT/HPC, solitary fibrous tumors/hemangiopericytomas; WHO, World Health Organization.

Figure 1. CT images prior to the puncture biopsy in 2017. (A) CT indicating a heterogeneously enhanced lung mass measuring up to 44x31 mm in the left upper
lobe near the hilum. The arrow indicates the lung mass. (B) Preoperative CT revealed a heterogeneously enhanced round mass measuring up to 31x21 mm in
the left thalamus. The arrow indicates the left thalamic mass. (C) CT (bone window) indicated a cavity after resecting the brain tumor and no local recurrence
(scale bar, 20 cm). The arrow indicates the cavity after resecting the brain tumor.

A

Figure 2. Hematoxylin and eosin staining of different regions of the same solitary fibrous tumor/hemangiopericytoma specimen. (A) An abundance of blood
vessels was observed in tumor tissue, with a typical ‘staghorn’ vascularization and a large number of fusiform tumor cells arranged in bundles between blood
vessels (magnification, x200). (B) HE staining indicated that sparse areas and dense areas coexisted (magnification, x100). (C) Mitotic bodies were visible

(black arrow; =5 mitoses per 10 high-power fields) (magnification, x400).

a molecular hallmark of SFTs, is recommended to confirm the
diagnosis of SFT/HPC as per the 2021 WHO guidelines (20).
SFT/HPCs are positive for CD34 and STAT6 on immunohis-
tochemistry and negative for EMA and PR. However, for all
forms of meningiomas, the opposite is true (21). When the
histology results make it difficult to distinguish between the
two, immunohistochemical examination of markers such as
STAT6, CD34, EMA and PR may be a valuable tool.

Most SFTs grow slowly, but low-grade SFTs/HPCs may
progress to higher-grade tumors (22). Of note, only a small
number of cases of malignant progression from lower-grade
SFT/HPC tumors have been reported in the literature, owing to
the lack of a comprehensive review of tumor recurrence. As in
the present case, a WHO grade II right cerebellar curtain mass
had developed into a WHO grade III left cerebellar horn mass.
Surgical resection is the treatment of choice for SFT/HPC and
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Figure 3. Immunostaining of lung puncture biopsy specimen in 2017. Immunohistochemistry indicated (A) STAT6 positivity of the tumor cell nuclei,
(B) Vimentin positivity in the tumor cells' cytoplasm, (C) CD34 positivity of tumor cell membrane and cytoplasm, (D) Bcl-2 positivity of tumor cell cytoplasm
and membrane (magnification, x200 for all, tumor cells with brownish-yellow staining are immunohistochemically positive).

gross total resection is the most important factor in tumor
management (23). However, this is technically difficult, as
most higher-grade tumors invade important surrounding
anatomical structures, such as arteries, venous sinuses and
nerves, and because the tumor has a rich blood supply, intraop-
erative bleeding frequently occurs. Preoperative embolization
of the tumor's blood supply artery has been documented in
the literature to reduce intraoperative bleeding and surgical
difficulty (24). Complete excision of the mass is superior to
incomplete excision and sub-totally removed SFTs/HPCs
may recur or continue to grow. Subtotal resection carries a
recurrence risk of up to 54%, compared to the 14% recurrence
rate of total resection. As a result, the extent of resection is
the most important predictor of SFTS/HPC recurrence. RT
positively affects patient outcomes; in particular, patients
undergoing gross total tumor resection + radiotherapy treat-
ment exhibited the best survival advantage. Recurrence and
metastasis of SFT/HPC are common and cases may progress
to advanced SFT (25). Patients with advanced SFT exhibit
a certain response to traditional chemotherapy drugs, but
there are not many options and alternative treatments for
unresectable tumors are urgently required.

In the present case, the patient had undergone partial
surgical resection of a meningioma diagnosed in 2004 and

2015, respectively. SFT/HPC lung metastases at our institution
were not surgically excised in the present case and the patient
received radiotherapy treatment in 2017. The patient died two
months later in 2018 after presenting with multiple metastases
in the thoracic spine and throughout the body. It is necessary to
be aware that recurrence and metastasis may occur even after
a lengthy period of resection treatment, up to 10 years (26-28).
The clinical course of patients with SFT/HPC is unpredictable,
as local recurrence occurs in 25-85% of cases and whole-body
metastases occur in 15-36% (29). SFT is a malignant condition
that exhibits different clinical behaviors ranging from low
to highly aggressive SFT. Malignant progression may be
just one of several mechanisms provoking recurrence and
metastasis (30). High-grade SFT/HPCs are more likely to
recur and have an unfavorable overall survival rate. Higher
histological grade and subtotal resection were associated
with recurrence, while higher histological grade and recur-
rence were associated with metastasis formation. Recurrence
was also revealed to be a risk factor for the establishment of
metastases. The most prevalent locations of distant metastasis
are the bone, liver, lung and abdominal cavity (31). Intraspinal
spread of metastases from an intracranial HPC, particularly
thoracic metastasis, is rare (32). Intracranial SFT/HPC is a
tumor with moderate to low malignancy and a long survival
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Figure 4. Immunostaining of lung puncture biopsy specimen in 2017. Immunohistochemistry indicated (A) SMA negative for tumor cells and positive for
vascular smooth muscle, (B) S-100 negative for tumor cells, (C) EMA negative for tumor cells, (D) PR negative for tumor cells (magnification, x200 for all,
brownish yellow indicates positive staining). SMA, smooth muscle actin; EMA, epithelial membrane antibody; PR, progesterone receptor.

period, and even if the tumor recurs or metastasizes distantly,
as long as it is discovered early and treated immediately, it
is possible to achieve a better outcome. Thus, therapy for
intracranial SFT/HPC should be based on surgical resection
with long-term vigilant monitoring (33). Follow-up of patients
with SFT/HPC would probably reveal new recurrences and
histological progression. The latest risk stratification model
by Demicco et al (34) is based on assessment of patient age,
mitoses/mm?, tumor size and percentage of tumor necrosis
to predict metastatic recurrences. It stratifies SFTs into low,
intermediate and high-risk categories and is more accurate in
predicting the prognosis. Therefore, it is appropriate to monitor
disease progression based on risk prediction stratification
model categories in combination with follow-up.

Intracranial SFT/HPCs are uncommon mesenchymal
neoplasms. SFT/HPCs may recur and metastasize even long
after initial treatment. In our group, a case of recurrence and
pulmonary metastasis 11 years after treatment with intracranial
primary SFT/HPC resection was encountered. It should also
be noted that SFT/HPC was previously thought to be a subtype
of meningioma (35). As the clinical features and imaging
presentation of SFT/HPC are similar to those of common
meningiomas, they are frequently difficult to recognize. Thus,
clinicians should depend on tissue biopsy and immunohisto-
chemistry to make a definitive diagnosis. Preoperative imaging

helps to clarify the diagnosis and determine the tumor grade.
STAT6 immunohistochemistry is also a valuable and sensitive
diagnostic method. Adjuvant radiation therapy is effective for
malignant tumors that cannot be completely resected (36). In
recent years, the molecular genetics of soft tissue tumors have
been developing rapidly and the new generation of molecular
tests, represented by second-generation sequencing, may not
only provide an accurate clinical diagnosis but also assist the
search for therapeutic targets in clinical research, formulate
treatment strategies, assist in determining prognosis and
provide relevant testing information for individualized and
precise treatment of patients with soft tissue tumor (37,38).
Molecular target therapy is a promising approach for unre-
sectable or metastatic SFT and an improved knowledge of the
molecular biology of the neoplasm may support such therapy in
the near future. It was reported that certain growth factors and
kinases are overexpressed in SFTs, including platelet-derived
growth factor (PDGF) o, PDGFf, PDGF receptor (PDGFR)-a,
PDGFR-f, insulin-like growth factor (IGF) 1 receptor,
epidermal growth factor receptor, vascular endothelial growth
factor (VEGF), IGFII, cellular-mesenchymal epithelial transi-
tion, c-kit, c-erbB2, phosphatase and tensin homolog deleted
on chromosome 10, phosphorylated (p)AKT, pS6, phosphory-
lated 4E-binding protein, ERBB2, FGFR1 and JAK2 (39,40).
Overexpression of these markers leads to activation of the
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Akt/mTOR pathway and appears to be associated with tumor
necrosis, targeted therapies toward the IGF signaling pathway
and the Akt/mTOR pathway is considered a candidate thera-
peutic target, whereas it was not possible to directly establish
an association with the actual clinical outcome (40). The 2021
National Comprehensive Cancer Network guidelines recom-
mend the use of four targeted agents, bevacizumab, sunitinib,
pazopanib and sorafenib, for the treatment of SFT/HPC, and
all have activity against VEGF receptor (VEGFR)-1, -2 and
-3, whose broad spectrum of targets may achieve in potential
antitumor as well as antiangiogenic effects in tumors (41-43).
Combination therapy with temozolomide and bevacizumab
appears to provide a clinical benefit (44). Pazopanib is an
anti-angiogenesis-based, small molecule, multi-targeting
agent that interferes with angiogenesis inhibitors required
for intractable tumor survival and growth, and has activity
against VEGFR-1, -2 and -3, as well as PDGFR and KIT (45).
Sorafenib inhibits the tyrosine kinases VEGFR-1, -2 and -3,
PDGFR, RET/PTC as well as the Raf/Mek/Erk pathway (46).
It is suggested that the detection of molecular targets (such
as VEGFR-1, -2 and -3, BRAF, RET and PTC) is performed
in patients with SFT, which will help to screen the potential
beneficiaries of targeted therapy and extend the survival of the
patient.
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