ONCOLOGY LETTERS 26: 505, 2023

Solitary fibrous tumor in the saddle area treated with
neuroendoscopic surgery and proton therapy:
A case report and literature review
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Abstract. Solitary fibrous tumor (SFT) of the central nervous
system is a rare fibroblastic tumor of mesenchymal origin.
SFTs in the saddle area are much less common. In January
2022, a 43-year-old female patient was admitted with SFT
3 months following partial resection of a microscopic transs-
phenoidal saddle area tumor at a different hospital. Magnetic
resonance imaging indicated that the unresected part of the
tumor was significantly enhanced on T1 enhancement, which
strongly indicated a recurrence. Subsequently, the patient
underwent transnasal endoscopic saddle area tumor resec-
tion at our hospital and the tumor was successfully removed.
By using postoperative pathology examination, immuno-
histochemical analysis of Bcl-2, cluster of differentiation
99, STAT6 and vimentin, and a fusion gene test performed
by high-throughput sequencing technology, the SFT was
definitively diagnosed. Following 3 months of follow-up, the
patient was found to have tumor recurrence in the cavernous
sinus and absence of tumor growth in the pituitary fossa.
Therefore, the patient received proton therapy and tumor
growth was controlled effectively.
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Introduction

Solitary fibrous tumors (SFTs) are considered a type of tumor
of mesenchymal origin. Hemangiopericytomas (HPCs) are
also rare mesenchymal tumors that exhibit similar clinical,
radiological and histological features to SFTs. Intracranial
SFT and HPC were initially reported by Carneiro et al (1)
and Begg and Garret (2) in 1996 and 1954, respectively.
Due to similar histological features, immunophenotype, and
the common chromosome 12ql3 inversion, nerve growth
factor-induced gene A binding protein 2 (NAB2) and STAT6
gene fusion (3), the World Health Organization (WHO) central
nervous system (CNS) classification from 2016 used the joint
diagnostic terminology ‘Solitary fibrous tumor/hemangio-
pericytoma’ to describe these disorders and classified them
into grades I, IT and IIT (4). However, the distinction between
the two types was no longer clinically significant due to the
pronounced clinical and histopathological overlap (5). The
2021 WHO classification of CNS tumors changed the previ-
ously used term ‘hemangiopericytoma’ to the term SFT (6).
SFTs comprise <1% of all primary CNS tumors (7). SFT of
the sellar/suprasellar region is even more uncommon. Patients
usually present with clinical manifestations of numbness of
limbs, headache and different local occupancy compression
effects. Tumors in the saddle area tend to cause visual field
defects and may be associated with pituitary hormone abnor-
malities due to their proximity to the pituitary gland (8). SFT in
the saddle area is frequently misdiagnosed as a pituitary tumor
or meningioma; therefore, preoperative imaging is important
for differentiation (9). The treatment of this disease is based on
surgery and postoperative adjuvant radiation therapy to reduce
recurrence. Proton therapy is a type of radiation therapy that
uses beams of protons rather than X-rays to treat cancer,
unlike traditional radiotherapy. Protons are positively charged
particles that allow precise control of the direction and the
depth of the energy release in the body, reducing damage to
surrounding normal tissues (10). In the present study, the patient
underwent two surgical procedures to achieve complete tumor
removal. Due to the proximity of the tumor to the cavernous
sinus and the presence of the III-V cranial nerve pair within
it, the patient received proton therapy to reduce the risk of
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nerve damage. At 6 months following treatment, the patient
exhibited absence of symptoms of associated nerve damage.
To the best of our knowledge, the current study reported the
first patient with saddle area SFT who received proton therapy.

Case report

A 43-year-old female patient presented at the Department of
Neurosurgery of the Affiliated Suzhou Hospital of Nanjing
Medical University (Suzhou, China) three months following
a microscopic transsphenoidal saddle area tumor partial
resection at a different hospital (January 2022). The patient
reported blurred vision in the left eye. The nervous system
examination indicated normal eye function. The first magnetic
resonance imaging (MRI) performed at the external hospital
(October 2021) indicated the presence of a solid tumor sized
20x18x15 mm in the pituitary fossa; this was confirmed by
an isodense signal on T1-weighted imaging and T2-weighted
imaging (Fig. 1). Enhanced MRI indicated enhancement of
the mass and displacement of the pituitary gland to the upper
right side. Due to the similar imaging feature to a pituitary
tumor, the lesion had been misdiagnosed as a pituitary tumor
prior to the first surgery. Subsequently, the patient received
a microscopic transsphenoidal saddle area tumor resection;
however, only part of the tumor was removed due to the rich
blood supply of the tumor and its proximity to the cavernous
sinus; intraoperative bleeding from the cavernous sinus was
apparent, making it impossible to completely resect the tumor.

The second MRI (January 2022) performed at the hospital
of the present study (the Affiliated Suzhou Hospital of Nanjing
Medical University, Suzhou, China) indicated that the tumor
grew and was significantly enlarged; it invaded bilateral
cavernous sinuses (size, 30x20x18 mm; Fig. 2). Following a
thorough evaluation of the patient's condition, a transnasal
endoscopic saddle area tumor resection was performed at the
hospital of the present study and the tumor was successfully
removed. During the operation, the right part of the tumor was
soft and could be removed by suction following spatula release;
however, the left part was firm and could not be removed by
suction; therefore, the tumor was slowly shattered with a
curette and removed with tumor removal forceps. The tumor
invaded the left cavernous sinus, which was considered to be
its origin; bleeding was apparent when the tumor was scraped.
Postoperative MRI indicated an extracted cavity with lack
of enhancement over the original tumor location, suggesting
satisfactory tumor clearance (Fig. 3).

A histopathological examination with immunohisto-
chemistry confirmed that the lesion was SFT, WHO grade II.
Under the light microscope, large numbers of typical
‘staghorn-like’ blood vessels and collagen fibroma cells could
be observed around the vessels in a wheel-like or concentric
circle arrangement, forming a dense or sparse area of cells
(Fig. 4). Immunohistochemically, the tumor cells were posi-
tive for Bcl-2, cluster of differentiation (CD)99, STAT6 and
vimentin, which was consistent with the diagnosis of SFT
(Fig. 3). The immunohistochemistry protocol was as follows:
At room temperature, formalin-fixed, paraffin-embedded
tissue sections (4 um) were placed on positively charged
slides and allowed to dry. Following the removal of paraffin,
endogenous peroxidase activity was quenched with hydrogen

peroxide in methanol, after which the sections were hydrated
with water. The tissue sections were then stained for CD99
(cat. no. GT2123), vimentin (cat. no. GM0725), STAT6
(cat. no. GT2295), Bcl-2 (cat. no. GM0887) (all prediluted by
the manufacturer, GeneTech Co., Ltd.).

Ki-67 10% suggested an unfavorable prognosis (11). The
samples were also examined at Shanghai KR Pharmtech,
Inc., Ltd. by high-throughput sequencing technology [using
transcriptome sequencing technology (RNA-seq) based
on high-throughput sequencing platform (next-generation
sequencing), the transcriptome sequences in FFPE samples
were comprehensively detected and fusion genes were screened.
Sequencing platform: Illumina NovaSeq 6000] to detect the
fusion genes. A total of 6 candidate fusion genes were detected
in this assay, including NAB2-STAT6 and STAT6-NAB2
fusion genes (Fig. 5 and Table I). The NAB2-STATG6 fusion
gene is widely considered a mutation-specific to SFT (12).

The patient recovered well following surgery without
complications. Visual acuity and the visual field condition
improved compared with those noted previously. Following
surgery, it was explained to the patient that the tumor was
recurrent and had a risk of metastasis and routine postop-
erative radiotherapy was recommended; however, the family
refused immediate radiation therapy. At 3 months following
surgery, the patient experienced photophobia in the left eye
and MRI suggested tumor recurrence in the left cavernous
sinus, in the absence of tumor growth in the pituitary fossa
(Fig. 6). Therefore, the patient was treated with proton therapy
at Shanghai Proton Heavy Ion Hospital (Shanghai, China). The
recurrent residual foci were treated with 66 Gray equivalent
(GyE)/30 fractions (Fx) and the tumor bed, surgical bed and
high-risk area were treated with 54 GyE/30Fx. The process
was satisfactory and no radiation therapy-related toxic side
effects were observed. At 3 months following the proton
therapy, the tumor had slightly receded without any growth
(Fig. 7). The patient is being continuously followed up with
three-month intervals.

Discussion

SFTs are uncommon spindle-cell neoplasms that typically
develop in the pleural cavity (13). However, SFTs have been
also gradually identified in other parts of the body, such as the
meninges (14), retroperitoneum (15), parotid gland (16), sali-
vary gland (17) and soft palate (18). SFTs are usually found
in the middle-aged population, with seemingly no differences
between genders (19). Intracranial SFTs usually indicate a
distinct dural origin and the sites of onset are more commonly
in the dura mater, such as the convexity of the brain, the
sagittal sinus, the middle fossa of the skull, the falx cerebri
and the cerebellar curtain; therefore, they are easily misdiag-
nosed as meningiomas (20). Solitary non-dural based fibrous
tumors in the brain parenchyma are rare. SFTs account for 1%
of all primary CNS tumors (21) and SFT located in the saddle
or suprasaddle area is even less common.

The clinical features of SFT in the saddle area may be
summarized as follows: In a similar way to other saddle area
tumors, these tumors often compress the pituitary gland and
pituitary stalk, resulting in clinical manifestations, such as
headache and dizziness, visual field impairment and hormonal
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Figure 1. Initial MRI performed at the external hospital (October 2021). (A) T1-MRI; (B) T2-MRI; (C) enhanced T1-MRI coronal image; lesion size,
20x18x15 mm (red arrows indicate lesion areas); (D) enhanced T1-MRI sagittal image. Red arrows indicate lesion areas.

Figure 2. Review MRI 3 months after the first surgery (January 2022). (A) T2-weighted MRI; (B) enhanced T1-weighted coronal image; lesion size,
30x20x18 mm (red arrows indicate lesion areas); (C) enhanced T1-weighted sagittal image. Red arrows indicate lesion areas.

Figure 3. MRI at 3 days after the second surgery. (A) T2-MRI (the high signal indicated by the red arrow is the fat tissue filled in the surgery). (B) Enhanced
T1-MRI coronal image indicating satisfactory tumor resection with no residual (red arrows indicate operation areas). (C) Enhanced T1-weighted sagittal image
(the red arrow indicates the pituitary).

disturbances. In the present case report, although the tumor During the initial visit of the patient to a different hospital,
occupied the pituitary fossa, the patient exhibited a lack of  she exhibited MRI T1 enhancement and absence of meningeal
pituitary hormone abnormalities and only developed blurred  tail sign. Intraoperatively, the tumor and cavernous sinus were
vision on the left side. bleeding and partial resection of the tumor was performed.
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Table I. Details of the 6 candidate fusion genes detected in this assay.

Junction 5'Gene_ 3'Gene_

Fusion name read count 5'Gene 3'Gene BreakPoint_Pos BreakPoint_Pos
NAB2-STAT6 32 NAB2 STAT6 chr12:57093598:+ chr12:57099440:-
STAT6-NAB2 8 STAT6 NAB2 chr12:57099996:- chr12:57094612:+
TOP3A-KMT2A 2 TOP3A KMT2A chr17:18297733:- chr11:118452490:+
DGKB-MIPOL1 1 DGKB MIPOL1 chr7:14283512:- chr14:37297763:+
CEP89-BRAF 1 CEPS89 BRAF chr19:32877977:- chr7:140855836:-
NTN1-ACLY 1 NTN1 ACLY chr17:9114030:+ chr17:41890556:-

Fusion name, name of the fusion gene, using -’ to separate the two genes at both ends of the breakpoint; junction read count, the number of

read segments containing fused breakpoints; 5'Gene, the name of the

gene at the 5' end of the fusion breakpoint; 3'Gene, the name of the gene

at the 3' end of the fusion breakpoint; 5‘Breakpoint/3’Breakpoint, coordinates of the original position of the breakpoint in the genome; Chr,

chromosome; pos, position.
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Figure 4. Histology and immunohistochemistry. (A) H&E (magnification, x80; scale bar, 31.25 ym); (B) Bcl-2 (+); (C) CD99 (+); (D) STAT6 (+); (E) Vimentin

(4) (scale bars, 62.5 ym).

Following 3 months, the patient's MRI T1 enhancement
indicated that the tumor was significantly enlarged and had
invaded the cavernous sinuses on both sides. The clinical
manifestations of SFT in the specific saddle area have not been
fully studied and in the clinic, it is easily misdiagnosed by
imaging alone, rendering preoperative diagnosis more diffi-
cult (22). It has been suggested that the MRI of intracranial
grade IT and grade IIT SFT exhibit specific characteristics and
the tumor indicates an apparent irregular morphology with
multiple nodules of different sizes on the surface, similar to
the ‘gathered soap bubble’ sign; a higher the grade is asso-
ciated with more irregular the morphology, more peripheral
lobulation and more significant nodule-like changes (23).

In the present study, the imaging characteristics of the
patient were not specific regarding the aforementioned
evidence and were even consistent with a pituitary tumor
presentation, leading to the initial misdiagnosis. Features
such as vascular flow-void signal, narrow basal attachment
and non-forming meningeal tail sign are of interest in the

differential diagnosis (24). He et al (25) used whole-tumor
histogram analysis of apparent diffusion coefficient (ADC)
maps to distinguish SFT from angiomatous meningioma and
mentioned that the minimum ADC (MinADC) value was
significantly negatively correlated with the cell proliferation
index and may reflect the most proliferative region of the
tumor cells. Conventional MRI combined with MinADC is an
optimal indicator of grade II and grade III SFT, which may
aid the development of a more complete surgical plan prior to
surgery.

However, clear pathological and immunohistochemical
findings remain the gold standard for diagnosing intracranial
SFTs (7). Microscopic histology of SFTs has indicated that
their tissues exhibit a proliferation of spindle cells with a
variety of growth patterns. SFTs are immunoreactive for Bcl-2
with a positive expression rate of 80-100%. CD99 is also highly
expressed in certain cases of SFT, with a positive expression rate
of 75-100% (13). In the present case report, the postoperative
pathology of the patient indicated typical ‘staghorn-like’ blood
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Figure 5. Schematic diagram of gene mapping for gene fusion.

Figure 6. MRI at 4 months after the second surgery. (A) TI-MRI and (B) enhanced T1-MRI suggest recurrence of the tumor in the left cavernous sinus (red
arrows indicate lesion areas). TI-MRI, T1-weighted MRI.

Figure 7. MRI at three months after proton therapy. (A) TI-MRI; (B) enhanced T1-MRI suggesting the tumor shrank slightly without growth (red arrows
indicate lesion areas). TI-MRI, T1-weighted MRI.
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vessels and collagen fibroma cells could be observed around
the vessels in a wheel-like or concentric circle arrangement,
forming a dense or sparse area of cells. According to immuno-
histochemical analysis, the tumor cells were positive for Bcl-2,
CD99, STAT6 and vimentin. Ki-67 levels were indicative of
the patient's unfavorable prognosis (11). Berghoff ez al (26)
reported that SFT in the CNS featured the 12q13 inversion and
a fusion of the NAB2 and STAT6 genes. The patient of the
present study was also further diagnosed by genetic testing.
Currently, no particular antibodies or specific biomarkers are
established for diagnosing this kind of tumor. Postoperative
pathological examination and immunohistochemistry may be
recommended to acquire a definite diagnosis.

Complete surgical resection is the treatment of choice,
and total resection or enlarged resection (as much as possible)
to reduce the chances of recurrence is the main purpose
of treatment for this disease. Due to the tumor's rich blood
supply, intraoperative bleeding is likely to occur, particularly
for intra-saddle HPC; this leads to a significantly increased
risk of bleeding, since the tumor invades the cavernous sinus.
Therefore, endoscopic surgical treatment is suggested, since
endoscopy has the advantages of a wide field of view, exact
hemostasis and optimal tumor resection. The patient was
treated with transnasal microscopy during the initial treatment,
and only partial resection was performed due to additional
bleeding from the left cavernous sinus.

Mena et al (27) indicated that postoperative radiotherapy
significantly improved patient survival. Certain studies have
reported that chemotherapy may prolong the survival time of
patients; however, additional evidence is required to confirm
this hypothesis (28).

In the present case report, the patient exhibited a recurrence
in the cavernous sinus 3 months later, despite two surgeries
and satisfactory resection on postoperative MRI, which indi-
cated a rapid growth rate. It was suspected that the tumor had
invaded the cavernous sinus wall and the surgery removed
only the pituitary fossa tumor; the tumor cells attached to the
cavernous sinus could not be surgically removed. However,
the association of the tumor recurrence in a short period of
time with the rich blood supply in the cavernous sinus requires
further verification. Therefore, early radiation therapy for this
tumor in the saddle area is recommended. However, the patient
refused to accept radiotherapy immediately after the surgery,
consequently resulting in the recurrence of the tumor.

Proton therapy is a type of radiation therapy that uses
beams of protons rather than X-rays to treat cancer, unlike
traditional radiotherapy. The therapeutic potential of the
depth-dose properties of protons was initially reported by
Wilson (29) in 1946. Following this study, the first patient was
treated with protons in 1954, employing the synchrocyclotron
at the University of California, Berkley (USA) (30).

Since then, with the rapid development of accelerator tech-
nology, a higher number of patients with malignant tumors are
selecting proton therapy. In addition to the advantage of the
physics of dose distribution, proton therapy has been used for
>60 years due to its low toxicity and the fact that the total dose
of radiation to the body is much less than that of photon radio-
therapy (10). Proton therapy may deliver higher radiation doses
at smaller doses compared with conventional radiotherapy
treated with the same factions, which improves the effectiveness

of treatment while reducing side effects and complications
during treatment (31). Proton therapy significantly reduces the
irradiation dose to the normal tissue surrounding the tumor
compared with photon therapy, which results in a lower likeli-
hood of normal tissue damage in patients with long-surviving
tumors, and in particular, a lower likelihood of inducing a
second primary tumor. However, proton therapy still faces
significant challenges, mainly in the following areas: a) The cost
of proton therapy is high due to limited equipment resources,
high equipment cost, complex technology and long construction
periods; b) the uncertainty of the proton beam range and of the
relative biological effects have not been fully resolved (32); c) the
current clinical evidence is relatively insufficient. Although
proton therapy has been used for nearly 80 years, only 250,000
oncology patients worldwide have received proton therapy; d) to
date, a limited number of randomized controlled trials have been
reported, confirming that the physical advantages of protons can
be successfully translated into clinical advantages (31).

The effective use of proton therapy and the fact that it is
an expensive and scarce medical resource that may be used to
benefit the patients who need it most, is a key clinical concern.
Currently, no clear and uniform methods are available to select
patients suitable for proton therapy, i.e., patient selection is often
individualized, and more commonly used methods are based on
normal tissue complication probability models, cost-effective
models, dosimetric comparisons, the use of multidisciplinary
consultation or the respect for the patient's decision on the type
of therapy they prefer to receive. In the future, it may be possible
to combine tumor markers and genetic information to select
patients suitable for proton therapy. It also may be possible to
combine tumor markers and genetic information for patient
selection; proton therapy, as part of the treatment strategy, can
be combined with chemotherapy, immunotherapy and surgery
to form an improved combined treatment plan.

In the present case report, the patient was treated with
proton therapy following a recurrence of the tumor. The patient
selected proton beam therapy based on the consideration that
it is less damaging than gamma knife or other radiation treat-
ments. To the best of our knowledge, this patient was the first
case of intracranial SFT to be treated with proton therapy.
The saddle area is close to the cavernous sinus region, which
contains several nerves and is prone to nerve damage compli-
cations following conventional radiotherapy. This patient
exhibited no significant side effects following proton therapy,
suggesting that this type of therapy is superior to conventional
radiotherapy in terms of treatment accuracy. However, due to
the small number of cases, the effectiveness of the specific
advantages of proton therapy remains to be verified.

In conclusion, SFT is a rare type of neurological tumor
that is poorly understood and is easily misdiagnosed as
meningioma in the clinic. Diagnosis must be confirmed by
routine postoperative pathology, immunohistochemistry and
fusion gene testing. Due to its low prevalence and the inad-
equate identification of SFT, the preoperative misdiagnosis
rate is high, which affects the surgical strategy. In addition,
intraoperative bleeding increases the difficulty of surgery.
Neuroendoscopy has advantages over the microscope,
including a wide field of view, exact hemostasis and optimal
tumor resection effect. The disease is prone to recurrence
and metastasis. For high-grade SFT, postoperative radiation
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therapy is highly recommended to prolong the survival time of
the patients and reduce the recurrence rate. Proton therapy can
deliver higher radiation doses at smaller doses compared with
conventional radiotherapy treatment with the same fractions,
thus improving the effectiveness of treatment while reducing
side effects and complications during treatment (31). Proton
therapy appears to have unique advantages in the treatment of
this recurrence-prone brain tumor.
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