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Abstract

Objective

Solitary fibrous tumors (SFTs) account for 0.4 % of brain tumors originating from the dura

of  the brain.  These tumors are more invasive than meningiomas and may metastasize



systemically.  The  objective  was  to  examine  the  expression  rate  of  immune-related

antibodies during the course of treatment by immunostaining the tumor tissue during the

course using pazopanib for SFT of the ear canal.

Methods

A 73-year-old woman was admitted to our department with right-sided hearing loss and a

mass in the ear canal. Pathological examination revealed that Grade III anaplastic SFT.

Immunostaining the ear canal  SFT three times–before,  after  using pazopanib,  and after

using nivolumab– we examined the expression status of p53, Ki67, PD-1, PD-L1, PD-L2,

VEGF, CD4, CD8, Her2, and EGFR in tumors. The expression status of VFGF targeted by

pazopanib and the expression status of other immune-related antibodies were compared

over time.

Results

Ki-67, PD-1, VEGF, CD8, and EGFR were all positive, but p53 was always negative. PD-L2

was  positive  before  treatment  with  pazopanib,  but  became  negative  thereafter.  PD-L1

became  negative  after  treatment  with  pazopanib,  but  became  positive  again  after

administration of nivolumab. CD4 was positive until after pazopanib administration, but then

became negative. Her2 was positive only after administration of pazopanib.

Conclusion

Expression of VFGF targeted by pazopanib was positive during the course of treatment.



The VEGF antibody was positive throughout  the course,  suggesting  that  the prognosis

could have been further prolonged if pazopanib could be administered without side effects.
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Key Clinical Message

Solitary  fibrous  tumor  generated  in  the  ear  canal  constantly  expressed  VEGF  by

immunohistochemical  staining  of  tumor  tissue  during  the  treatment  process  of

chemotherapy.  It  may support  treatment with Pazopanib,  an antitumor drug that  targets

VEGF.

Level of evidence: Level 4

Introduction

Solitary fibrous tumor (SFT) was first reported in 1930 by Klemperer and Rabin as a soft

tissue neoplasm.1 The tumor, previously known as hemangiopericytoma (HPC), was unified

into  SFT by  the  World  Health  Organization  (WHO)  2016  classification,  because  these



tumors have the same unique NAB2-STAT6 fusion.2 The new WHO classification classified

this  tumor  into  the  following  three  grades:  Grade  I  (highly  collagenous,  relatively  low-

cellularity  spindle cell  lesion previously  classified as SFT), Grade II  (more cellular,  less

collagenous tumor previously diagnosed as HPC in the central nervous system), and Grade

III  (what  was  termed  “anaplastic  HPC”  in  the  past;  diagnosed  on  the  basis  of  >  5

mitoses/10  HPF).2 SFT originates  from the  mesenchymal  tissue of  the pleura,  but  can

involve soft tissues anywhere in the body.3 Although the major features of Grade I SFTs are

low recurrence rate and systemic metastasis, Grade III SFTs have been reported to be

prone  to  metastasis,  and  the  treatment  involves  total  resection.4 There  is  no  standard

treatment  for  patients  with  advanced unresectable  tumors;  however,  anthracycline-  and

ifosfamide-based chemotherapies are widely used. pazopanib was identified through the

chemical screening of compounds to inhibit vascular endothelial growth factor (VEGF) 2, a

key mediator  of tumor angiogenesis.5 pazopanib is also effective against  advanced soft

tissue sarcoma.6 In addition, there are cases in which pazopanib has been effective for

metastatic SFT.7 Here, we describe a patient with metastatic Grade III SFT treated with

pazopanib after surgery.

Materials and Methods

Case



A 73-year-old woman presented to our otolaryngology department complaining of a recent

hearing loss in the right ear caused by a smooth surfaced painless mass located in the

external  auditory  canal.  A  gamma knife  radiosurgery  (2-division  irradiation,  19Gy)  was

performed 17 years before her first visit to our department for the treatment of right cranial

fossa  meningioma. Fourteen  years  later,  magnetic  resonance  imaging  (MRI)  revealed

recurrence. Gamma knife radiosurgery (14 Gy) was performed two more times, and the

patient was followed up. She was referred to our department because of right-sided hearing

loss and a mass filling the right external auditory meatus (Fig 1-1, Fig 1-2). The symptoms

had commenced approximately 2–3 months prior the visit, including tinnitus and a slow-

growing mass at the middle ear to the auditory canal level. MRI showed a low signal on T1-

weighted image (T1WI) of 28×10 mm and a high signal on T2-weighted image (T2WI) in

the  right  external  auditory  meatus,  and  a  tumor  with  non-uniform  contrast  effect  was

observed  (Fig  2-1,  Fig  2-2).  Computed  tomography  showed  bone  destruction  of  the

foramen ovale,  spinous foramen,  and carotid  canal  (Fig 2-3).  An ear canal  biopsy was

performed,  and  the  diagnosis  was  likely  malignant.  The  patient  was  admitted  to  our

department for surgery and a definitive diagnosis. Resection of the right external ear canal

tumor  was  performed. Intraoperative  findings  showed  an  increase  in  the  tumor  size

compared  to  the  initial  diagnosis,  and  it  was  difficult  to  completely  excise  the  tumor



because it  continued up to the middle fossa. On pathological  examination of the tissue

excised by surgery,  STAT6, CD99,  bcl-2,  and vimentin  were positive,  and H/E staining

showed nine cell divisions in 10 fields and more than five cells. Thus, it was diagnosed as

SFT Grade III (Fig 3). After the tumor was confirmed, a postoperative cyber knife treatment

(40 Gy + 40 Gy) was performed. One year after surgery, bilateral lung metastases were

observed; therefore, right lung partial resection and left lower lobectomy were performed at

our department of respiratory surgery. The pathology reports confirmed the diagnosis of

metastatic SFTs. 

One month  later,  MRI  showed an increase in  the  right  ear  canal  tumor  (Fig  4-1),  and

chemotherapy  with  cetuximab plus  cisplatin  (CDDP)/5-Fluorouracil  (5-FU)  was initiated.

MRI  showed  tumor  growth  after  10  courses  of  cetuximab;  therefore,  we  switched  to

pazopanib treatment (Fig 4-2). Pazopanib was started at a standard dose of 800 mg/day.

Three  weeks  after  starting  the  treatment,  thrombocytopenia  was  observed,  and  oral

administration was discontinued. Shortly thereafter, side effects such as hypertension and

liver dysfunction were observed. After receiving targeted therapy, the patient resumed oral

therapy  of  400  mg/day  2  months  after  her  symptoms  subsided,  but  thrombocytopenia

recurred, and the dose was reduced to 200 mg/day. Although there were no side effects for

4 months,  malaise was observed after  resuming the treatment,  and administration was



deferred  every  other  week. An  MRI  evaluation  3  months  after  the  start  of  pazopanib

showed that some portions of the tumor had shrunk (Fig 5-1, Fig 5-2). While the irregular

mass in the external auditory meatus had decreased in size, the lesion extending from the

left jugular vein to the sinusoidal sinus had increased, and the tumor extending from the

right mid-cranial fossa to the foramen ovale to the outside of the skull had also increased.

There were some side effects, and we were forced to reduce the dose of pazopanib. An

MRI 6 months  after  the start  showed further  tumor  growth (Fig  5-3).  The dosage was

changed every other day and oral administration was continued until 7 months later. Due to

side effects  and tumor  growth,  oral  administration  of  pazopanib  was discontinued.  The

patient  was then treated  with  nivolumab for  four  courses;  however,  this  treatment  was

discontinued  because MRI showed further  tumor  growth  2 months  later  (Fig  6-1).  The

tumor increased further in size and the tumor bleeding and fatigue worsened (Fig 6-2). She

died a month later.

Immunohistochemical study

For  immunostaining,  the  tissue  samples  were  dehydrated  through  a  graded  series  of

ethanol, cleared in xylene, and embedded in paraffin. Serial paraffin sections (6-μm-thick)

of tumor samples were prepared. After deparaffinization, the specimens were treated with



3% H2O2 for 20 min at room temperature (approximately 20 °C). Sections were treated with

5% normal goat serum in PBS for 30 min and then incubated with a rabbit  anti-human

antibody, diluted 1:1000 in 1% BSA–PBS, for 12 h at room temperature. After the sections

were  rinsed  with  PBS,  they  were  incubated  with  ABC  reagent  (Vector  Laboratories,

Burlingame, CA, USA) for 1 h and developed in 0.05% 3,3-diaminobenzidine with 0.01%

H2O2 substrate medium in 0.1 M phosphate buffer for 8 min. Regarding the expression of

immunostaining,  positive and negative judgments were made according to the following

criteria: 

Immunostaining diagnostic criteria

Epidermal growth factor receptor (EGFR): It is positive when staining is observed on the

cell  membrane  of  tumor  cells  (based  on  the  EGFR  staining  determination  method  in

colorectal cancer tissue)8

Her2: Conformance to ASCO/CAP HER-2 guidelines for breast cancer and a positivity rate

of 3+ or more 9

p53: Positivity rates of 1% or more based on Zhang H's report on rectal cancer10

Ki-67 (MIB-1): Positivity rates (Ki-67 labeling index) of 20% or more per 500 tumor cells11

Programmed cell death 1 (PD-1): Positivity rates of >8% based on Konishi et al.’s report for

lung cancer12



Programmed cell death-ligand 1 (PD-L1): Positivity rates of 5% or more according to the

PD-L1 staining judgment manual of Dako13

Programmed cell death-ligand 2 (PD-L2): Based on the report by Yearly et al., divided into

five stages: 0=negative, 5=very high, and positivity rates of 3 or more14

CD4, CD8: Positive if there are 100 T cells expressing CD4 per 1000 cells15

VEGF: Nayak S, et al. reported that positive if 25% or more of VEGF is expressed in tumor

cells16

Results

Immunohistological analysis

P53 (tumor suppressor gene) was negative at all time points. Ki67 was positive, but the

expression was slightly weaker after treatment with pazopanib. All samples were positive

for PD-1, a type of immune checkpoint receptor on the surface of cytotoxic T cells. PD-L1

and  PD-L2  became  negative  after  pazopanib  treatment.  VEGF,  that  is  affected  by

pazopanib, was positive in all tissues. CD4 and CD8 were positive in many tissues due to

the activation of immune cells against cancer. Many samples were negative for Her2, and a

positive finding was seen only after using pazopanib. EGFR was found to be positive, as in

many cases of head and neck cancer. Cetuximab was used because the tumor was EGFR

positive,  but  the  tumor  growth  was  stimulated  by  the  treatment  and  the  expression



increased (Fig 7-1, Fig 7-2).

Discussion

The WHO states that the histological appearance and clinical behavior of SFTs and HPCs

are similar, and this is a widely shared view.17 Currently, the word HPC was integrated into

the  disease  concept  of  SFT.  Histological  diagnosis,  especially  by  immunostaining,  is

important for the definite diagnosis of SFTs. On histopathological examination SFT shows

irregularly arranged oval to spindle-shaped cells , and several slit-shaped vascular cavities

called “staghorn” are recognized.18 The fact that 90–95% of SFTs are CD34 positive on

immunohistochemical analysis is particularly useful for differential diagnosis.19 In addition,

bcl-2 and MIC-2 (CD99) are also frequently positive, and have the molecular genetically

specific fusion gene NAB2-STAT6, and STAT6 strongly expressed in the nucleus.20,  21 In

this case, as STAT6, CD34, bcl-2, CD99, and STAT-6 were positive, SFT was diagnosed.

Moreover, as a criterion for malignancy, four or more mitotic divisions in 10 visual fields

should be observed under a microscope.22 In this case, 9 or more mitotic divisions were

observed in 10 visual fields; therefore, a diagnosis of Grade III SFT was made. 

Pazopanib is  a multi-kinase inhibitor  that  inhibits  VEGFR, platelet-derived growth factor

receptor, and hepatocyte factor receptor (c-kit). VEGF is found in many types of malignant



soft tissue tumors, and pazopanib acts on VEGFR to suppress the survival and growth of

cancer cells.23 In Japan, it was approved in September 2012 for the treatment of malignant

soft tissue tumors. In a phase 3 trial (PALETTE) in patients with advanced malignant soft

tissue  tumors  who  had  progressed  on  standard  therapy,  pazopanib  extended  the

progression-free survival  by about  3 months  (4.6 months  vs.  1.5 months)  compared to

placebo.24 Serious side effects include liver dysfunction, high blood pressure, bleeding, and

thrombocytopenia.25 Targeted  therapy  such  as  drug  withdrawal,  dose  reduction,

administration of antihypertensive agents, and hemostatic treatment are performed. In the

present  case,  thrombocytopenia became the biggest  complication,  and general  malaise

became stronger thereafter. Therefore, the dosage was reduced and treatment continued.

Pazopanib  administration  lasted  for  7  months;  however,  if  the  adverse  reactions  were

controllable, the prognosis could have been extended. 

Immunohistochemical studies were performed three times during the course of the illness

to examine the reactivity  of  the  tumor  to  chemotherapy.  Tissues were collected  during

surgery  before  using  pazopanib,  after  using  pazopanib,  and  after  using  nivolumab.

Expression of p53, a typical tumor suppressor gene,26 was suppressed in all three samples.

Ki67, a cell cycle-related nuclear protein, is a marker for cell proliferation and cell cycle, and

for detecting proliferating cells in tumor tissue.27 At every time point, tissues were positive



for PD-1, a type of immune checkpoint receptor on the surface of cytotoxic T cells.28 PD-L1

and PD-L2, expressed on the surface of cancer cells by the ligand,28 became negative after

treatment  with  pazopanib.  VEGF,  which  is  also  involved  in  the  process  of  malignant

transformation such as tumor angiogenesis and metastasis,29 was detected in all tissues.

CD4 and CD8 were positive in several tissues due to the activation of immune cells against

cancer.30,31 With  regard  to  CD4  after  nivolumab  treatment,  it  is  presumed  that

immunocompetence was weakened as the tumor continued to increase in size. Her2 is a

non-ligand  binding  member  of  the  EGFR  family  and  exerts  its  activity  through

heterodimerization  with  other  family  members.  Functional  activation  of  Her2  promotes

carcinogenesis,  leading  to  the  investigation  of  Her2-directed  drugs  in  Her2-altered

cancers.32 The first two samples were negative for Her2, but the third sample, after using

pazopanib was positive. EGFR is also found in many cases of head and neck cancer,33 and

all the samples were positive for this biomarker. We used Cetuximab because the tumor

was EGFR positive; however, the actual effect was poor, and the results were stimulated

by  the  treatment  and  the  expression  increased.  SFT  presents  the  possibility  of

angiogenesis inhibitor treatment, due to the activation of T cells such as CD4 and CD8. 34 In

addition, it has been reported that three patients who received pazopanib for metastatic

HPC had tumor shrinkage  ˃30%, survival  ˃5 months, and stable disease  ˃8 months of



treatment.35 In our case, we used pazopanib for HPC and confirmed stable disease for at

least 4 months. However, we continued to reduce the dose due to the appearance of side

effects, which may have led to an increase in the tumor size. 

Conclusion

In conclusion, we report a case of SFT in the ear canal after treatment of a meningioma in

the middle fossa. This is the first report to examine the induction of immune cells in SFTs

during  the  course of  pazopanib  treatment.  Although  pazopanib  was used for  SFT and

prognosis was prolonged for approximately 4 months, tumor growth was observed because

of  dose  reduction  due  to  side  effects.  The  immunostaining  of  SFT  revealed  that  the

expression rate of immune-related antibodies changed over time, and we considered that

pazopanib was effective; however VEGF was always expressed. Since it is said that VEGF

expression is basically high in the head and neck, pazopanib, which is a VEGF antibody,

may be effective regardless of the type of cancer. 36  There are also reports on the use of

pazopanib as the first-line treatment for SFTs.37 In the future, pazopanib may be used as

the first-line treatment for SFTs, and the indication may be expanded to the head and neck

malignancy in addition to soft tissue tumors.
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Figure 1-1: White, elastic, and soft mass occupying the right ear canal.



Figure 1-2: A pure tone hearing test shows a mild sensorineural threshold increase in the

left ear and an advanced conductive deafness with an average threshold of 100 dB in the

right ear.

Figure 2-1, 2-2: In the right external auditory meatus, T1WI low signal (Fig 2-1) and a T2WI

high signal shows a TWI 28×10 mm tumor lesion with non-uniform contrast effect (Fig 2-2).

Figure 2-3: A lesion of 18×25 mm is observed from the base of the middle fossa to the

external auditory meatus and the opening of foramen ovale. Note the destruction of bone

around the foramen ovale, spinous foramen, and carotid canal.

Figure 3

CD34(-), STAT6(+), CD99(+), bcl-2(+), vimentin (+), and hematoxylin-eosin staining shows

a large number of cell  divisions (9 cell  divisions/HPF).  The diagnosis is Solitary fibrous

tumor, Grade III.

Figure  4-1:  One  month  after  two  cyber  knife  surgeries  were  performed,  magnetic

resonance  imaging  shows  a  tendency  for  tumor  growth  from the  middle  fossa  to  the



external auditory meatus.

Figure  4-2:  Further  tumor  growth  is  observed on magnetic  resonance imaging  after  10

courses of Cetuximab.

Figure 5-1: Magnetic resonance imaging before using pazopanib.

Figure 5-2: A magnetic resonance image 3 months after the start of pazopanib shows an

increase in the tumor mass from the right middle cranial fossa to the foramen ovale, but the

irregular mass in the external auditory meatus has decreased.

Figure 5-3: A further tumor growth is observed on magnetic resonance imaging 6 months

after starting the treatment, when the dose of pazopanib has been reduced due to side

effects.

Figure 6-1: After four courses of nivolumab treatment, magnetic resonance imaging shows

further tumor growth.

Figure 6-2: The tumor has significantly increased from the ear canal to the outside and



shows a tendency to bleed.

Figure 7-1: The upper row shows immunostaining findings of solitary fibrous tumor tissue

before pazopanib treatment, the middle row after pazopanib treatment, and the lower row

after nivolumab treatment.

Figure  7-2:  The  positive  and  negative  immunostaining  findings  during  the  course  are

tabulated.  Ki-67,  programmed  cell  death-ligand  1  (PD-L1),  vascular  endothelial  growth

factor (VEGF), CD8, and epidermal growth factor receptor (EGFR) are all positive, but p53

is  negative.  PD-L2  is  positive  before  treatment  with  pazopanib,  but  becomes  negative

thereafter.  PD-L1 becomes negative once after  treatment with pazopanib,  but  becomes

positive  after  administration  of  nivolumab.  CD4  is  positive  until  after  pazopanib

administration,  but  then becomes negative.  Her2 is  positive only  after  administration  of

pazopanib.
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