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A giant breast malignant solitary fibrous tumor:
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Abstract. Solitary fibrous tumors (SFTs), which were first
identified in the pleura and later at multiple anatomical loca-
tions, are rare mesenchymal neoplasms. The characteristics of
SFTs include well-circumscribed margins, intense vascularity
and a relatively indolent clinical course. SFTs originating
from the breast are rare. To the best of our knowledge, only
33 cases of breast SFTs, including five malignant tumors,
have been reported to date. In the present study, a rare case
of complete resection of a giant malignant SFT is reported.
A 48-year-old female patient who visited Weifang People's
Hospital (Weifang, China) had a 2-year history of a right
palpable breast lesion. The patient reported no other symp-
toms, such as skin changes or nipple discharge. An ultrasound
examination revealed a giant, well-circumscribed, heteroge-
neous and hypoechoic lesion with central and peripheral blood
flow. Owing to the large size of the lesion, mammography and
magnetic resonance imaging were not feasible. Core needle
biology showed that the lesion was a malignant spindle cell
tumor. Following this, mastectomy and sentinel lymph node
biopsy were performed. The sentinel lymph nodes exhibited
metastasis. A definitive diagnosis of malignant SFT was made
by microscopic examination with immunohistochemistry. The
treatment strategy for benign breast SFTs should be complete
surgical excision, whereas for malignant SFTs, it should
include radical resection along with radiotherapy and chemo-
therapy. Owing to the indolent nature and late recurrence and
metastasis of malignant breast SFTs, regular patient follow-up
for a longer duration is essential.
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Introduction

A solitary fibrous tumor (SFT) is a rare soft-tissue tumor
of mesenchymal origin (1). The reported incidence rate is
<0.1/100,000 individuals/year (2). First recognized in the
pleura (1), with gross and histological features that overlap
with numerous other soft-tissue tumors, SFT was previously
referred to by several other names, including pleural fibroma,
benign mesothelioma, hemangiopericytoma, localized fibrous
tumor and subserosal fibroma (3). SFT is now recognized
to occur at all anatomical sites and comprises a histological
spectrum, ranging from hypocellular fibrous SFT, to hypercel-
lular tumors previously recognized as hemangiopericytoma,
to anaplastic SFT with frank sarcomatous transformation (3).
Historically, SFTs are divided into three categories: i) Benign
(local disease); ii) not otherwise specified (rarely metastasize);
and iii) malignant (4). The traditional criteria for malignant
SFTs include a mitotic rate of =4 per 10 high-power fields
(HPFs), pleomorphism, necrosis and a large tumor size (5).
The diagnosis of an SFT is established by the conjunction of
clinical, pathological, immunohistochemical and molecular
features.

The treatment strategy of SFTs depends on the historical
type (3). For the benign and not otherwise specified SFTs, the
best treatment method is complete surgical excision. Complete
en bloc surgical resection with negative margins (RO0) is the
gold-standard treatment for malignant SFT. If the surgery
could not achieve an RO resection due to anatomical site, then
adjuvant radiotherapy and chemotherapy could give a favor-
able long-term outcome.

To date, only 33 cases of breast SFTs, including 5 malig-
nant tumors, have been reported (6). In the present report, a
rare case of a 48-year-old female patient with a large tumor
confirmed to be a malignant SFT is reported. A brief literature
review is also presented.

Case report

A 48-year-old female patient visited Weifang People's Hospital
(Weifang, China) in September 2021 with the complaint of
a mass in the right breast that had expanded rapidly in the
preceding 2 years. The patient had no family history of breast
and ovarian cancer, and denied any chronic diseases, including
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malignancies of other tissues. The patient accidentally found
a small nodule in the right upper outer quadrant measuring
2x2 c¢cm? ~2 years ago. The nodule grew rapidly and occupied
almost the entire left breast when the patient visited the breast
clinic of Weifang People's Hospital.

Physical examination revealed a giant hard mass
(~25x25x10 cm). The lesion occupied the entire right breast
without skin retraction or other skin alterations. Nipple
discharge and palpable axillary or supraclavicular lymph
nodes were not observed. The liver [glutamic-pyruvic trans-
aminase, 16 U/l (normal range, 0-40 U/1); glutamic oxalacetic
transaminase, 15 U/l (normal range, 0-40 U/1)] and kidney
[creatinine, 56 pmol/l (normal range, 41-81 pmol/1)] functions
were normal, and the serum tumor marker levels were within
the normal range [carcinoembryonic antigen, 0.70 ng/ml
(normal range, 0-5 ng/ml); carbohydrate antigen 153,6.25 U/ml
(normal range, 0-19 U/ml]. Breast ultrasonography revealed
a giant, well-circumscribed, heterogeneous and hypoechoic
lesion with central and peripheral blood flow (Fig. 1A). The
diameter of the lesion was not measured using breast ultra-
sonography due to its size. Computed tomography revealed a
large heterogeneous tumor of ~25x25x10 cm in the right breast
(Fig. 1B). Mammography and magnetic resonance imaging
were not performed, as the lesion was too large.

To prepare a surgical plan, a core needle biopsy was
performed. The pathological results indicated a malignant
spindle cell tumor. The patient underwent mastectomy and
intraoperative sentinel lymph node biopsy. The results of the
intraoperative frozen section examination for sentinel lymph
nodes showed no metastasis. Therefore, axillary lymph node
dissection, epidermization or autologous breast reconstruction
was not performed on the patient.

In brief, the resected tumor measured 25x20x8 cm and
occupied almost the entire right breast (Fig. 2A). The cut
surface of the tumor was white-gray in color and exhibited
cystic degeneration (Fig. 2B). Specimens were fixed with
4% formalin at room temperature for 12 h, embedded in
paraffin, cut into 4-ym sections, stained for 5 min at room
temperature with hematoxylin and eosin, and observed under
a light microscope (Nikon Corporation). As observed under
the light microscope with x200 magnification, the lesion
had a well-defined, fibrous capsule and focally infiltrated
the surrounding adipose tissue (Fig. 3A). Necrotic tissue and
hemorrhage were identified in some areas (Fig. 3B). The tumor
showed a patternless architecture characterized by alternating
hypercellular and hypocellular areas (Fig. 3C). In the hypercel-
lular area, ovoid spindle-shaped tumor cells were surrounded
by branching and staghorn vasculature (Fig. 3D). Under x400
magnification, relatively greater mitotic activity (6 mitoses in
every 10 HPFs) was observed (Fig. 3E).

For immunohistochemical (IHC) staining, the tissue
was fixed with 4% neutral formalin at room temperature
for 12 h, then embedded in paraffin, cut into 4-ym sections
and sealed with 3% hydrogen peroxide at room temperature
for 10 min. Antigen retrieval was performed with EDTA
at 100°C for 2.5 min, followed by washing with PBS. Primary
antibody incubation was performed at 37°C for 60 min and
secondary antibody incubation at 37°C for 20 min. The
primary antibodies were purchased from Beyotime Institute of
Biotechnology. The following primary antibodies were used:

CD34 (cat. no. AG1463; 1:100), Bcl-2 (cat. no. AG1222; 1:100),
[B-catenin (cat. no. AF0069; 1:100), STAT6 (cat. no. AF1534;
1:100), desmin (cat. no. AF1414; 1:100), S-100 (cat. no. AF1945;
1:100), p63 (cat. no. AF1993; 1:100), smooth muscle actin
(cat. no, AF1507; 1:100) and Ki-67 (cat. no. AF1738; 1:100).
Biotinylated Goat anti-Mouse and -Rabbit secondary anti-
bodies were obtained from OriGene Technologies, Inc.
(cat. no. PV-6000; 1:500). Finally, sections were stained with
DAB at room temperature for 5 min, counterstained with
hematoxylin at room temperature for 5 min and observed
under a Nikon light microscope (Nikon Corporation). THC
staining revealed that the tumor cells were CD34" (Fig. 4A),
Bcl-2* (Fig. 4B), p-catenin* (Fig. 4C) and STAT6* (Fig. 4D),
but desmin’ (Fig. 4E), S-100" (Fig. 4F), p63 (Fig. 4G), and
smooth muscle actin™ (Fig. 4H). The Ki67 labeling index was
10% (Fig. 41).

Based on the findings of a hypercellular lesion with a high
mitotic index, infiltrating margins and tissue necrosis, and the
THC results, the final histological diagnosis of the tumor was
malignant SFT.

Owing to the scarcity of evidence on the benefits of chemo-
therapy and radiotherapy for malignant breast SFTs, further
treatments were not performed. That patient underwent regular
medical follow-up every 3 months; however, no evidence of
local recurrence or metastasis was observed 1 year after the
resection.

Discussion

Due to the low morbidity of SFTs, data on breast SFTs are
primarily available from case reports. In the present study, the
advances in the understanding of SFTs, including SFT location
in the breast, epidemiology, histology, molecular techniques
used for diagnosis, presentation and therapeutic strategy are
discussed.

An SFT is a rare mesenchymal tumor, and the reported
incidence rate is <0.1/100,000 individuals/year (2). The
precise incidence rate of breast SFTs is difficult to illustrate.
Breast SFTs appear to be more common in female (24 cases)
than male (9 cases) patients, whereas in the pleura and central
nervous system SFTs have similar distribution between male
and female patients (6). This difference may be attributed to
the specific epicenter of SFTs. Breast SFTs have been diag-
nosed in adults ranging between 38-88 years old, and are most
commonly diagnosed in patients in their 50 to 70s (7). Neither
environmental nor hereditary factors have been shown to
increase the incidence rate of SFTs.

SFTs are often slow-growing tumors, and are frequently
diagnosed based on incidental radiological or accidental
findings of painless palpable masses of varying sizes (range,
0.6-10 cm) (6). Pain, nipple discharge or enlarged regional
lymph nodes are usually not observed in patients with SFTs (7).
Ultrasound examination and mammography are the most
common auxiliary examinations. On ultrasound, SFTs appear
to be oval or lobulated, well-defined hypoechoic lesions with
central and peripheral vascularity. Mammography usually
reveals a high-density round or oval mass with well-defined
borders without calcification. The categorization according
to the Breast Imaging-Reporting and Data System (8) was
primarily category 2-4A using ultrasound and category 3-4A
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Figure 1. Ultrasonography and CT expression of the breast solitary fibrous tumor. (A) Ultrasonography revealing a giant, well-circumscribed, heterogeneous
and hypoechoic lesion with central and peripheral blood flow. (B) CT showing a giant heterogeneous lesion in the right breast. CT, computed tomography.

Figure 2. Gross appearance of the malignant solitary fibrous tumor. (A) The tumor occupied almost the entirety of the right breast (length of sponge forceps,
25 cm). (B) The cut surface of the tumor was white-gray with a well-circumscribed border and cystic degeneration.

using mammography, which both indicated a <10% chance of
malignancy. Magnetic resonance imaging generally shows a
well-circumscribed oval tumor with geographic enhancement,
and the time-intensity curve usually shows a rapid-plateau
pattern (9). In addition, few patients with SFTs (<5%) have
Doege-Potter syndrome, and exhibit refractory hypoglycemic
syndrome owing to the overproduction of insulin-like growth
factor-2 by large peritoneal or pleural SFTs (3). Paraneoplastic
syndrome has not been observed in SFTs of the breast likely
due to the rarity of the condition.

Based on its gross appearance, a breast SFT is a
well-circumscribed, lobulated solid mass with or without
hemorrhage and necrosis (3). Histological characteristics
include the following: i) A mass composed of spindle cells
arranged in a disorderly pattern accompanying the alteration
of hypocellular and hypercellular areas; ii) a low mitotic count
and the typical absence of tumor necrosis and nuclear pleomor-
phism; and iii) presence of characteristic branching staghorn
vasculature, but mostly inconspicuous or altered by stromal
hyalinization (3). The aforementioned histopathological

patterns are not specific to SFTs, and the patterns cannot be
used to distinguish SFTs from other mesenchymal tumors,
including fibromatosis, inflammatory myofibroblastic tumors,
reactive spindle cell nodules, nodular fasciitis, fibrosarcoma,
spindle cell metaplastic carcinoma and myoepithelioma.
Therefore, IHC analysis is necessary for a definitive diagnosis.

Immunohistochemically, CD34, nuclear B-catenin and
Bcl-2 are the most consistent markers in breast SFTs. The sensi-
tivity range of nuclear 3-catenin expression is 33-40% (10,11).
Although the sensitivities of CD34 and Bcl-2 in breast SFTs
are >95%, these markers lack specificity, and positive staining
results are limited in mesenchymal tumors, including myofi-
broblastomas and spindle cell lipomas (3,4). In addition, actin,
desmin and smooth muscle actin are not expressed in breast
SFTs (3.4).

Along with the development of molecular techniques, detec-
tion of NAB2-STAT®6 fusion, the defining driver mutation, is
possible (12-14). However, the sensitivity of the NAB2-STAT6
fusion varies in different studies (range, 55-100%) depending
on the molecular techniques used, including next-generation
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Figure 3. Hematoxylin and eosin staining of the malignant breast solitary fibrous tumor. (A) Well-defined, fibrous capsule and focal infiltration into the
surrounding adipose tissue (black arrow). (B) Necrosis (black arrow) and hemorrhage (*) in the tumor tissue. (C) Alternation of hypercellular (black arrow) and
hypocellular (*) areas. (D) Staghorn-like branching blood vessels (black arrow). (E) Pleomorphic tumor cells with increased mitotic figures in the hypercel-
lular area (black arrow). (A-D) Light microscope; magnification, x200; scale bar, 200 ym. (E) Light microscope; magnification, x400; scale bar, 50 ym.

sequencing, fluorescence in situ hybridization probing and
reverse transcription PCR (15,16). The varying sensitivity may
be attributed to the small size of the chromosomal inversion,
which is not detected by most break-apart clinical fluores-
cence in situ hybridization probes or multiple breakpoints
of NAB2-STAT6, with multiplex PCR being required for
ensuring accuracy (3). Therefore, NAB2-STATG6 fusion is not
required for the diagnosis of an SFT.

STAT6 is another important marker of an SFT. Previous
studies have shown that a nuclear C-terminus of STAT6
(as observed by IHC staining) can lead to good diagnostic
performance, with sensitivity and specificity of 98 and >85%,
respectively, for SFTs (17,18). In addition, positive nuclear
STAT6 immunoreactivities were observed in all cases (3/3)
of breast SFT, whereas in other spindle cell lesions, such as
myofibroblastomas, desmoid-type fibromatosis, spindle cell
metaplastic carcinomas, benign fibroblastic spindle cell tumors
and pseudoangiomatous stromal hyperplasias, the expression
of the C-terminal region of STAT6 was only focal, and weak
cytoplasmic staining was observed (19). Therefore, in a clinical
study, STAT6 THC staining may be a reliable surrogate for the
detection of the NAB2-STAG6 fusion gene (20).

SFTs are divided into 3 categories: i) Benign (local
disease); ii) not otherwise specified (rarely metastasis); and
iii) malignant (4). The traditional criteria for malignant SFT
include a mitotic rate of =4 per 10 HPFs, pleomorphism,
necrosis and large tumor size (5). However, other risk factors,
such as age and history of adjuvant radiation therapy have been
shown to be related to metastasis and recurrence in patients
with SFTs. These risk factors are integral, and no single factor
has a predictive value for metastasis or recurrence. Therefore,
multivariable models have been constructed for predicting
metastasis, overall survival (OS) and progression-free survival
(PFS) in patients with SFTs.

The Demicco Score, which incorporates mitotic activity,
patient age and tumor size to predict the risk of metastasis, is
the most used and validated system for the risk stratification
of non-meningeal SFTs (21). The modified Demicco Score
(developed in 2017) adds tumor necrosis to the previously
included risk factors, yielding a total score of 7. Based on
this, SFTs can be divided into three groups according to the
modified Demicco score: Low-, intermediate- and high-risk
SFTs (22). The modified Demicco Score was primarily used
to predict the metastasis of soft-tissue and pleural SFTs,
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Figure 4. Immunohistochemical analysis of the SFT markers. (A) CD34, (B) Bcl-2, (C) f-catenin (D) STAT6, (E) desmin, (F) S-100, (G) p63 and (H) smooth
muscle actin. (I) The Ki-67 index of the SFT was 10%. Light microscope; magnification x200; scale bar, 100 ym. SFT, solitary fibrous tumor.

and may help improve the treatment strategy for high-risk
SFTs (22). However, the use of the modified Demicco score
in predicting local recurrence has not been demonstrated.
Therefore, other models should be used for predicting local
recurrence. The Salas score system (23), developed by the

French Sarcoma Group, is a frequently used model for
predicting local recurrence in SFT. The risk factors include
patient age, site and history of radiotherapy. Patients with
SFT were divided into four groups according to the Salas
score: Low-, intermediate- and high-risk SFTs (23). However,
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there are no specific risk models for breast SFTs owing to the
paucity of incidence.

Due to the low incidence of SFTs and the paucity of
randomized control trials on this tumor type, the treatment
strategy varies according to the tumor location. Therefore,
multidisciplinary teams consisting of clinical and radiation
oncologists, surgeons and pathologists are formed to deter-
mine the best individualized therapeutic strategy.

Complete en-bloc surgical resection is the mainstay of
SFT treatment, including breast SFT treatment. Similar to the
treatment approach followed for primary SFTs in other loca-
tions, the goal of surgical management is to resect the tumor
and obtain adequate negative margins. Concurrently, surgical
management can help preserve critical surrounding organs.
According to previous case reports (6,24), 31/33 patients
(93.9%) underwent complete surgical resection and showed a
negative margin, whereas 2 patients underwent mastectomy
during the primary surgery. However, despite RO margins,
2 patients (6.3%) with breast SFTs showed recurrence and
required a second surgery; one malignant tumor was removed
using mastectomy and a second benign tumor was resected
with a negative margin (24,25). The 5- and 10-year OS rates
of re-resection in cases of local recurrence were 86 and 77%,
respectively (26). Therefore, complete surgical resection is the
primary approach in breast SFTs, with procedures similar to
those used in other breast surgeries.

Radiotherapy has not been performed for breast SFTs to
date. However, adjuvant radiotherapy was shown to reduce
the local recurrence of high-risk SFTs in other locations,
including pleural, intracranial and spinal locations, according
to the Salas score system (27). Nevertheless, local recurrence
control in response to adjuvant therapy did not lead to an
improvement in OS (27). For patients with locally advanced or
metastatic SFTs, definitive radiotherapy yielded an objective
response rate (ORR) of 67% (28). Therefore, radiotherapy was
a supplementary treatment to surgery, especially in patients
with high-risk local recurrence and metastatic breast SFTs.

Evidence supporting the use of adjuvant chemotherapy or
neoadjuvant chemotherapy for treating breast SFTs is yet to be
reported. Some retrospective studies (29-32) assessed the effec-
tiveness of adjuvant chemotherapy with a doxorubicin-based
regimen or anthracycline-based regimen in SFTs in the pleura,
pelvis, meninges, limb, visceral organs, spine, peritoneum and
mediastinum. The effectiveness of chemotherapy varied, and
most studies reported a low to questionable ORR (29,30,32).
Chemotherapy may be suitable for unresectable lung metastases
or extrapulmonary metastatic disease; however, a standard
chemical drug regimen has not been established. According to
results from small case series and retrospective studies (29-33),
an anthracycline-based regimen yielded an ORR range of
0-20%, and the stable disease range was 26-65%, with a mPFS
range of 4-5.2 months and a mOS range of 11.5-14.6 months.
Other drugs such as ifosfamide and trabectedin are effective
for metastatic SFTs (34,35). Even in the absence of a formal
gold standard, anthracycline is the first-line therapy, followed
by ifosfamide and dacarbazine as second-line therapeutics for
patients with metastatic SFTs, including breast SFTs.

Owing to the low effectiveness of chemotherapy, some
targeted therapeutic drugs for metastatic SFTS have been
studied (36-39). The inhibition of angiogenesis pathways using

the antiangiogenic agents sunitinib, sorafenib and pazopanib
may be a suitable alternative therapeutic method for inhibiting
tumor metastasis (37-39). According to findings from previous
phase I and phase II trials, the ORR range was 0-87% with
a mPFS range of 4.7-9.7 months when antiangiogenic agents
were used for treatment (37-39). Based on these results,
antiangiogenic agents are prescribed in subsequent treat-
ments if chemotherapy resistance is observed in patients with
metastatic SFT.

Owing to late relapse of 10-20 years after initial presen-
tation (40,41), continued long-term follow-up is essential for
SFTs, including breast SFTs, after surgical resection due to
the indolent nature and the potential for the late recurrence
of SFTs (40,41). Regular surveillance can help identify local
recurrence and metastatic disease at an early stage and assist
with receipt of early therapy. According to previous case
reports, the local recurrence of breast SFTs is 6.1% (2/33),
and the monitoring time range from surgery is 6-18 months.
There are no reports on the metastasis of breast SFTs
likely due to the low incidence and short follow-up time. A
study performed by the MD Anderson Cancer Center (20)
showed that patients with stronger risk factors, including age
>55 years, mitotic figures >4/10 HPFs and tumors >15 cm,
need closer surveillance. Based on findings from other
breast tumors, the recommended frequency of surveillance
is every 3 months for the first 2 years after surgery, every
6 months for years 2-5 after surgery and then at 5 years after
the surgery.

Owing to the low morbidity of breast SFTs and the avail-
ability of only retrospective data from case reports, extensive
research is needed on the condition. First, the molecular
mechanism underlying SFT development needs to be studied
to identify novel signaling pathways. Novel target therapies
may lead to high clinical effectiveness. Based on the low
effectiveness of traditional drugs, immunotherapy is another
promising approach for SFT treatment. To develop the most
effective treatment strategy, prospective, randomized and
double-blinded studies may be performed.
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