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Abstract: A solitary fibrous tumor (SFT) is a rare spindle cell tumor-derived from mesenchymal cells. It 
may be linked to the fusion of the NAB2-STAT6 gene caused by 12q chromosome rearrangement. It can 
occur in the connective tissue of any part of the body; however, it is most common in the pleura. Solitary 
fibrous tumors of the pleura (SFTP) are a persistent painless mass with slow growth. With the increase of 
the tumor, there will be corresponding compression symptoms. Pleural effusion is rare, and the cytology 
of pleural effusion is mostly negative. Occasionally, SFTP can induce paraneoplastic syndrome, distant 
metastasis, and malignant transformation. Lung function may have mild to moderate restrictive ventilation 
dysfunction. CT is a crucial method for the clinical diagnosis of SFTP. The histopathological features 
of SFTP are the coexistence of sparse and dense areas. CD34, CD99, Bcl-2, and vimentin are the most 
valuable immunohistochemical markers.The positive expression rate of STAT6 in benign SFT was even 
100%. Adhesion or unclear boundary with surrounding tissues, pleural effusion or calcification, tumors 
with a maximum diameter greater than 10 cm, invasive growth, uneven density, metastasis or recurrence, 
paraneoplastic syndrome, moderate to severe cell heterogeneity, high Ki67 proliferation index, and low 
STAT6 expression suggest SFTP may be a malignant tumor. Gene analysis on next generation sequencing 
may help reveal the mutation characteristics of SFTP. Complete tumor resection is the gold standard of 
SFTP. Resectability is the most important prognostic factor. Age, size, mitosis, and necrosis are considered 
risk stratification factors for prognosis. Fortunately, 80% of SFTP are benign and have anexcellentprognosis 
but need long-term follow-up.We report a case of rapidly growing tumor with pleural effusion within  
9 months, who was surgically treated and is currently under follow-up. And the literature is reviewed.
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Introduction

A solitary fibrous tumor (SFT) is a rare mesenchymal 
spindle cell tumor first reported by Wagner in 1870 (1). 
SFT originates from a CD34(+) dendritic mesenchymal 
cell, almost diffusely distributed in human connective tissue 
so it can occur almost anywhere in the body, including 
mediastinum, pericardium, orbit, peritoneum, intracranial, 
kidney, prostate, etc. However, pleura is the most common 
(2-8). Klemperer and Rabin first reported solitary fibrous 

tumors of the pleura (SFTP) pathological features and 
was listed as an independent disease in 1931 (9). The 
etiology of SFT is not clear. There are no known genetic, 
environmental or susceptibility risk factors, and it is not 
related to asbestos exposure.SFTP is mostly a painless 
regional mass with slow growth, and pleural effusion is 
uncommon (10,11). SFTP is characterized by insidious 
onset and no obvious clinical symptoms in the early stage. 
Cough, chest pain, chest tightness and dyspnea occur only 
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after tumor enlargement and compression of surrounding 
tissues.The best treatment for SFTP is total resection of 
primary and local recurrent diseases. Long term follow-
up is necessary because of the risk of recurrence.We report 
a case of the rapid growth of SFTP within nine months 
which with bloody pleural effusion and review of the 
literature. Compared with other literature reports, this case 
is characterized by rapid tumor enlargement and bloody 
pleural effusion. At the same time, we further discussed the 
clinicopathological features of SFTP and the predictive 
factors of malignant tumor. 

We present the following case in accordance with the 
CARE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4974).

Case presentation

A 60-year-old female patient complained of progressive 
dyspnea for two months and was admitted to the respiratory 
department of our hospital. She had a history of diabetes 

and had been taking metformin and glimepirea, and her 
blood sugar levels were well controlled. She has no history 
of smoking or asbestos exposure. Nine months ago, a 
computed tomography (CT) scanned in the chest revealed 
a space-occupying lesion in her left chest during (Figure 1),  
and she gave up further diagnosis and treatment for fear 
of surgery. In the past two months, she has gradually 
aggravated breathing difficulties, which are more noticeable 
after exercise and cannot be relieved after rest, accompanied 
by a cough and a little sputum. She does not have chills, 
fever, hemoptysis, chest tightness, or chest pain. Physical 
examination showed that: the body temperature was  
36.4 ℃, the superficial lymph nodes in the whole body were 
not enlarged, the trachea was in the middle, the breath 
sounds in the left lung were significantly reduced, there 
was no dry and wet rayed sounds in the two lungs, and both 
lower limbs were hollow edema.

Her peripheral blood WBC was 12.4×109/L, the 
percentage of neutrophils was 86.9%, albumin was only 
32.4 g/L, and B-type natriuretic peptide (BNP) was 

Figure 1 Comparison of CT changes in 9 months. Compared with June 28, 2019, the chest CT of the patient on April 1, 2020 showed that 
the tumor in the left chest and the pleural effusion was significantly increased, and the mediastinum and heart were obviously compressed 
and shifted to the right side.
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measured at 28 pg/mL (normal value 0–100 pg/mL). Tumor 
markers, including CEA, AFP, NSE, CYFRA211, SCCA, 
CA-125, CA-50, CA19-9, CA72-4, CA15-3, and CA24-2 
were all regular. Closed thoracic drainage was conducted. 
Finding that pleural effusion was bloody, specific gravity 
was 1.028, Rivalta test was positive, the WBC was 790/L,  
the lymphocytes and neutrophils were 60% and 40% 
respectively; Total protein 39.40 g/L, lactate dehydrogenase 
(LDH) 181 U/L, adenosine deaminase (ADA) 8 U/L, 
glucose 7.55 mmol/L. Cytological examination of pleural 
fluid revealed a small number of mesenchymal cells, but no 
malignant cells were found.

The CT (2020-04-01) of the patient showed a round 
slightly low-density tumor about 15.8×13.2 cm in the left 
thoracic cavity, the margin of the tumor seems to have a 
capsule, its internal density was uneven, and with the mixed 
flocculent slightly higher density, no obvious enhanced, 
considering the pleural origin possible. The trachea 
was in the middle, and the trachea and bronchus were 
unobstructed. The bronchus of the left upper and lower 
lobes was narrow, and the left lung was partially distended. 
The left thoracic cavity can see the water density shadow. 
However, there were just a few striations in the upper 
lobe of the right lung. The pericardium was thickened. 
Mediastinum was compressed to the right, and lymph 
nodes can be seen in it. Compared with nine months ago  
(2019-06-28), the tumor was significantly enlarged, and the 
pleural effusion was increased (Figure 1).

The patient was transferred to cardiothoracic surgery. 
After adequate preparation, left thoracotomy exploratory 
surgery was conducted on April 7, 2020. The mass in the 
chest was broad and hard, which was widely attached to the 
surrounding tissues, especially the mediastinum pleura and 
the left upper lung. Then, the mass and surrounding tissue 
were carefully separated along with the extracapsular mass. 
Eventually, the mass was completely removed. HE staining 

showed the presence of both sparse and dense regions 
(Figure 2). Immunohistochemistry showed that CD34 (+), 
bcl-2 (+), CD99 (+), Ki-67 (10%+) and S-100 (−), SMA (−), 
CR (−), Calretinin (−) (Figures 3,4). The final pathological 
diagnosis was an SFT originating from the mediastinum 
pleura. The patient recovered well and was dismissed  
23 days later. No radiotherapy or chemotherapy was given. 
At present, there is not any recurrence or pleural effusion 
on CT, and there is no significant fluctuation of blood 
glucose.

All procedures performed in studies involving human 
participants were in accordance with the Helsinki Declaration 
(as revised in 2013), and this study was approved by the ethics 
committee of the Affiliated Hospital of Jiangnan University. 
Written informed consent was obtained from the patient for 
publication of this study and any accompanying images. 

Discussion

SFT was classified as a fibroblast/myofibroblast tumor by 
the WHO tumor classification criteria for soft and bone 
tissues in 2013 (12). As an interstitial-derived tumor, the 
etiology of the SFT is unclear, there are no known genetic, 
environmental, or predisposing risk factors, and it is not 
linked to asbestos exposure, perhaps because SFT is not 
mesothelioma. However, it is currently believed that SFT 
is a translocation related tumor, which is consistent with 
the fusion of the NAB2-STAT6 gene caused by repeated 
intrachromosomal rearrangement of 12q chromosome, 
and this translocation may be the main factor of its  
pathogenesis (13). Most of SFT originated from pleura, 
especially the visceral pleura, a few of which occurred 
outside pleura and rarely in the lung (14). The incidence 
of SFTP was less than 5% of all pleural tumors (15). SFT 
occurred in connective tissue, which unrelated to age, 
so there is no age difference in the onset of SFT. Some 
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Figure 2 Tumor tissue (A) resected by surgery and HE staining. HE showed that sparse area (B ×100) and dense area (C ×100) coexisted.
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Figure 3 Immunohistochemistry of CD34, Bcl-2, CD99 and Ki-67. Immunohistochemistry showed that CD34(+) (×200), BcL-2(+) (×200), 
CD99(+) (×200), and Ki-67(10%+) (×200).

Figure 4 Immunohistochemistry of SMA, S-100 and CR. Immunohistochemistry showed SMA(−), S-100(−) and CR(−) (×200). 
Myofibroblastoma, neurogenic tumor and mesothelioma were excluded.

scholars summarized 378 cases of SFTP reported in 
Chinese and English. They found that 195 cases were male, 
183 cases were female, and the age span of onset was 6–81 
years. The disease usually occurred in middle age and with 
no significant gender difference (16).

Generally, SFTP has a concealed onset, slow growth, 
no obvious clinical symptoms in the early stage, which 
brings difficulties to diagnosis. Our patient also experienced 
symptoms only after the tumor rapidly increased and 

oppressed the surrounding tissues. Common symptoms 
include cough, chest pain, chest distress and dyspnea. 
These symptoms are usually secondary to compression of 
adjacent structures and local invasion of the tumor after 
enlargement. Exceedingly rare causes of dyspnea have been 
reported as a result of SFTP invasion of the left atrium 
through the pulmonary vein and recovery through surgical 
treatment (17).Tumor compression of lung parenchyma and 
the laryngeal nerve can cause hemoptysis and hoarseness, 
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respectively (18). Compression of the mediastinum can lead 
to displacement, compression of the superior vena cava can 
lead to cyanosis, venous dilation, edema and hypotension 
of the upper body (face, neck, chest and upper limbs), as 
well as other symptoms of the superior vena cava syndrome 
(SVCS) (19). In contrast, compression of the liver can lead 
to weight loss, loss of appetite, fatigue, and even right upper 
abdominal mass and lower limb edema (20).

SFTP combined with pleural effusion is uncommon, 
the incidence is less than 20%, and pleural effusion may 
play a significant role in the differentiation of benign and 
malignant tumors (21). A limited number of literature 
reports suggest that bloody pleural effusion may be involved 
in rapid tumor enlargement and increased surface tension 
leading to superficial vascular rupture (18). However, our 
patient’s may be linked to increased exudation and infection 
caused by tumor compression on the lung and large blood 
vessels. Iatrogenic chylothorax has also been reported 
due to the more massive lymphatic vessel injury following 
endoscopic ultrasound and fine-needle aspiration (22). As 
our patient, all cytological results of pleural effusion were 
negative, which may be related to the complete capsule of 
the tumor, and the cells are difficult to shed (23).

The function of the pleura and endocrine system 
is not fully independent. Occasionally,  SFTP can 
induce paraneoplastic syndromes, such as hypertrophic 
osteoarthropathy (24) and hypoinsulinemic hypoglycemia 
caused by ectopic secretion of insulin-like growth factor 
II which knew as Doege Potter syndrome (DPS) (25).
Hypertrophic osteoarthropathy, known as Pierre-Marie-
Bamberger syndrome, is characterized by clubbing of the 
fingers or toes caused by calcification of the bone surface 
and soft tissue. Also, the increase of human beta chorionic 
gonadotropin-releasing factor leads to gynecomastia (26),  
and cerebellar degeneration is also occasionally seen (27).  
Distant metastasis of SFTP is very rare, but it has been 
reported in the pancreas, lung, and thyroid (28,29).
Similarly, malignant transformation occurs occasionally (30). 
Our patient has no paraneoplastic syndrome.

SFTP mostly intrudes into the thoracic cavity and 
forms pedicle, while a few may invade lung tissue. CT is 
an essential method for the clinical diagnosis of SFTP. 
Benign SFTP usually presents solitary masses on CT, 
which are usually round or spindle-shaped, with an uneven 
size, clear boundaries, homogeneous density of soft tissue, 
with the capsule, with or without lobulation. Mediastinum 
and lung parenchyma are often displaced under pressure. 
Malignant SFTP usually has unclear boundaries, adhesion 

with or invasion of surrounding tissues, uneven density, 
calcification, and pleural effusion is often the case (11). 
Additional signs include obtuse, acute, or tapering angles 
between lesions and mediastinum due to tumor size, 
“geographic pattern” due to the presence of large vessels, 
necrosis, and calcification, the presence of cleavage planes 
and the absence of lymphadenopathy or pleural edema (31). 
Magnetic resonance (MR) imaging is a supplement to other 
imaging methods for evaluating the patient’s condition (32), 
while (18)F-FDG PET/CT has limited diagnostic value for 
malignant SFTP in suspected patients (33). Bronchoscopy 
was used for large tumors and compression of the lung, 
which has a significant impact on the bronchial tree (14). 
And it has been reported that endobronchial ultrasound 
(EBUS) was used to evaluate tumor angiogenesis before 
the operation, and tissue samples were obtained under 
thoracoscopy for diagnosis (34).

Descriptions of lung function are scarce. Mendez-
Sanchez et al. reported three patients with SFTP, all of 
them presented mild to moderate restrictive ventilation 
dysfunction at baseline, and all showed significant 
improvement after surgical treatment. Indicators such 
as FVC and FEV1 all recovered to close to the normal 
level to 30% of the normal predicted value. The authors 
believe that if the tumor occupies a specific volume in the 
chest, respiratory mechanics and lung compliance will be 
damaged. The reduction of lung volume and the increase 
of airway resistance need to be compensated by the increase 
of inspiratory muscle strength and the change of breathing 
mode (rapid shallow breathing), but this may be at the 
expense of the increase of dyspnea. At the same time, the 
transmural pressure gradient decreased, which affected the 
ventilation/perfusion ratios and, therefore, gas exchange;this 
is a different reason for dyspnea. Also, the authors believe 
that lung function and CT scans are excellent objective 
indicators for follow-up (35).

The histopathological feature of SFT is the coexistence 
of sparse and dense regions, which are separated by 
fibrous stroma, and with hemangiopericytoma branching  
vessels (36). The cell’s dense area is composed of mild 
fusiform cells, which are arranged in short interlaced 
bundles, forming a herringbone or mat-like arrangement. 
The sparse area may be highly collagenated, or it may 
present an uncommon myxoid change. Malignant SFT is 
composed of large cell components, with infiltrative growth, 
moderate to prominent cell atypia, and mitotic images are 
standard (37,38). The most valuable positive markers of 
SFT immunohistochemistry were CD34, CD99, Bcl-2, and 
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vimentin, cytokeratin (CK) was always negative. Recent 
studies have shown that nuclear STAT6 immunoreactivity 
is a highly sensitive and specific marker of SFT, and 
almost all SFT contain NP2-STAT6 fusion gene (39).  
The positive expression rate of STAT6 was even 100% in 
benign SFT but decreased in malignant SFT (40). Also, 
the Ki67 proliferation index of 10% or more was helpful in 
the diagnosis of malignant SFT (21). Gene analysis based 
on next generation sequencing may be helpful to reveal the 
mutation characteristics of SFTP (41).

Because the clinical manifestations of SFTP are 
nonspecific, it is usually diagnosed in the advanced stage 
of development. Fortunately, 80% of the time are benign 
(42). Adhesions or unclear boundaries with surrounding 
tissues, pleural effusion or calcification, maximum tumor 
diameter higher than 10 cm, invasive growth, uneven 
density, metastasis or recurrence, paraneoplastic syndrome, 
moderate to significant cell heterogeneity, high Ki67 
proliferation index, and low STAT6 expression suggest that 
SFTP may be malignant. A CT-guided transthoracic biopsy 
is helpful for its diagnosis and differential diagnosis, but 
it requires extensive sampling. Classification stages based 
on histologic and morphologic indicators of SFTP have 
proposed by de Perrot et al. (43). 

SFTP needs to be differentiated from a variety of pleural 
soft tissue tumors. Such as pleural mesothelioma, desmoid 
fibromatosis, inflammatory myofibroblastoma, epithelioid 
hemangioendothel ioma,  pseudotumor of  p leura , 
synovial sarcoma, and primary lymphoma of pleura (44).  
In most cases, under the correct clinical background, 
using the appropriate immunohistochemistry method to 
consider the morphological characteristics can make a 
reliable diagnosis (45).

The best treatment for SFTP is the total resection of 
primary and local recurrent diseases. Patients with SFTP 
who received surgery had better overall survival than those 
who did not (46). After resection, the compressed lung 
tissue can be fully expanded, and the related paraneoplastic 
syndrome can also be successfully treated (47). The standard 
surgical methods include lung tumor resection, wedge 
resection, segmental resection and lobectomy (48). Video-
assisted thoracoscopic surgery is mostly used for resection 
of small tumors, but it was also used for resection of large 
fibromas around 10 cm (49). Da Vinci Surgical System has 
been reported to be used for the complete surgical resection 
of an anterior mediastinal tumor in an obese patient (50). 
For patients with a large tumor or extensive adhesions, 
thoracotomy is often used, and in case of incomplete 

resection or recurrence, the secondary operation may 
be needed (51,52). Originated from the pleural wall, 
extrapleural resection can be carried out without removing 
the chest wall (53), and patients with pericardial cavity 
involvement may need cardiopulmonary bypass support (54). 
Preoperative percutaneous embolization has been reported 
to reduce the risk of intraoperative bleeding significantly; 
however, SFTP embolization may lead to a rare potential 
life-threatening complication (55).

S u r g i c a l  r e s e c t a b i l i t y  i s  t h e  m o s t  i m p o r t a n t 
prognostic factor. For unresectable patients, the effect of 
chemotherapy and radiotherapy is controversial, and more 
research is needed to confirm. Radiotherapy can be used 
for preoperative tumor reduction or adjuvant treatment 
in patients with a malignant tumor or surgical margin 
defect (56). Conventional chemotherapy may effectively 
control or stabilize locally advanced and metastatic  
SFTP (57). Hyperthermic intrathoracic chemotherapy has 
been used in primary and secondary pleural malignancies 
such as SFTP to improve local control, prolong survival, 
and improve quality of life (58). Also, safe, efficient, and 
fewer side effects of local microwave-thermal ablation has 
been used for the treatment of postoperative recurrence of 
SFTP (59).

Surgical resection is the gold standard of SFTP 
treatment. For malignant SFTP, radiotherapy, and 
conventional chemotherapy drugs only show limited 
efficacy (13), while the research on targeted therapy is either 
still in progress (60). High expression of multiple growth 
factors is common in SFT, which also provides an objective 
basis for antiangiogenesis therapy of SFT (61). Sunitinib 
and pazopanib have shown specific clinical and preclinical 
efficacy (62,63). The combination of temozolomide and 
bevacizumab may be a feasible choice for patients with 
the inoperable disease (64), and it has been proved to be 
an effective and tolerable treatment in the local advanced, 
recurrent and metastatic malignant SFT (65). Also, 
chemotherapy combined with molecular targeted therapy 
has produced promising results, and the consequences of 
further phases are awaited (56). In recent years, increased 
attention has been paid to the research of immune 
checkpoint blockade therapy. It has been reported that 
patients with malignant SFTP have received concurrent 
chemoradiotherapy and Te-mozolomide/bevacizumab 
treatment, it was found ineffective, but programmed cell 
death protein 1 (PD-1) has played a specific role (66). It has 
been found that low tissue miR-125b level can predict the 
malignant degree of SFTP, suggesting that miR-125b plays 
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a potential role in the growth and malignant transformation 
of SFTP, and miRNA-125b may be a biomarker or potential 
therapeutic target of SFTP (67).

SFT was mostly benign, and 10–20% were malignant 
or potentially malignant. Surgical removal of SFTP 
usually produces satisfactory results, with a 5-year disease-
free survival rate of about 80%. However, the recurrence 
rate of malignant SFTP was 63%, even after complete  
resection (66). Age, size, mitosis, and/or necrosis have 
been proposed as risk stratification factors for predicting 
prognosis (36). Recurrence mostly occurs within two years 
after surgery, and long-term follow-up after resection is 
necessary (68).

Conclusions

SFT is a rare spindle cell tumor-derived from mesenchymal 
cells. It does not have any known genetic, environmental, or 
predisposing risk factors. As a translocation related tumor, 
SFT may be related to the fusion of the NAB2-STAT6 gene 
caused by repeated rearrangement of the 12q chromosome. 
It is most frequent in the pleura. The clinical manifestations 
of SFTP were persistent painless mass and slow growth. 
With the increase of tumor, there will be corresponding 
compression symptoms such as cough, chest pain, chest 
distress and dyspnea. Pleural effusion is uncommon, and 
the cytological of pleural effusion is negative. Occasionally, 
SFTP can induce paraneoplastic syndrome, distant 
metastasis, and malignant transformation.

Lung function may have mild to moderate restrictive 
ventilation dysfunction. CT is a crucial method for 
the clinical diagnosis of SFTP. The histopathological 
characteristics of SFTP are the coexistence of sparse 
and dense regions. The most valuable positive markers 
for immunohistochemistry are CD34, CD99, Bcl-2, and 
vimentin. Recent studies show that the immunoreactivity 
of STAT6 is a highly sensitive and specific marker of SFT. 
The diagnosis of SFTP must be differentiated from various 
kinds of pleural soft tissue tumors.

Adhesion or unclear boundary with surrounding tissue, 
pleural effusion or calcification, maximum tumor diameter 
greater than 10 cm, invasive growth, uneven density, 
metastasis or recurrence, paraneoplastic syndrome, moderate 
to severe cell heterogeneity, high Ki67 proliferation index, 
and low STAT6 expression suggest that SFTP may be a 
malignant tumor. Gene analysis based on next generation 
sequencing may serve to reveal the mutation characteristics 
of SFTP. Fortunately, 80% of SFTP is benign.

Complete tumor resection is the gold standard of SFTP. 
For a patient with a large tumor or extensive adhesions, 
thoracotomy is often used. If not completely removed 
or recurred, a second operation may be necessary. Also, 
local microwave ablation and other methods have been 
applied in the clinic. For malignant SFTP, the curative 
effect of radiotherapy and chemotherapy is limited, and 
chemotherapy combined with molecular targeted therapy 
has produced promising results. Resectability is the 
most important prognostic factor. Age, size, mitosis, and 
necrosis have been proposed as risk stratification factors for 
predicting prognosis. The prognosis of SFTP is good and 
needs long-term follow-up.
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