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Abstract: Solitary fibrous tumors (SFTs)/hemangiopericytomas (HPCs) are uncommon mesenchymal neoplasms of 
fibroblastic type that can arise anywhere in the body. Recently, NGFI-A binding protein 2 (NAB2)-signal transducer 
and the activator of transcription 6 (STAT6) fusion gene were discovered as a hallmark of SFTs/HPCs by using whole-
exome, and transcriptome sequencing; consequently, the fusion gene can be rapidly detected by STAT6 immunohis-
tochemistry. In this study, 53 formalin-fixed, paraffin-embedded (FFPE) tissues were performed using immunohisto-
chemistry with antibodies against STAT6, CD34, CD99 and Bcl-2. Nuclear STAT6 positive staining was present in 51 
cases (51/53, sensitivity 96.2%), which were usually diffuse (4+ in 14 cases; 3+ in 13 cases; 2+ in 9 cases; 1+ in 
15 cases) and intense (strong in 17 cases; moderate in 22 cases; and weak in 12 cases) staining. CD34 was posi-
tive in 47 cases (47/53, sensitivity 88.7%), CD99 was positive in 50 cases (50/53, sensitivity 94.3%) and Bcl-2 was 
positive in 51 cases (51/53, sensitivity 96.2%). There is no difference among categories such as age, sex, location, 
tumor size, or estimated dignity in immunohostochemical staining of STAT6, CD34, CD99 and Bcl-2. The nuclear 
STAT6 being positive is a helpful and highly sensitive marker in diagnosis of SFTs/HPCs. Considering immunohis-
tochemical STAT6, CD34, CD99 and Bcl-2 findings  together can provide more supportive diagnostic information.
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Introduction

In 1942, a kind of vascular tumor had been 
described by Stout and Murray, characterized 
by the formation of endothelial tubes and 
sprouts with a surrounding sheath of rounded 
and sometimes elongated cells [1]. They be- 
lieved that these cells derive from the capillary 
pericytes and these tumors should be distin-
guished by a specific descriptive name such as 
hemangiopericytomas (HPCs). Also in 1942, 
Stout and Murray published a study of a soli-
tary malignant tumor in the lung and pleura [2]. 
This tumor is now known as solitary fibrous 
tumor (SFT), a soft tissue tumor characterized 
by cells surrounding thick-walled, branching 
“staghorn” blood vessels. As long ago as 1931 
Klemperer and Rabin published an exhaustive 

study of pleural neoplasms that were both dif-
fuse and solitary. The report contained at least 
three solitary cases, which conformed to the 
appearance and characteristics of the tumors 
reported below [3]. In 1951, Stout described 
the tumors were either encapsulated or sharply 
circumscribed and composed chiefly of spindle-
shaped cells and connective tissue fibers with a 
variable arrangement. Later, in another study, 
he renamed them as solitary fibrous tumors 
(SFTs) [4].

However, HPC-like vascular pattern was also 
seen in other soft tissue sarcomas, and wheth-
er the contention in HPC represented a distinct 
pathologic entity or a non-specific vascular pat-
tern were debated for a long time among pathol-
ogists [5]. In the 2013, the fourth edition of the 
World Health Organization classification of 
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tumors of soft tissue and bone has made the 
term of “hemangiopericytoma” obsolete and 
the new classification no longer distinguishes 
between SFTs and HPCs. Emerging together, 
these tumors are all categorized as SFTs under 
the classification of fibroblastic/myofibroblastic 
tumors [6]. In addition, pleural and extrapleural 
SFTs are distinguished by their anatomical loca-
tions and they can emerge in any extrapleural 
sites in fact. Although most SFTs/HPCs are 
benign, approximately 13-23% of tumors have 
been reported to be malignant [7, 8]. Increased 
mitotic index (> 4 mitoses per 10 high-power 
fields), high cellularity, cellular pleomorphic, 
and necrosis are regarded as criteria of malig-
nancy according to England et al [7].

Previously, CD34, CD99 and B cell lymphoma 2 
(Bcl-2) were the most useful positive immuno-
histochemical markers for diagnosing SFTs/
HPCs. Nevertheless, their expressions are non-
specific and also common in other tumors that 
may mimic SFTs/HPCs. Until recently, in 2013, 
three groups have discovered that NGFI-A bind-
ing protein 2 (NAB2)-signal transducer and acti-
vator of transcription 6 (STAT6) fusion gene as 
a hallmark of SFTs/HPCs by using whole- 
exome and transcriptome sequencing [9-11]. 
Schweizer et al recently demonstrated NAB2-
STAT6 fusion gene could be rapidly detected by 
STAT6 immunohistochemistry, which exhibited 
strong nuclear STAT6 expression [12]. Some 
other studies also demonstrated that STAT6 is 
a highly sensitive and specific marker of SFTs/
HPCs and can be helpful when conventional 
methods are inconclusive [13-15]. In this study, 
we investigated STAT6, CD34, CD99 and Bcl-2 
protein expressions by immunohistochemistry 
in SFTs/HPCs.

Materials and methods

Case selection

After receiving approval from the institutional 
review board, 53 formalin-fixed, paraffin-
embedded (FFPE) tissues were obtained from 
the archives between February 2008 and 
February 2015 of the Department of Pathology, 
the first affiliated hospital of China Medical 
University, in China. All specimens were previ-
ously diagnosed according to the WHO classifi-
cation in effect at the time of initial diagnosis. 
The final diagnosis of all cases was confirmed 
by morphologic examination and conventional 
immunohistochemistry. This study was carried 
out in accordance with the Helsinki Declaration.

Immunohistochemistry

4 µm thickness sections from FFPE blocks were 
prepared and stained with hematoxylin-eosin. 
Immunohistochemical staining was performed 
for STAT6 (S-20, sc-621, dilution 1:150, Santa 
Cruz Biotechnology, USA), CD34 (MAB-0034, 
QBEnd/10, Fuzhou Maixin Biotech, China), 
CD99 (MAB-0059, O13, Fuzhou Maixin Biotech, 
China) and Bcl-2 (RMA-0660, SP66, Fuzhou 
Maixin Biotech, China). Immunohistochemistry 
(IHC) was performed using the avidin-biotin-
peroxidase complex method (UltrasensitiveTM, 
Fuzhou Maixin Biotech, China) as follows: after 
xylene deparaffinization and a graded concen-
trations of ethanol dehydration, the sections 
were boiled in 0.01 M citrate buffer (pH 6.0) for 
2 minutes with an autoclave. Then hydrogen 
peroxide (0.3%) was applied to block endoge-
nous peroxide activity and the sections were 
incubated with normal goat serum to reduce 
non-specific binding. Sections were then incu-
bated with the primary antibody at 4°C over-
night. Next day, biotinylated goat anti-mouse 
serum IgG was used as a secondary antibody. 
After washing, the slides were incubated with 
the streptavidin-peroxidase complex and then 
they were visualized using 3,3’-diaminobenzi-
dine tetrahydrochloride. Counterstaining with 
hematoxylin was performed, and the sections 
were dehydrated in ethanol before mounting.

Immunohistochemical evaluation

Two independent blinded investigators random-
ly evaluated all the slides. STAT6 scored using 
dichotomized according to Schweizer et al [12] 
into either nuclear expression or cytoplasmic 
expression. The extent of STAT6 immunoreac-
tivity was graded according to the percentage 
of positive tumor cells (0, <5%; 1+, 5-25%; 2+, 
26-50%; 3+, 51-75%; and 4+, 76-100%), and 
the intensity of staining was graded as weak, 
moderate, or strong. The nuclear staining ≥5% 
was deemed positive. CD34, CD99 and Bcl-2 
were deemed as positive when at least 10% of 
tumor cells showed strong staining. Negative 
controls were stained similarly without the pri-
mary antibody.

Statistical analysis

The statistical analyses were carried out using 
SPSS 20.0 statistical software package. The 
numerical data was presented as mean and 
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Table 1. Clinical information and immunohistochemical findings in 53 cases of SFTs/HPCs

Case Sex Age (years) Location Tumor  
size (cm) Malignant [7]

STAT6
CD34 CD99 Bcl-2

Nuclear Cytoplasm
1 M 67 Lung, rt 10×9×9 4 - + + +
2 F 50 Breast, lt 2.5×2.2 3 + + + +
3 M 48 Abdominal cavity 5 1 - + + +
4 M 65 Spermatic cord, rt 4 1 - + - -
5 M 39 Thoracic cavity 20×17×6 2 - + + +
6 M 56 Pleura, lt 4 4 - + + +
7 F 20 Abdominal wall, lt 11×9×8 1 - + + +
8 F 59 Lung, rt 19×18×13 + 3 - + + +
9 M 41 Axilla, rt 8×7×2.5 + 3 - - + +
10 F 38 Neck, rt 4.5×3 1 - + + +
11 M 43 Lung, rt 13×9×5 + 4 - + + +
12 M 40 External auditory canal, rt 2×1.5 3 - + + +
13 M 39 Pleura, rt 7.08×4.92 4 - + + +
14 F 60 Peritoneum, lt 10×7×7 + 3 + + + +
15 F 43 Chest wall, rt 11×7×6 4 - + + +
16 F 46 Neck, rt 5.8×2.8 3 - + + +
17 M 60 Lung, lt 11×9×7 2 - + + +
18 F 51 Neck 4×3 + 1 - + + +
19 F 55 Head 5.3×5.2×4 + 4 - + + +
20 F 54 Pleura, lt 6×5.5×4 2 - + + +
21 F 53 Nasal cavity, lt 2×1 2 - + + +
22 F 81 Neck, rt 6×5 + 3 - + + +
23 M 61 Peritoneum, rt 20×17 + 1 - + - +
24 F 49 Pleura, rt 6.18×2.77 4 - + + +
25 F 46 Chest wall, rt 2.5 1 - + + +
26 F 37 Nasal cavity, lt 2×1×1 + 4 - - + -
27 F 28 Kidney, rt 5.88×8.17 3 - - - +
28 F 46 Pleura, lt 4×3×3 1 - + + +
29 M 43 Lung, rt 6×5×4 2 - + + +
30 F 53 Abdominal wall, rt 4×4×3 + 0 + + + +
31 M 41 Pleura, lt 7×5×3 4 - + + +
32 F 39 Lung, rt 6.7×6.7 4 - + + +
33 F 67 Abdominal cavity 5.5×5×4 1 - + + +
34 M 70 Buttock, lt 7.11×4.83 1 - + + +
35 F 27 Nasal cavity, lt 5×4×3 1 - - + +
36 M 34 Mediastinum 11×9×6 + 2 + + + +
37 M 59 Mediastinum 15×9×8 + 1 - + + +
38 F 57 Pleura, rt 5×4×3 3 - + + +
39 F 48 Lung, rt 3×2.5×2.5 4 - + + +
40 M 55 Lung, rt 2.5×2 1 - - + +
41 F 59 Adrenal gland, rt 11×8.5×8 4 - + + +
42 F 44 Pharynx, rt 4×2 + 2 - + + +
43 F 68 Thoracic cavity, rt 14.39×8.5×3 + 0 + + + +
44 F 43 Pleura, rt 3×3×1.5 3 - + + +
45 M 41 Chest wall, lt 8×5×4 3 - + + +
46 F 54 Thoracic cavity, lt 8×6×5 + 2 - + + +
47 F 50 Parotid gland, lt 2×1 3 + - + +
48 F 39 Chest wall 6.7×6.7 1 + + + +
49 M 63 Lung, rt 1.9×1.2 1 - + + +

50 F 16 Lung, lt 5×4×3 4 - + + +
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standard deviation. The Pearson Chi squared 
test or Fisher exact probability test was used to 
assess the association between categorical 
variables. Student t-test or one-way analysis of 
variance (ANOVA) was used to compare the dif-
ference with the means among two or more 
groups, respectively. P values less than 0.05 
were considered to be significant.

Results

Clinical features of 53 cases of SFTs/HPCs and 
the results of IHC for STAT6, CD34, CD99 and 
Bcl-2 are summarized in Table 1.

Clinical data

53 cases were studied from 20 males and 33 
females, with a mean age of 50 years (range, 
16-81 years). The mean tumor size was 6.85 
cm (range, 2-20 cm). These SFTs/HPCs arose 
over a variety of anatomical sites including the 
thorax (29 cases, including 10 pleural, 11 pul-
monary, 2 mediastinal, 3 chest wall, 3 cheat 
cavity); abdominal (8 cases, including 2 perito-

neum, 2 abdominal wall, 2 abdominal cavity, 1 
kidney, 1 adrenal gland); head and neck (12 
cases; including 4 neck, 4 nasal cavity, 1 head, 
1 pharynx, 1 external auditory canal, 1 parotid 
gland); and 1 in breast, 1 in axilla, 1 in sper-
matic cord, 1 in buttock. Extrapleura SFTs/
HPCs were 43 (81.1%) cases. 49 (92.5%) cases 
were SFTs, 4 (7.5%) cases were HPCs. In our 53 
cases, 16 (30.2%) were malignant by the 
England et al definition [7] and 37 (69.8%) were 
benign SFTs/HPCs. There were no significant 
differences of age (P=0.120) and sex (P=1.000) 
between patients with malignant and benign 
SFTs/HPCs.

Immunohistochemical findings

Nuclear STAT6 positive staining was present in 
51 of cases (51/53, sensitivity 96.2%), staining 
was usually diffuse (4+ in 14 cases; 3+ in 13 
cases; 2+ in 9 cases; 1+ in 15 cases) and 
intense was most moderate and strong (strong 
in 17 cases; moderate in 22 cases; weak in 12 
cases) (Figure 1).

51 F 59 Lung, lt 1.5×1×1 3 - + + +
52 M 57 Nasal cavity, lt 3×2×2 + 4 - + + +
53 F 63 Pleura, rt 2.5×1.5×0.5 2 - + + +
Abbreviation: F, female; M, male; lt, left; rt, right; STAT6 nucleus: 0, <5%; 1+, 5-25%; 2+, 26-50%; 3+, 51-75%; and 4+, 76-100%.

Figure 1. Immunohistochemical staining of 
STAT6 showing nuclear positivity in 51/53 
cases. A. Case #1, strong staining and dif-
fuse positive (4+) for STAT6, 200×; B. Case 
#24, moderate staining and diffuse positive 
(4+) for STAT6, 200×; C. Case #38, weak 
staining diffuse positive (3+) for STAT6, 
200×.
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As expected, CD34, CD99 and Bcl-2 were posi-
tive in most of our cases. CD34 was positive in 
47 cases (47/53, sensitivity 88.7%), and 6 
cases were negative in CD34, while 2 were 
malignant. These cases had histological mani-
festations of SFTs/HPCs on H&E staining and 
except for the loss of CD34 expression they 
had typical immunohistochemical features, 
such as positive STAT6 staining. CD99 was pos-
itive in 50 cases (50/53, sensitivity 94.3%) and 
Bcl-2 was positive in 51 cases (51/53, sensitiv-
ity 96.2%) (Figure 2). There were no significant 
differences among age, sex, location, tumor 
size, or estimated dignity in immunohosto-
chemical staining of STAT6, CD34, CD99 and 
Bcl-2 (Table 2). SFTs/HPCs had significant dif-
ferences between CD34-positive and CD34-
negative immunohistochemical staining (P= 
0.003).

There are two cases (#30, #43) that were nega-
tive for STAT6 nuclear staining but were positive 
in cytoplasm by immunohistochemistry (Figure 
2G). They were positive for CD34 (Figure 2H), 
CD99 (Figure 2I), Bcl-2 (Figure 2J), and the H&E 
staining (Figure 2F) showed typical histological 
features, which were spindle tumor cells hyper-
plasia within collagenous stroma. Vessels sep-
arated the patternless architecture, which com-
bines of hypocellular and hypercellular areas.

Positive nuclear expression of STAT6 was also 
observed in six CD34 negative cases, four of 
them were positive for CD99 and Bcl-2.

Discussion

SFTs/HPCs are uncommon mesenchymal neo-
plasms of fibroblastic type which can arise any-
where in the body. SFTs/HPCs have recurrently 
displayed a paracentric inversion in chromo-
some 12q13, forming a fusion of two neighbor-
ing and partly overlapping genes: NAB2, which 
is transcribed from centromere to telomere, 
and STAT6, which is transcribed from telomere 
to centromere.

NAB2 is a transcriptional repressor involved in 
cellular differentiation and proliferation through 
the early growth response (EGR) family of zinc 
finger transcription factors, including EGR1, 
EGR2 and EGR3 [16]. STAT6 is a member of the 
signal transducers and activators of transcrip-
tion (STAT) family that mediates signal trans-
duction and has an important role in the 
immune function and cellular proliferation. 
STAT6 is normally located in the cytoplasm in 
resting cells as an inactive homodimer enters 
the nucleus stimulated by cytokines interleu-
kin-4 (IL-4) and IL-13 and subsequent tyrosine 
phosphorylation [17].

Recently, researchers have identified this novel 
NAB2-STAT6 fusion gene that represents the 
first molecular feature unique to SFTs/HPCs of 
any anatomical sites and regardless of benign 
or malignant [9-11]. In the context of SFTs/
HPCs, the tumor proliferating effect of the 
NAB2-STAT6 fusion gene is thought to result 
from the conversion of the transcriptional 
repressor NAB2 into a transcriptional activator 
by inheriting an activation domain from the sig-
naling molecule STAT6 [9].

The detection of the NAB2-STAT6 fusion gene 
can aid in diagnosing in SFTs/HPCs, however, 
the relevant molecular assays require special 
experts and expensive cost, so they are not 
used extensively in many laboratories or patho-
logical departments. Schweizer et al recently 
proposed the utility of STAT6 immunohisto-
chemistry as a surrogate for detection of the 
NAB2-STAT6 fusion gene [12].

Previous findings of the aggregate sensitivity of 
nuclear STAT6 immunohistochemistry for SFTs/
HPCs is 98%, with 202 positive staining in 206 
reported cases [12-14, 18]. In the Demicco et 
al recent research, they performed immunohis-
tochemical studies against the C-terminus of 
STAT6 in tissue microarrays, among their cases, 
they found an overall sensitivity of nuclear 
STAT6 for SFTs/HPCs was 87%, which was 

Figure 2. H&E and immunohistochemical studies of SFTs/HPCs. A-E: Case #1, benign SFT. F-J: Case #43, malignant 
SFT. A: SFT component was composed of spindle or oval-shaped tumor cells intervening with different thickness col-
lagen, some were broad bands of hyalinized collagen. Tumor cells arranged sparse and showed hemangiopericyto-
ma-like growth pattern. The cellular pleomorphism was invisible; H&E, 100×; B: Strong staining and diffuse nuclear 
positive (4+) for STAT6, 100×; C: Positive for CD34, 100×; D: Positive for CD99, 100×; E: Positive for Bcl-2, 100×; F: 
SFT hypercellular tumor cells arranged in hemangiopericytoma-like growth pattern. Tumor lesions showed increased 
mitoses (10 mitoses per 10 HPF), variable cytological atypia and dark stained nuclei; H&E, 100×; G: Cytoplasm posi-
tive for STAT6, 100×; H: Positive for CD34, 100×; I: Positive for CD99, 100×; J: Positive for Bcl-2, 100×.
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Table 2. Correlation between clinicopathological factors and IHC of STAT6, CD34, CD99 and Bcl-2 in 53 cases of SFTs/HPCs
STAT6 CD34 CD99 Bcl-2

Parameters N/53 + - P-
value + - P-

value + - P- 
value + - P- 

value
Sex 53/53 0.521 1.000 0.549 1.000

    Male 20 0 18 2 18 2 19 1

    Female 31 2 29 4 32 1 32 1

Age (years) 53/53 0.88 0.050 0.805 0.784

    Means (±SD) 49.12 (±12.680) 60.5 (±10.607) 50.77 (±12.462) 40 (±11.341) 49.44 (±12.426) 51.33 (±20.306) 49.45 (±12.689) 52 (±18.385)

Location 53/53 1.000 0.581 1.000 1.000

    Pleura 10 0 10 0 10 0 10 0

    Extrapleura 41 2 37 6 40 3 41 2

Size (cm) 53/53 0.434 0.317 1.000 1.000

    <10 cm 39 1 34 6 38 2 38 2

    ≥10 cm 12 1 13 0 12 1 13 0

Estimated dignity 53/53 0.87 1.000 1.000 0.517

    Benign 37 0 33 4 35 2 36 1

    Malignant 14 2 14 2 15 1 15 1

Classification 53/53 1.000 0.003 1.000 0.147

    SFTs 47 2 46 3 46 3 48 1

    HPCs 4 0 1 3 4 0 3 1
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lower than previous results. However, further 
analysis revealed that among cases resected 
within the past 5 years, STAT6 immunohisto-
chemistry displayed 97% sensitivity for SFTs/
HPCs, which was equivalent to the findings pre-
viously [19]. Thus, to reevaluate STAT6 staining 
in retrospective analysis, the risk of antigenicity 
losing should be kept in mind.

In our study, the sensitivity of STAT6 immuno-
histochemistry is 96.2%, which is 1%-2% less 
than previous studies. The difference may 
relate to the different study population and the 
histology of the cases, the specimen types, fix-
ation methods, the antibodies used and the 
interpretation of immunostaining. The other 
two STAT6 nuclear negative cases were both 
positive in cytoplasm for STAT6. Thus, STAT6 
positive in cytoplasm may have significance in 
diagnosis.

Previously, CD34, Bcl-2 and CD99 had been 
defined as sensitive markers of SFTs/HPCs, 
used in combination with an appropriate immu-
nohistochemical panel to separate SFTs/HPCs 
from other histologically similar tumors [20-22]. 
The most useful marker is CD34, which is a 
single-chain transmembrane glycoprotein 
expressed on the surface of the human hema-
topoietic stem and progenitor cells, which is 
also present in endothelial cells, and embryon-
ic fibroblasts [23]. Previous studies had consid-
ered the SFTs supposed origin from CD34-
positive dendritic interstitial cells [24] and had 
the ability to differentiate to fibroblastic cells. 
Thus, CD34 was considered a specific marker 
for SFTs. CD34 positive in immunohistochemis-
try has been reportedly revealed to be diffusely 
and strongly expressed in many cases of SFTs/
HPCs. However, approximately 5-10% of SFTs/
HPCs can be negative in CD34 [6]. The lost 
expression of CD34 can be found in high-grade 
foci or a recurrent tumor, and the conversion of 
a CD34-positive SFTs/HPCs to a CD34-negative 
lesion is related to malignant transformation 
[25]. Although CD34 is a useful marker in the 
diagnosis of SFTs/HPCs, one should keep in 
mind that its expression can be lost in high-
grade tumors and absence of CD34 does not 
rule out SFTs/HPCs and these three are less 
specific [15].

Moreover, recent studies showed CD34 is not 
entirely specific for SFTs/HPCs, because it can 
express in a variety of mesenchymal tumors, 

including dermatofibrosarcoma protuberans 
[26], hemangioendothelioma [27], gastrointes-
tinal stromal tumor (GIST) [28], pleomorphic 
hyalinizing angiectatic tumor of soft parts 
(PGAT) [29], acral myxoinflammatory fibroblas-
tic sarcoma (AMIFS) [30].

Establishment of SFTs/HPCs IHC diagnosis can 
be challenging as immunihistochemical mark-
ers such as CD34, CD99 and Bcl-2, because 
they are widely expressed in a variety of mesen-
chymal tumors that are neither sensitive nor 
specific. Therefore, a more specific marker 
needs to be found in clinical diagnosis.

CD34, bcl-2, and CD99 have recently been 
defined as sensitive markers of SFT, used in 
conjunction with an appropriate immunohisto-
chemical panel in order to separate SFT from 
other histologically similar neoplasms.

In conclusion, we found the nuclear STAT6 posi-
tive staining was present in 51 of 53 cases 
(51/53, 96.2% sensitivity). STAT6 is a highly 
sensitive marker for the diagnosing SFTs/HPCs. 
Together considered as immunohistochemical 
STAT6, CD34, CD99 and Bcl-2 findings could 
provide more supportive diagnostic infor- 
mation.
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