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Solitary fibrous tumor (SFT) is characterized by the inv12(q13q13)-derived NAB2–STAT6 fusion, which exhibits
variable breakpoints and drives STAT6 nuclear expression. The implications of NAB2–STAT6 fusion variants in
pathological features and clinical behavior remain to be characterized in a large cohort of SFTs. We investigated
the clinicopathological correlates of this genetic hallmark and analyzed STAT6 immunoexpression in 28
intrathoracic, 37 extrathoracic, and 23 meningeal SFTs. These 88 tumors were designated as histologically
nonmalignant in 75 cases and malignant in 13, including 1 dedifferentiated SFT. Eighty cases had formalin-fixed
and/or fresh samples to extract assessable RNAs for RT-PCR assay, which revealed NAB2–STAT6 fusion variants
comprising 12 types of junction breakpoints in 73 fusion-positive cases, with 65 (89%) falling into 3 major types.
The predominant NAB2ex4–STAT6ex2 (n= 33) showed constant breakpoints at the ends of involved exons,
whereas the NAB2ex6–STAT6ex16 (n= 16) and NAB2ex6–STAT6ex17 (n= 16) might exhibit variable breakpoints
and incorporate NAB2 or STAT6 intronic sequence. Including 73 fusion-positive and 7 CD34-negative SFTs,
STAT6 distinctively labeled 87 (99%) SFTs in nuclei, exhibited diffuse reactivity in 73, but did not decorate 98
mimics tested. In seven fusion-negative cases, 6 were STAT6-positive, suggesting rare fusion variants not
covered by RT-PCR assay. Regardless of histological subtypes, intrathoracic SFTs affected older patients
(P= 0.035) and tended to be larger in size (P= 0.073). Compared with other variants, NAB2ex4–STAT6ex2/4
fusions were significantly predominant in the SFTs characterised by intrathoracic location (Po0.001), older age
(P= 0.005), decreased mitoses (P= 0.0028), and multifocal or diffuse STAT6 staining (P= 0.013), but not found to
correlate with disease-free survival. Conclusively, STAT6 nuclear expression was distinctive in the vast majority
of SFTs, including all fusion-positive tumors, and exploitable as a robust diagnostics of CD34-negative cases.
Despite the associations of NAB2–STAT6 fusion variants with several clincopathological factors, their prognostic
relevance should be further validated in large-scale prospective studies of SFTs.
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Solitary fibrous tumor is a relatively uncommon
mesenchymal tumor of fibroblastic differentiation
in adults, which was prototypically described as
pleura-based1 but is currently known to ubiquitously
affect any anatomic site.2,3 Most solitary fibrous
tumors are clinically indolent, whereas the overall
rate of local recurrences and/or metastases is
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estimated to be ~ 10–15%.4,5 Although the extra-
pleural solitary fibrous tumors have been reported to
behave more aggressively, there were discordant
opinions among various series.3,4,6–8 Conventional
solitary fibrous tumor is characterized by patternless
proliferation of spindly tumor cells with alternating
cellularity, varying fibrosclerotic to myxoid stroma,
and elaborate staghorn vessels with or without
perivascular hyalinization.3,9 However, the varia-
tions in the cellular components, mitotic activity,
and stromal matrix constitute a broad clinicopatho-
logical spectrum of solitary fibrous tumors, which
not only poses difficulties in predicting clinical
aggressiveness but also brings about histological
subtypes challenging in distinguishing from other
benign or malignant mesenchymal neoplasms.3,9,10
In the past, solitary fibrous tumors were diagnosed
by combined assessment of clinicopathological con-
text and immunohistochemical markers with imper-
fect sensitivity and specificity, such as CD34, which
is not expressed in 5–10% of histologically char-
acteristic solitary fibrous tumors.3,6,9,10 In the era of
advocating minimally invasive needle biopsy for
deep-seated mesenchymal neoplasms, it is highly
desirable to have novel robust biomarker(s) or molec-
ular testing to aid in the diagnosis of difficult cases.

Recently, massive parallel sequencing studies
on solitary fibrous tumors have enabled the
groundbreaking discovery of an intrachromosomal
inversion-derived gene fusion, which juxtaposes the
neighboring NGFI-A binding protein 2 (NAB2) gene
and signal transducer and activator of transcrip-
tion 6, interleukin-4 induced (STAT6) gene on
12q13.11–13 As an initiating pathognomonic event
in both benign and malignant solitary fibrous
tumors, NAB2–STAT6 fusion identified in this
breakthrough incorporated solitary fibrous tumors
into the long growing list of mesenchymal neoplasms
defined by disease-specific gene fusions.14

Alternative fusion partners or exon compo-
sition types of some gene fusion-defined sarcomas
may modestly impact on clinical and biological
variations.15–17 Intriguingly, recent studies revealed
significant preponderance of the NAB2ex4–
STAT6ex2/3 variants over NAB2ex6–STAT6ex16/17
variants in pleuropulmonary solitary fibrous tumors,
and the former were associated with extensive
fibrosclerotic stroma, favorable histological vari-
ables, and perhaps indolent behavior.18,19 This
finding indicated that determining NAB2–STAT6
exon composition types in solitary fibrous tumors is
of potential clinicopathological interest. However,
the chimeric NAB2–STAT6 fusion transcript exhibits
highly variable breakpoints across 5′ exons of NAB2
and 3’ exons of STAT6, hence, rendering reverse
transcriptase polymerase chain reaction (RT-PCR)
assay more cumbersome to perform using formalin-
fixed, paraffin-embedded tissue.2,11–13,18 As the
resultant NAB2–STAT6 fusion protein drives the
nuclear entry of STAT6,11 several groups exploited
this biological character of STAT6 nuclear

expression to facilitate the discrimination between
solitary fibrous tumors and histological mimics,
without resorting to RT-PCR.10,20,21 However, Doyle
et al22 have notified that STAT6 nuclear expression
is driven by gene amplification and coamplified with
CDK4 and MDM2 in a minor subset of dedifferen-
tiated liposarcomas, a treacherous caveat liable to
result in misdiagnosis of solitary fibrous tumors,
given occasional presence of solitary fibrous tumor-
like histology in dedifferentiated liposarcomas.23,24

Aiming at better characterization of the relevance
of STAT6 nuclear entry and NAB2–STAT6 fusion
variants, we have comparatively analyzed the
STAT6 immunoexpression and NAB2–STAT6 exon
composition types and correlated the findings with
clinicopathological features of a large cohort of
recently accessioned thoracic, extrathoracic, and
meningeal solitary fibrous tumors.

Materials and methods

Patient Cohort

This study was approved by the institutional review
board of Chang Gung Memorial Hospital, which
granted exemption of informed consent for tissue
procurement after an anonymous unlinked process
(102-3703B, l02-3843B). To perform RT-PCR assay,
the personal consult file (HYH) and archives of
Chang Gung Hospitals in Kaohsiung and Taoyuan
were searched for cases coded as solitary fibrous
tumor, hemangiopericytoma, and giant cell angiofi-
broma with primary or recurrent formalin-fixed,
paraffin-embedded specimens resected after 2009
and/or available fresh tissues. After a central review
of hematoxylin eosin-stained slides to exclude
potential histological mimics, 88 diagnostically con-
firmed solitary fibrous tumors formed the study
cohort for further clinicopathological, immunohisto-
chemical and molecular analyses, including 84 with
only formalin-fixed, paraffin-embedded materials,
2 with only cryopreserved fresh tissues, and 2 with
both fresh and formalin-fixed, paraffin-embedded
tissues. As shown in the Table 1, there were 28
intrathoracic, 37 extrathoracic, and 23 meningeal
cases. Their histological features were regarded as
conventional, cellular, atypical, malignant, or de-
differentiated based on the WHO tumor classification
of Tumors of Soft tissue as detailed by Doyle et al3,10
Briefly, it requires 44 mitoses per 10 high-power
fields (HPFs) to designate malignant solitary fibrous
tumors, with or without hypercellularity, nuclear
atypia, tumor necrosis, and infiltrative borders. Those
with apparent nuclear atypia but ≤4 mitoses/10
HPFs were classified as atypical solitary fibrous
tumors. Not fulfilling the criteria of malignant or
atypical solitary fibrous tumors, cellular variants
were reminiscent of so-called hemangioper-
icytomas, and characterized by diffusely increased
cellularity with scant collagenous stroma. For the
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simplification in statistics, we dichotomized solitary
fibrous tumors into two groups (Table 1), namely
histologically nonmalignant and malignant, with the
conventional, cellular, and atypical variants jointly
categorized into the former group. Clinicopathological
and follow-up data, such as age at presentation, tumor
sizes, and the dates of local recurrences and metas-
tases, were obtained by reviewing the electronic
medical charts. To examine the specificity of STAT6
nuclear expression, we recruited a wide variety of 98
benign or malignant mesenchymal neoplasms listed
in Supplementary Table S1 as controls, which
principally presented with prominent staghorn vascu-
lature and underwent molecular confirmation in
translocation-associated tumor types.

Immunohistochemistry

To perform STAT6 immunohistochemistry, one
representative formalin-fixed tissue block was recut
at 3-μm thickness from each solitary fibrous tumors
and control case. The recut sections were micro-
waved in citrate buffer at pH 6.0 for 15min and
incubated with a primary rabbit monoclonal anti-
body against STAT6 (1:100, YE361, GeneTex),
followed by detection with Envision Plus system
(DAKO). The staining intensity (0, no staining;

1, mild; 2, moderate; 3, strong) and extent (0,
o1%; 1, 1–25%; 2, 26–50%; 3, 51–75%; 4: 475%)
were recorded for each case, with only nuclear
staining being considered positive. CD34 stain was
performed in 82 cases at the initial diagnosis and
reappraised using the same scoring method for
STAT6 assessment, except for evaluating only the
cytoplasmic staining. Two pathologists (HCT) and
(ICC) independently scored the immunohisto-
chemical findings without knowledge of patient
outcomes and molecular testing results. For cases
with discrepancies between two observers, the
senior author (HYH) joined the reading to reach a
consensus by a majority vote under multiheaded
microscopy.

RT-PCR

Regardless of the tissue sources, detection of NAB2–
STAT6 fusion transcript by RT-PCR was performed
in all 88 cases with available formalin-fixed,
paraffin-embedded, and/or fresh materials. Briefly,
RNA was extracted from fresh and formalin-fixed,
paraffin-embedded tissues by RNeasy Mini Kit
(Qiagen) and RecoverAll Total Nucleic Acid Isola-
tion Kit (Ambion), respectively. Following the
manufacturers’ instructions, 2 μg of total RNA from

Table 1 Clinicopathological and immunohistochemical features of 88 solitary fibrous tumors in relation to different anatomical regions

Total Intrathoracic (n =28) Extrathoracic (n=37) Meningeal (n =23) P-values

Sites 88 Pleura (21)
Lung (5)

Mediastinum (1)
Pericardium (1)

Head and neck (14)
Extremities (8)

Trunk (7)
Retroperitoneum/
abdomen/pelvis (8)

Supratentorial (14)
Infratentorial (7)
Spinal (1 thoracic,

1 lumbar)

NA

Gender 88 0.963
Male 49 15 21 13
Female 39 13 16 10

Age (Years)a 50.37 ± 13.878
(range, 13–82)

55.93±12.765 49.70±14.634 44.70±11.726 0.035

Size (cm)b,c 6.34 ± 5.128
(range, 0.8–27.5)

9.02±7.045 5.08±3.722 4.82±1.627 0.073

Histologic subtypes 88 0.476
Nonmalignant 75 22 33 20
Malignant 13 6 4d 3

Mitotic figures(/10 HPFs)b 2.52 ± 5.043
(range, 0-30)

3.07±6.711 2.03±4.00 2.61±4.186 0.403

STAT6 extent 88 0.241
0+~2+ 15 2 8 5
3+~4+ 73 26 29 18

Abbreviations: HPFs, high-power fields; NA, not applicable.
aOne-way ANOVA.
bMann–Whitney.
c81 informative cases.
dIncluding one dedifferentiated solitary fibrous tumor of the pelvis.
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each fresh or formalin-fixed, paraffin-embedded
sample was used to synthesize the first-strand cDNA
using ImPromII RT System (Promega). The subse-
quent PCR was performed by Platinum Taq DNA
polymerase (Invitrogen) in a final reaction volume of
25 μl, using 2 μl of cDNA product and newly
designed primer sets I to VIII to cover most of the
fusion transcripts with various previously reported
exon compositions11,13,18,19 as listed in Supplemen-
tary Table S2. The thermal protocol started with
95 °C for 5min for denaturation, followed by 38
cycles of amplification for formalin-fixed, paraffin-
embedded specimens and 35 cycles for fresh speci-
mens, which consisted of 95 °C for 30 s, a touchdown
temperature gradient from 62 to 59 °C in cycles 1 to 4
and 58 °C in the remaining cycles for 30 s, and 72 °C
for 45 s, and a terminal elongation step of 72 °C for
10min. Housekeeping phosphoglycerate kinase
(PGK) gene was used as indicators of RNA quality.
Negative controls without cDNA template or RT
enzyme were amplified in parallel to ensure no false-
positive findings. The PCR products were separated
on 2.0% agarose gels with ethidium bromide and
visualized under UV illumination. In selected cases
harboring major NAB2ex4–STAT6ex2, NAB2ex6–
STAT6ex16, and NAB2ex6–STAT6ex17 fusion var-
iants, their PCR-amplified products were validated
by Sanger sequencing (Applied Biosystems 3730
DNA Analyzer) to serve as the positive controls. In
these sequenced reference cases, there was neither
interruption of the integrity of juxtaposing exons
at the breakpoints nor incorporation of intronic
sequences of NAB2 and STAT6 genes, hence,
yielding PCR products of fixed amplicon sizes
for comparison in the subsequent assays. All discrete
bands of other possible fusion variants were
all similarly determined for their breakpoints and
exon compositions using Sanger sequencing and
analyzed by the BLAST provided by the National
Center for Biotechnology Information. The NAB2
and STAT6 exons were numbered as previously
reported according to the Ensembl platform (www.
ensembl.org/).19

Statistical Analysis

Agreement on the extent of STAT6 nuclear expres-
sion between observers was evaluated by κ statistics.
Associations and comparisons of STAT6 immuno-
expression or NAB2–STAT6 fusion variants with
various clinicopathological parameters were evalu-
ated by the χ2- or Fisher's exact test for categorical
variables and Mann–Whitney test for continuous
variables as appropriate. The end point evaluated
was disease-free survival. In univariate survival
analysis, Kaplan–Meier curves were plotted and
the difference between groups compared by the
log-rank test. For all analyses, two-sided tests of
significance were used with Po 0.05 considered
significant.

Results

Clinicopathological Features and Follow-up

As tabulated in Table 1, there were 49 male and 39
female patients with solitary fibrous tumors, ranging
widely in age from 13 to 82 years (median, 51 years;
mean, 50 years). Patients with intrathoracic solitary
fibrous tumors ranked the oldest, who were signifi-
cantly older than those with extrathoracic and
meningeal tumors (P=0.035). Of 81 solitary fibrous
tumors with known size (range, 0.8–27.5 cm),
intrathoracic cases tended to present with a larger
size than the extrathoracic and meningeal counter-
parts (P=0.073). Histologically, these 88 cases were
categorized into 75 nonmalignant solitary fibrous
tumors, including 53 conventional (Figures 1a1 and
b1) or cellular (Figure 1c1), 22 atypical (Figure 1d1)
variants, and 13 malignant solitary fibrous tumors
(Figure 1e1), including 1 dedifferentiated variant
(Figure 1f1). In the conventional/cellular solitary
fibrous tumors, 5 cases (orbits, 2; trunk, 2; nasal
cavity, 1) exhibited focal or prominent giant cell
angiofibroma-like histology with multinucleated cells
surrounding pseudoangiomatous spaces (Figure 1g1), 2
fat-forming solitary fibrous tumors contained mature
adipocytes (Figure 1h1), and 1 case had multinodular
growth of elaborate vessels with varying calibers,
reminiscent of that seen in soft-tissue angiofibroma
(Figure 1i1). In the dedifferentiated solitary fibrous
tumor, there was an abrupt interface between the
conventional hypocellular solitary fibrous tumor and
the dedifferentiated component featuring solid sheets
of closely packed, small hyperchromatic round cells
with increased mitoses and geographic necrosis
(Figure 1f1). Tumor location was neither associated
with histological subtypes nor with mitotic rates.

Follow-up data were available in 79 cases with
a median duration of 22.8 months (1.9 years;
range, 0.1–12.4 years). At last follow-up, 67 patients
were doing well after tumor resection with no
evidence of disease, including 3 meningeal cases
receiving postoperative adjuvant radiotherapy. Eight
patients were alive with tumors, including six with
cellular meningeal solitary fibrous tumors having
persistent or recurrent diseases, one with a malig-
nant meningeal solitary fibrous tumor developing
four local recurrences, and one with a malignant
pleural solitary fibrous tumor exhibiting multiple
pulmonary metastases. Three patients were dead
of tumors, including one with a malignant menin-
geal solitary fibrous tumor afflicted by uncontrolla-
ble local recurrences and two with malignant
pleural solitary fibrous tumors developing metastases
to the bones and lungs. The only one patient dead
of unrelated cause had a 2.2-cm conventional
solitary fibrous tumor on the back. Compared with
the nonmeningeal counterpart, the meningeal loca-
tion was the only factor marginally associated with
worse disease-free survival (Figures 2a, P=0.0554),
whereas other variables were not significant regarding
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Figure 1 Histological spectrum and STAT6 nuclear reactivity in various subtypes of solitary fibrous tumors. (a1) A conventional pleural
solitary fibrous tumor, harboring NAB2ex4–STAT6ex2 fusion, exhibits alternating cellularity of bland spindle cells and staghorn vessels
with perivascular hyalinization. (b1) Another pleural solitary fibrous tumor, also harboring NAB2ex4–STAT6ex2 fusion, shows diffuse
hypocellularity and sclerotic matrix with staghorn vessels and thick collagen fibers (inset). (c1) A cellular meningeal solitary fibrous tumor,
harboring NAB2ex6–STAT6ex17 fusion, shows closely packed oval tumor cells around thin-walled capillaries in the paucity of collagen
fibers. (d1) A pleura-based atypical solitary fibrous tumor, harboring NAB2ex4–STAT6ex2 fusion, exhibits storiform or fascicular growth of
at least moderately atypical spindle cells without increased mitoses (inset). (e1) A histologically malignant meningeal solitary fibrous
tumor, harboring NAB2ex6–STAT6ex16 fusion, is characterized by hypercellular proliferation of round to oval tumor cells, with a mitotic
count 44 per 10 HPFs (inset, increased mitoses). (f1) A dedifferentiated solitary fibrous tumor of the pelvic cavity shows an abrupt
interface between the conventional (left upper) and dedifferentiated (right lower) components, with sheet-like growth of high-grade small
round cells in the latter (inset) and identical NAB2ex6–STAT6ex16 fusion being detected in both components. (g1) An inguinal giant cell
angiofibroma-like solitary fibrous tumor, harboring NAB2ex4–STAT6ex2 fusion, displays small cracking spaces surrounded by multiple
multinucleated giant cells. (h1) A cellular fat-forming solitary fibrous tumor shows aggregates of mature adipocytes among tumor cells. (i1)
A soft-tissue angiofibroma-like solitary fibrous tumor of the back exhibits scattered spindle cells within a rich vascular network
comprising vague lobules of small capillaries with peripheral hyalinized vessels. (a2–i2) The corresponding STAT6 immunostains of
Figures a1-i1 reveal diffuse strong nuclear labeling in most cases, whereas moderate intensity was observed in the representative atypical
(d2) and dedifferentiated (f2) variants.
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this endpoint on account of the relatively shorter
follow-up time and fewer adverse events.

Immunohistochemistry

Immunohistochemically, CD34 was positive in 74
out of 82 cases (90%). There was excellent

concordance between two pathologists in the inter-
pretation of nuclear STAT6 immunoexpression
(κ=0.872, 95% CI: 0.735–1.000). As seen in Figure
1a2–i2 and Table 1, STAT6 distinctively decorated
the nuclei with moderate to strong intensity in 87
(99%) of 88 solitary fibrous tumors tested, the
staining extent of which was multifocal (3+) or

Figure 1 Continued.

Figure 2 (a) In the log-rank prognostic analyses, the meningeal location is the only clinicopathological factor that is marginally related to
worse disease-free survival. (b) Regarding disease-free survival, solitary fibrous tumors with NAB2ex4–STAT6ex2/4 fusions are not
prognostically different from those with all other fusion variants.
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Figure 3 A schematic diagram of frequency distribution and exon compositions of various NAB2–STAT6 fusion patterns in 73
successfully analyzed solitary fibrous tumors using RT-PCR. Note exons 7–15 of STAT6 are incompletely illustrated and indicated by a
hatched segment. ‡, breakpoints within the truncated exons; Italic I, NAB2 or STAT6 intronic sequence.

Figure 4 NAB2–STAT6 fusion variants in solitary fibrous tumors identified by RT-PCR and Sanger sequencing. (a) In the gel
electrophoresis of PCR products, various NAB2–STAT6 fusions with heterogeneous exon compositions in representative tumors are
identified using eight primer pairs (upper, I–III; middle, IV–VIII). The seven solitary fibrous tumors negative for detection of NAB2–STAT6
fusion by RT-PCR shows amplifiable housekeeping PGK transcript (lower). *Fusion transcript validated by direct sequencing.
‡, breakpoints within the truncated exons. The red arrow in lane 18 indicates the in-frame fusion product of the 2 bands obtained. (b1,2)
Direct Sanger sequencing reveals 12 different junction breakpoints in representative cases as labeled using the lane numbers on the gels in
(a). Of note, the case in lane 10 demonstrates a stretch (18 bp) of STAT6 intronic sequence between the 3′-end of NAB2 exon 6 and 5′-end
of STAT6 exon 17, whereas the case in lane 15 harbors a stretch (39 bp) of NAB2 intronic sequence between the 3′-end of NAB2 exon 6 and
5′-end of STAT6 exon 16. ‡, breakpoints within the truncated exons.
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diffuse (4+) in 73 (83%) cases. Of the eight CD34-
negative solitary fibrous tumors, seven cases exhib-
ited STAT6 nuclear expression, being focal in three
and multifocal/diffuse in four. There was no statis-
tically significant difference in the staining extent
among intrathoracic, extrathoracic and meningeal
solitary fibrous tumors. Moreover, STAT6 nuclear
expression was observed in none of the 98 histologic
mimics tested, except for nonspecific cytoplasmic
staining noted in few cases.

Determination of NAB2–STAT6 Fusion Variants and
Their Clinicopathological and Immunohistochemical
Correlations

In the RT-PCR assay, NAB2–STAT6 fusion variants
with considerable heterogeneity in exon composi-
tions were successfully detected in 73 samples by
using 8 primer pairs (Supplementary Table S2,
Figures 3 and 4), which revealed 12 types of junction
breakpoints as a whole. The breakpoints were iden-
tical between cryopreserved primary tumors and
formalin-fixed, paraffin-embedded recurrent lesions
in two cases and between the conventional and
dedifferentiated components in one dedifferentiated
solitary fibrous tumor. Eight cases were noninforma-
tive because of RNA degradation as indicated by
nonamplifiable PGK mRNA, whereas seven cases
with amplifiable PGK showed no detectable NAB2–
STAT6 gene fusion using the same primer pairs.
NAB2ex4–STAT6ex2 was present in 33 cases, repre-
senting the most frequent variant (Figure 3). The

functionally similar NAB2ex6–STAT6ex16 and
NAB2ex6–STAT6ex17 variants were present in
16 cases each, both equally ranking the second
(Figure 3). Notably, one solitary fibrous tumor with
NAB2ex6–STAT6ex16 additionally incorporated
39-bp intronic sequence of NAB2 fused in frame to
the 5′-end of STAT6 exon 16, and another solitary
fibrous tumor with NAB2ex6–STAT6ex17 had an
intervening 18-bp intronic sequence of STAT6 fused
in frame to the 5′-end of STAT6 exon 17 (Figure 4b2).
Other unusual types of gene fusions were NAB2ex3–
STAT6ex19 and NAB2ex7–STAT6ex2 in two cases
each, and NAB2ex3–STAT6ex2, NAB2ex4–STAT6ex4,
NAB2ex6–STAT6ex3, and NAB2ex6–STAT6ex18 in
one case each.

As seen in the Table 2, patients with solitary
fibrous tumors harboring the NAB2ex4–STAT6ex2/4
transcripts were significantly older in the mean
age at presentation (P=0.005, 54.03 years vs 46.28
years), indicating possible age-related variability in
the exon compositions of NAB2–STAT6 fusion
transcripts. The NAB2ex4–STAT6ex2/4 variants
were strongly associated with the intrathoracic
solitary fibrous tumors (Po0.001), in contrast to
the dominance of all other fusion types in both
extrathoraic and meningeal solitary fibrous tumors.
Furthermore, solitary fibrous tumors with NAB2ex4–
STAT6ex2/4 were significantly associated with
lower mitotic rates (P=0.028) and multifocal/
diffuse STAT6 nuclear reactivity (P=0.013), while
9 of 39 cases with other fusion variants displayed
focal nuclear STAT6 expression only. There was
no prognostic difference in disease-free survival

Table 2 Associations of NAB2–STAT6 gene fusion variants with clinicopathological parameters and STAT6 immunoexpression status in
73 solitary fibrous tumors

Case no.

NAB2–STAT6

P-values
NAB2ex4–STAT6ex2/4 All other types

Sex 0.719
Male 37 18 19
Female 36 16 20

Age (years)a 54.03±12.965 46.28±11.560 0.005

Location o0.001
Intrathoracic 28 23 5
Extrathoracic 26 9 17
Meningeal 19 2 17

Histologic classification 0.461
Nonmalignant 62 30 32
Malignant 11 4 7

Tumor size (cm)b 7.87±6.810 5.74±3.655 0.660
Mitotic count (/10 HPFs)b 1.79±3.825 3.34±6.037 0.028

STAT6 extent 0.013
0+~2+ 10 1 9
3+~4+ 63 33 30

aOne-way ANOVA.
bMann–Whitney.
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between solitary fibrous tumors harboring NAB2ex4–
STAT6ex2/4 and other fusion variants (Figures 2b,
P=0.2175).

Discussion

Gene fusions in bone and soft-tissue neoplasms are
currently known to derive from chromosomal trans-
locations, whereas the underlying differences in the
exon compositions or fusion partners may variably
dictate the tumor biology in terms of morphology
and clinical behavior.15–17,25,26 For instance, patients
with metastatic alveolar rhabdomyosarcomas harbor-
ing PAX3–FOXO1 fare worse than those with PAX7–
FOXO1-positive metastatic tumors.16 In synovial
sarcomas, there are strong correlations between
SSX2 rearrangements and monophasic histol-
ogy and between SSX1 rearrangements and prefer-
ence of extremities in tumor location.15,25,27 In
contrast, there is at most modest, if any, prognostic
difference between heterogeneous fusion variants
(EWSR1–FLI1 type 1 fusion vs others) in Ewing
sarcomas.17,26,28

Notably, few mesenchymal tumor types with
specific gene fusions discovered to date do not
exhibit typical chromosomal translocations visible
at the karyotypic level.11,13,14,29,30 Instead, this minor
subset harbors previously unrecognized intrachro-
mosomal inversion(s), eg, inv(12) (q13q13) in solitary
fibrous tumors,11,13 or interstitial deletion(s), eg del(8)
(q13.3q21.1), in mesenchymal chondrosarcomas.30
In these tumors, the rearranged partner genes have
been recently identified by sophisticated profiling or
sequencing technology to characterize disease-defining
molecular hallmarks.11,13,30 Of these, the NAB2–
STAT6 fusion as the main molecular driver of solitary
fibrous tumors is unique among currently known gene
fusions in mesenchymal tumors for its difficulty in
applying FISH to aid in diagnosis. This is ascribed to
the close proximity of rearranged NAB2 and STAT6
genes that precludes adequate resolution of florescent
signals.11,13 To make matters complicated, the tremen-
dous variability in both NAB2 and STAT6 breakpoints
even exceeded the complexity reported in the EWSR1–
FLI1 fusion of Ewing sarcomas28 and in the FUS–
CREB3L1/2 fusions of low-grade fibromyxoid
sarcomas,31 making the delineation of exon composi-
tions in the resultant fusion variants more cumbersome
and requiring several RT-PCR assays to cover the less
prevalent variants.11,13,18,19 Given the nuclear entry of
STAT6 driven by the NAB2–STAT6 gene fusion,
several studies have reported the roles of STAT6
nuclear expression both in authenticating CD34-
negative solitary fibrous tumors and in distinguishing
solitary fibrous tumors from histological mimics featur-
ing staghorn vasculature and/or CD34 reactivity.10,20,21
In this study, STAT6 exhibited distinctive nuclear
labeling in seven of eight CD34-negative solitary
fibrous tumors with typical histology, indicating its
better sensitivity. In addition, we experienced a

peculiar CD34-positive tumor with a rich, but poten-
tially misleading, vascular network of lobules of
capillaries and dilated staghorn vessels, which closely
mimicked a soft-tissue angiofibroma but turned out to
be a solitary fibrous tumor with diffuse STAT6 nuclear
expression.32 Except for nonspecific cytoplasmic stain-
ing found randomly in few cases, the diagnostic
specificity of STAT6 was also exemplified in 98
histological mimics, which embraced 37 benign or
malignant mesenchymal tumor types and lacked
STAT6 nuclear expression in every sample tested.
Some tumor types in the negative control group had
never been previously examined for STAT6, such as
superficial angiomyxoma, juvenile nasopharyngeal
angiofibroma, inflammatory fibroid polyp, angioma-
toid fibrous histiocytoma, and spindle cell/sclerosing
rhabdomyosarcoma.

The advantage of STAT6 immunostaining in
sparing laborious RT-PCR assays may raise the
question about necessity of ascertaining the exon
compositions of individual fusion variants in solitary
fibrous tumors. Prior expression profiling analysis
indicated a homogenous transcriptional signature of
solitary fibrous tumors, which clustered in a distinct
genomic group from other sarcoma types and was
independent of anatomic sites.33 However, this study
was published before the identification of NAB2–
STAT6, lacking the clustering analysis for various
fusion types to interrogate whether there are differ-
ent transcriptional repertoires of downstream target
genes regulated by NAB2–STAT6. Therefore, it
remains desirable to better characterize whether the
intrinsic genetic difference of this molecular hall-
mark may dominate the observed clinicopathologi-
cal variability in solitary fibrous tumors from various
primary locations. To elucidate the potential impact
of individual NAB2–STAT6 fusion variants, we
adopted multiple primer pairs to determine exon
compositions for robust correlations with clinical,
pathological, and STAT6 immunohistochemical
finding of solitary fibrous tumors. Since fresh tumor
samples are not always available, this attempt was
most easily attainable by analyzing a large series of
recently obtained formalin-fixed, paraffin-embedded
samples from various representative locations as
performed in this study. Given the potential limita-
tions of UV illumination for detecting small changes
in transcript size, we only determined NAB2ex4–
STAT6ex2, NAB2ex6–STAT6ex16, and NAB2ex6–
STAT6ex17 with constant breakpoints at the exonic
junction ends of both NAB2 and STAT6 genes by
comparing the product sizes with known sequenced
controls. When leaving aside eight cases with
nonanalyzable degraded RNAs, our overall positive
detection rate of NAB2–STAT6 fusion was 91%
(73/80), comparable to 92% (48/52) in a recent
study.19 Of the remaining seven cases, six were
diffusely positive for STAT6 nuclear expression, but
undetectable for NAB2–STAT6 fusion. This discrep-
ancy between the NAB2–STAT6 chimeric transcript
and STAT6 protein in expression might be
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attributable to complex rearrangements involving
other exons beyond the coverage of our primer
combination or potential existence of an unrecog-
nized alternative partner gene other than NAB2.

Compared with prior data,19 we yet obtained a
slightly higher prevalence rate (89% vs 75%) of three
major fusion variants, namely NAB2ex4–STAT6ex2,
NAB2ex6–STAT6ex16, and NAB2ex6–STAT6ex17,
among all successfully analyzed cases. In addition,
solitary fibrous tumors harboring NAB2ex4–
STAT6ex2/4 not only presented with an older age
and a predilection for the intrathoracic region but
also exhibited significantly lower mitotic activity in
our series. These findings reinforced the presump-
tion claimed by Barthelmeß et al19 that solitary
fibrous tumors harboring NAB2ex4–STAT6ex2/3/4
were distinct from those with other fusion types in
several clinicopathological aspects. In their study,
solitary fibrous tumors withNAB2ex6–STAT6ex16/17
more frequently exhibited cellular histology with
scanty collagenous stroma, a predominance of non-
pleuropulmonary sites, younger patient ages, and
perhaps more aggressive behavior. As summarized
in Table 3, ~ 40% (19/48) of cases with informative
RT-PCR finings in the series of Barthelmeß lacked
information of follow-up durations, and the prog-
nostic comparison for different fusion variants was
not evaluated by the ordinary log-rank method.
Similar to the series of Akaike et al18 (Table 3), we
could not significantly distinguish between genetic

subsets of solitary fibrous tumors with different exon
compositions in disease-free survival, leaving the
real prognostic impact of NAB2–STAT6 fusion
variants undetermined. Admittedly, the desired
optimization of RT-PCR in detecting NAB2–STAT6
fusion variants necessitated the extraction of most
recently resected formalin-fixed, paraffin-embedded
specimens with inherent limitation in the length of
follow-up duration and the number of adverse
events, which may account for the absence of
significant prognostic impact of increased mitoses
and malignant histology in our series. Moreover,
among the three series for comparison in Table 3, our
cohort notably contained the highest percentage of
solitary fibrous tumors classified as nonmalignant
with the lowest mean mitotic rate, conceivably
requiring even longer follow-up time for adverse
events to occur.

In our series, we found that the intrathoracic
solitary fibrous tumors tended to be larger in size and
presented with a significantly older age than the
extrathoracic and meningeal counterparts. This
location-associated variability could be partly
explained by the fact that the presentation of
intrathoracic solitary fibrous tumors was usually an
incidental discovery on chest X-ray or CT with a
longer preoperative duration to form a sizable mass
or become symptomatic at the older age. In uni-
variate analysis, only the meningeal location showed
a marginal trend toward association with worse

Table 3 Comparisons of clincopathological and follow-up data of SFTs with known NAB2–STAT6 fusion variants in three series

Barthelmeß et al19 Akaike et al18 Present study

Case number with known
NAB2–STAT6 fusion variants

48 40 73

Location
Intrathoracic 26 24 28
Extrathoracic 22 12 26
Meningeal 0 4 19

Histological Classification
Nonmalignant 37 22 62
Malignant 11 18a 11

Mitotic figure (mean± s.d.) 4.73±10.772/10 hpf 4.875±15.078/10 hpf 2.548±5.044/10 hpf
≦ 4/10 hpf 37 32 62
44/10 hpf 11 8 11

Median follow-up duration
(range)

5 years (1-26)
NA=19b

2.3 years (0.1-11.8)a 1.9 years (0.1–12.4)
NA=6b

NAB2–STAT6 fusion patterns Case Adverse
outcome

Case Adverse
outcome

Case Adverse
outcome

NAB2ex4–STAT6ex2/3/4 27 1/16 (6%)c 21 3/21 (14%) 34 1/33 (3%)c

Non-NAB2ex4 fusion type 21 4/13 (31%)c 19 5/19 (26%) 39 5/34 (15%)c

Abbreviation: NA, not available.
aTwo histological classification systems of SFTs were presented by Akaike et al, and only the Vallat-Decouvelaere’s system, not strictly requiring
44/10 hpf (high-power fields) to define malignancy, was shown in this table. NA, not available.
bNumber of cases lacking follow-up.
cOnly informative cases with follow-up are taken into account. Adverse outcomes include recurrence, metastasis, and tumor-related mortality.
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disease-free survival, which might be attributable to
the difficulty in achieving complete resection of
solitary fibrous tumors in this anatomical region.34
However, the possible intrinsic biological effect of
the preponderant NAB2ex6–STAT6ex16/17 fusions
(17 of 19) in meningeal solitary fibrous tumors could
not be totally excluded at this point. Therefore, it is
of potential interest to elucidate the prognostic
relevance of NAB2–STAT6 gene fusions in a future
large-scale study comprising prospectively accrued
solitary fibrous tumors with molecular characteriza-
tion at diagnsosis, balanced proportions of tumors
from various anatomic regions, and longer subse-
quent follow-up. For the part of molecular testing,
we propose to first discriminate the NAB2ex4–
STAT6ex2/3 from other non-NAB2ex4-fused fusion
patterns using primer pair I, followed by simulta-
neous detection of NAB2ex–STAT6ex16 and
NAB2ex6–STAT6ex17 using separate primer pairs
III and IV, and then specific determination of rare
fusion variants using individual primer pairs as
appropriate for negative cases.

In conclusion, our immunohistochemical and
molecular analyses of solitary fibrous tumors rein-
force the diagnostic sensitivity and specificity of
STAT6 nuclear immunoexpression in the differen-
tial diagnosis of histological mimics. We further
delineate the common and rare NAB2–STAT6 fusion
variants in solitary fibrous tumors, of which the
NAB2ex4–STAT6ex2, NAB2ex6–STAT6ex16, and
NAB2ex6–STAT6ex17 represent the three major
fusion variants. The large case number of this study
enables more robust correlation between the clin-
icopathological features and molecular data, identi-
fying that those NAB2ex4-fused solitary fibrous
tumors are distinct from non-NAB2ex4-fused coun-
terparts in many clinicopathological aspects, such as
locations, ages, and mitotic activity. However, the
prognostic relevance of NAB2–STAT6 fusion var-
iants should be further validated in future large-scale
prospective studies with longer follow-up duration.
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