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BACKGROUND: Solitary fibrous tumor (SFT) is an

uncommon but well-characterized soft tissue tumor that

was first described as a pleural lesion and now is considered

ubiquitous, having been detected at many extra-pleural

sites (abdominal cavity, orbit, upper respiratory tract, and

oral cavity). Histologically, SFT may show wide morpho-

logical variability of both its cellular and stromal compo-

nents, which may lead to incorrect diagnosis especially

when dealing with small incisional biopsies.

MATERIALS: We report on the clinical, morphological

and immunohistochemical features of eight SFT occur-

ring in the oral cavity.

RESULTS: Microscopically all eight tumors showed widely

variable morphological features in terms of cellular density

and stromal architecture, thus simulating benign fibrous

histiocytoma, schwannoma, hemangiopericytoma or

low-grade sarcoma in distinct areas of the same lesion.

Among these eight cases, five had been diagnosed as SFT,

two as benign fibrous histiocytoma and one as low-grade

sarcoma.

CONCLUSIONS: In consideration of the heterogeneous

morphological appearance of SFT, inaccurate sampling of

the mass may lead to misdiagnosis and inappropriate

treatment. Therefore, an accurate histological examina-

tion of multiple tissue sections is advised, along with the

use of appropriate immunostains.
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Introduction

Solitary fibrous tumor (SFT) is an uncommon mesen-
chymal neoplasm, originally reported in the pleura or

other serosal sites (e.g. peritoneum and pericardium).
Even if the microscopic features of SFT were first
detailed by Wagner in 1870, who suggested the
mesothelial origin of SFT, it was only in 1931 that
Klemperer and Rabin more appropriately described
this neoplasm as a subpleural lesion distinct from
mesothelioma (1, 2).

Solitary fibrous tumor is a benign neoplasm exhibiting
a variegation of histological patterns, low mitotic index
but no cytologic atypia or necrosis, which very rarely
may show a more aggressive clinical course (3–7).

Less than 800 pleural SFT (5, 8) have been reported
so far, along with cases arising in the peritoneum,
pericardium, mediastinum and in several extra-serosal
sites as orbit, liver, thyroid, male reproductive system,
breast, skin and, more rarely in the cervico-facial
district (7–17). Even more rarely SFT has been
described in the oral cavity (tongue, hard palate and
cheek) (18–29).

The clinical presentation and the morphological and
immunohistochemical profiles of oral SFT are com-
parable with those of pleural and extra-pleural SFT.
Microscopically, these neoplasms show an extremely
broad range of morphologic patterns, alternating
hypercellular areas with storiform or fascicular pat-
tern, characterized by thin collagen bands disposed
parallely, with hypocellular areas, which contain
abundant and dense keloid-type collagen. The vascular
component may be abundant and surrounded by
prominent stromal cells in a hemangiopericytoma-like
pattern. Multinucleated giant cells can be present
within the stroma.

The morphological appearance of STF may be
extremely variable from tumor to tumor and
within the same tumor and can possibly lead to
misdiagnosis with other benign or malignant soft tissue
neoplasms.

Besides the study of Alawi et al. (18), we report on the
largest series of oral SFT, consisting of eight cases, with
the aim of further illustrating the morphological
variability of this entity and of stressing the importance
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Chirurgiche., Università degli Studi di Foggia, Via Carelli 28, 71100
Foggia, Italy. Tel: +39 881 685809, Fax: +39 881 685809, E-mail:
llomuzio@tin.it
Accepted for publication April 15, 2007

J Oral Pathol Med (2007) 36: 538–42

ª 2007 The Authors. Journal Compilation ª Blackwell Munksgaard Æ All rights reserved

www.blackwellmunksgaard.com/jopm

doi: 10.1111/j.1600-0714.2007.00568.x



of tumor sampling in view of accurate diagnosis and
appropriate treatment of oral SFT.

Materials and methods
Subjects
The original histological preparations (stained with
hematoxylin–eosin and Gomori’s reticulin) of all benign
mesenchymal intra-oral tumors included in the files of
Pathology Department of the University of Bari
between 1975 and 2000, with the exception of pure
lipomas, were retrieved. A total of 128 cases were
subjected to morphological re-evaluation and those
fitting into the criteria of Chan et al. (4) and Alawi
et al. (18) were selected for further immunohistochem-
ical analyses. Briefly, the above criteria for inclusion in
this study were tumor circumscription, presence of
alternating foci of hypercellular and hypocellular areas
composed of bland-looking spindle or ovoid cells,
evidence of fascicular or storiform arrangement of the
spindle cell component, intimate admixture of collagen
fibrils with spindle cells, low (<4 ⁄ 10 high-power fields)
mitotic activity.

Based on these features, eight cases were selected,
whose salient clinical characteristics are reported in
Table 1.

Methods
A representative formalin-fixed, paraffin-embedded
block from each case was selected, cut at 4 lm and
collected on positively charged slides. These were
dewaxed and then pre-incubated in a microwave oven
three times for 5 min in 10 mM, pH 6.0 citrate buffer.
Subsequently, the sections were incubated with the
primary antibodies (all purchased from Dako, Glsotrup,
Denmark) illustrated in Table 2, for 30 min at 37�C. A

standard avidin–biotin peroxidase procedure (ABC
standard, Vector Laboratories Inc., Burlingame, CA,
USA) was employed using diaminobenzidine as the
chromogen. Negative controls were obtained by substi-
tuting the specific primary antibodies with pre-immune
serum and appropriate positive controls were included
in the procedure.

Results
Patients’ characteristics
Following review of 128 mesenchymal intra-oral neo-
plasms, except for lipomas, eight cases were identified
that fitted into the morphological diagnosis of SFT. Five
of these had been originally diagnosed as SFT, two as
benign fibrous histiocytoma and one as low-grade
sarcoma, consistent with leiomyosarcoma. At presenta-
tion, all patients were asymptomatic and showed a firm
subepithelial mass measuring from 1.5 to 7 cm in
diameter. In one case, only the surface epithelium
showed focal ulceration (Fig. 1a) while bone involve-
ment, as detected by ortopantomography and computed
tomography, was absent in all patients (Fig. 1b). All
patients had undergone conservative surgical treatment
and were disease free after a minimum follow-up of
3 years.

Pathological findings
Gross examination revealed a well-circumscribed, vari-
able-sized, ovoid or round submucosal masses (Fig. 1c)
covered by intact surface epithelium in all but one case
affected by a larger tumor that was responsible for
chronic dental trauma. The cut surface was variable in
color, from white-tan to reddish, to brown.

Microscopically, the eight tumors were characterized
by a widely variable morphological appearance
(Fig. 1d–f), although all of them shared some common
features, such as tumor circumscription, predominant
spindle cell component with variable density, depo-
sition of dense keloid-type collagen and presence of at
least focal hemangiopericytoma-like areas as opposed
to the lack of significant cytologic atypia and necrosis.
Interestingly, all cases also showed at least minimal
areas composed of tightly packed spindle cells closely
adjacent to thin and elongated bands of sclero-hyaline
collagen (the so-called �ropey collagen’). The above
morphological features, although shared by all
tumors, were represented in very variable proportions
in each of them and such morphological variability
was also evident in distinct areas of the same tumor.
Very rarely, occasional and typical mitotic figures
were present.

In addition, three such tumors were characterized by
a prominent vascular component, mainly consisting of
thin-walled, small- to medium-sized blood vessels show-
ing perivascular hyalinization. In half of the cases,
myxomatous stromal changes were present, dense scler-
otic bands were detected in two, while isolated multi-
nucleated giant cells were present in two different cases
and bland chronic inflammatory infiltration in two other
cases.

Table 1 Salient clinical data of the cases selected for immunohisto-
chemical analyses

Case no. Age Sex Location Size (cm)

1 71 F Cheek 2
2 37 M Cheek 3
3 58 F Cheek 7
4 38 M Tongue 5
5 19 M Hard palate 2
6 44 F Cheek 5
7 75 M Tongue 2
8 71 F Cheek 1.5

Table 2 Primary antibodies used for immunophenotyping

Antibody Clone Dilution

bcl-2 124 1:1000
CD34 QBEnd 10 1:500
CD68 PG-M1 1:2000
CD99 O13 1:2000
Cytokeratin AE1⁄AE3 1:200
Desmin D33 1:3000
S-100 protein polyclonal 1:600
Vimentin V9 1:1000
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Immunohistochemical findings
Moderate-to-strong immunohistochemical expression of
vimentin and CD34 was detected in all cases (Fig. 1g),
while bcl-2 immunoreactivity was present in six (Fig. 1h)
and CD99 positivity in five cases (Table 3). CD68,
cytokeratins, desmin and S-100 protein immunoreacti-
vity were undetectable, with the exception of residual
normal structures included in the samples. Interestingly,
inter-tumoral and intra-tumoral variability of CD34,
bcl-2 and CD99 immunoreactivity was a prominent
feature of all cases and clusters of cells manifesting
intense staining were frequently adjacent to areas devoid
of any positivity.

Discussion

Solitary fibrous tumor is a unique neoplastic entity and
its heterogeneity of microscopic features represents a
prime example of morphological diversity.

The definition of uniform criteria for the correct
diagnosis of SFT is a relatively recent event: in 1997,
Chan et al. (4) proposed those that today are considered
�essential diagnostic criteria’ for diagnosing pleural and
extra-pleural SFT: tumor circumscription, presence of
alternating foci of hypercellular and hypocellular areas
composed of bland-looking spindle or ovoid cells,
evidence of fascicular or storiform arrangement of the
spindle cell component, intimate admixture of collagen
fibrils with spindle cells, low (<4⁄10 high-power fields)
mitotic activity. The same criteria were adopted by
Alawi et al. who reported the largest series of oral SFT
(18) and by our group for case selection in the current
study.

Moreover, the broad spectrum of morphological
features that characterize SFT and its �patternless’
growth pattern lead Chan et al. to identify SFT as a
true diagnostic dilemma, being potentially mistaken
with a large number of both benign and malignant
tumors (4). Mesenchymal neoplasms predominantly
composed by spindle cells, in fact, include several

distinct lines of differentiation, such as, fibroblasts,
adipocytes, smooth and striated muscle cells, Schwann
cells, endothelial cells, etc. These cells may give rise to
tumors exhibiting at least focal morphological features
that recapitulate those occurring in SFT. Therefore, it is
not surprising that in the current series some tumors had
been originally diagnosed as distinct entities, such as
benign fibrous histiocytoma, or low-grade sarcoma,
based on morphology alone.

Solitary fibrous tumor, in fact, displays unspecific
clinical presentation, its morphological features might
be equivocal, especially in small incisional biopsies
and, nowadays, immunostains are mandatory to
confirm the diagnosis, as suggested by Chan et al.
(4) and Alawi et al. (18). SFT consistently manifests
vimentin and CD34 immunoreactivity, along with
variable bcl-2 and CD99 positivity, but lacks CD68,
pan-cytokeratins, desmin, and S-100 protein immuno-
reactivity. As demonstrated in this study, the positivity
for CD34, bcl-2, and CD99 is not uniformly distri-
buted within SFT and the evaluation of immunostains
should possibly rely on adequate and complete samp-
ling of the tumor mass. Also, the differential diagnosis
based on immunoprofiling should also take into
account the lack of CD68, pan-cytokeratins, desmin,
and S-100 protein positivity to possibly rule out
histiocytic, muscular and Schwann cell-derived neo-
plasms.

Even when strict morphologic criteria are adopted
and appropriate immunostains employed, the diagnosis
of this neoplasm remains difficult, especially at extra-
pleural sites, due to extreme intra-tumoral variability
and close similarity of single parts of individual tumors
with prognostically different benign and malignant soft
tissue neoplasms.

On the bases of previous (18) and current analyses, it
is evident that a significant number of SFTs were at first
misdiagnosed as and that only at subsequent more-
attentive re-evaluations a correct diagnosis was
achieved.

As repeatedly put forward, most of the diagnostic
problem resides in the �patternless’ growth pattern of
SFT, in its intra-tumoral morphological variability and
immunophenotypic dishomogeneity. Therefore, the
authors wish to stress the opportunity of extensive
multiple sampling of the mass or complete examination
of the excised tumor whenever deemed possible. Based
on the above considerations, in fact, it is possible that
the examination of single histological preparations,
especially if derived from incisional biopsies, may
display equivocal histological features of highlight areas
of the tumor devoid of the distinctive immunopositivity
of this tumor.

Table 3 Immunohistochemical profile of SFTs included in this series

Antibody 1 2 3 4 5 6 7 8

Vimentin +++ ++ +++ ++ ++ +++ +++ +++
CD34 ++ +++ +++ ++ ++ +++ ++ +++
bcl-2 + ) ++ + + ) + +
CD99 ++ ) + ++ + ) ) +
CD68 ) ) ) ) ) ) ) )
Cytokeratins ) ) ) ) ) ) ) )
Desmin ) ) ) ) ) ) ) )
S-100 protein ) ) ) ) ) ) ) )

Figure 1 Composite figure of a solitary fibrous tumor of the cheek. (a) Macroscopic appearance showing a focally ulcerated mass; (b) OPT
showing absence of bone involvement; (c) well-encapsulated mass measuring 5 cm in maximum diameter; (d) microscopic appearance of SFT
showing a richly vascular proliferation with focal hemangiopericytoma-like pattern (H&E, original magnification, ·150); (e) hypercellular areas
close to a hypocellular area composed by bland-looking spindle cells (h&e, original magnification: ·150); (f) densely collagenized stroma (h&e,
original magnification ·200); (g) consistent immunoreactivity for CD34 in the spindle cell component, with the exception of hypocellular areas
(original magnification ·200); (h) moderate immunoreactivity for bcl-2 (original magnification ·200).
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