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Summary

Solitary fibrous tumor (SFT) of the pleura is a rare
neoplasm that arises most commonly within the visceral
pleura but may evolve from the parietal pleura of the
chest, mediastinum or diaphragm.

These tumors are most commonly diagnosed in the
6th to 7th decade of life with equal rates of occurrence
for both sexes.

In this review we discuss the clinical, radiographic
and histological features, the diagnosis and differential
diagnosis, prognostic factors and therapy of these rare
tumors.

Key words: benign tumor of the pleura, diagnosis, localized
fibrous tumor of the pleura, prognosis, solitary fibrous tumor
of the pleura, treatment

Introduction

SFTs of the pleura are uncommon, slowly grow-
ing, primary neoplasms of the pleura, unrelated to as-
bestos exposure, thought to arise from submesothelial
primitive mesenchymal cells (facultative fibroblasts) [1].
They represent less than 5% of all neoplasms involv-
ing the pleura [2]. The peak age of incidence is the 6th
decade of life and 80% of these lesions arise in the
visceral pleura. They occur as neoplasms in the sub-
visceral-subpleural zone of the lung, within the pleural
space, attached to the pleura (usually the visceral) by
a small pedicle, or intrapulmonary [3].

The terms fibrous mesothelioma, benign me-
sothelioma, localised mesothelioma, subpleural me-
sothelioma and subpleural fibroma have also been used

for their characterisation, reflecting the controversies
over their histogenesis, as both mesothelial and mes-
enchymal differentiation have been postulated over
the years [4-12].

SFT of the pleura has been recognized as an en-
tity for over half a century and during this time it has
intrigued pathologists because of its distinctive micro-
scopic appearance and controversial histogenesis [13].

New immunohistochemical markers, as well as
the establishment of histologically similar tumors in
extraserosal sites including the peritoneum, retroperi-
toneum, mediastinum, the orbit, the nasal cavity, para-
nasal sinuses, nasopharynx, liver, epiglottis as well as
soft tissues, capsule of the kidney, thyroid gland, up-
per respiratory tract, salivary glands, mesentery and
spinal cord, have contributed to a better understand-
ing of the true nature of the tumor [14-24].

The histological diagnosis of a benign STF is
straightforward in the appropriate clinical setting and
in the presence of the typical “patternless” prolifera-
tion of spindle cells. SFT is often misdiagnosed, due
to the variability of growth patterns, such as neurofi-
broma-like, leiomyoma-like and hemangiopericytic that
complicate the diagnostic process. In addition, the rar-
ity of SFT accounts for the difficulty of its diagnosis
in extrapleural locations. The malignant SFTs are con-
trasted to sarcomatoid mesotheliomas and sarcomas
[25].
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Histogenesis

Although cases with morphologic similarities to
SFT have been documented in earlier literature, it was
the 1931 report of 5 cases by Klemperer and Rabin
that focused attention on the lesion, and from that
time on, it has been recognized as a distinct entity.
These authors divided pleural neoplasms into diffuse
and localized forms. They postulated that diffuse neo-
plasms arose from a multipotential mesothelial cell
and the localized form from subpleural mesenchymal
cells [10].

In 1942, Stout and Murray and later Sano et al.
postulated a mesothelial origin for the localized form
[26,27]. Although ultrastructural studies of SFT have
demonstrated features of mesothelial differentiation,
other investigations have shown only primitive mes-
enchymal fibroblastic cells, without evidence of me-
sothelial differentiation.

In 1994, studies provided support for the idea that
SFT is not derived from, or related to conventional
mesothelium [1-3]. Nearly 80% of SFTs were shown
to strongly express CD-34 and none keratin, in the
published studies [28-30]. Vimentin was almost equal-
ly expressed in benign as well as in malignant STFs. In
contrast, 90% of mesotheliomas expressed vimentin
and keratin, but none contained CD-34 -positive cells
[30]. The expression of CD-34 to the same degree in
SFTs in other sites served as an independent means of
confirming the idea that similar tumors in diverse sites
shared a sufficient number of morphologic similarities
to consider them a common entity [29].

There seems to be an emerging consensus that
the SFT arises from a submesothelial cell, that has
been variably regarded by Bolen et al. as a primitive
fibroblast or mesenchymal cell [31], or by Graighead
as a primitive multipotential cell [32]. Other evidence
that supports this postulate is the observation by Raf-
tery that mesothelium may originate from submesothe-
lial connective tissue after injury [33]. Skin and
Firminger [34] postulated that both surface mesothe-
lial cells and submesothelial connective tissue cells
may have a role in the histogenesis of mesothelioma.
The expression of CD-34 does not provide evidence
as to the exact line of differentiation for the SFT be-
cause it does not appear to be lineage- specific. How-
ever, some investigators postulate that CD-34 may
define cell populations able to serve as precursors or
progenitors, independently of site or line of differenti-
ation [35]. Although originally described as a hemato-
poietic progenitor cell antigen, the transmembrane
glycoprotein has been localized to an increasing num-
ber of different tissues, including endothelium, peri-

follicular hair shaft cells and a subset of perineural
cells [36]. A number of mesenchymal tumors, includ-
ing dermatofibrosarcoma and some benign nerve
sheath tumors also are immunoreactive with CD-34
[35]. CD-34 appears to be an empirically useful anti-
gen to discriminate SFT from desmoplastic mesothe-
lioma, two lesions that could cause diagnostic prob-
lems, especially in the context of limited biopsy mate-
rial [30].

Clinical and radiological features

Localized pleural tumors present as circum-
scribed masses and often appear to follow a benign
course. They are rare, the incidence being only 2.8
cases per 100,000 registrations at the Mayo Clinic
[37]. The majority arise from visceral pleura and many
project into the pleural cavity as pedunculated mass-
es. A small number of tumors (approximately 3.5%)
may be mainly, or entirely intrapulmonary [5,38].

The age range is 5 to 87 years, with peak inci-
dence in the 6th and 7th decades of life [4,39].

The sexes are equally affected, with a slight
female preponderance, irrespective of whether the
tumor is benign or malignant.

As many as 50% of patients have been asymp-
tomatic at the time of diagnosis, the tumors having
been discovered on chest X-ray as incidental coin le-
sions (Figures 1-3) [4,40,41]. In symptomatic patients
chronic cough, dyspnea and ipsilateral chest discom-
fort, osteoarthropathy and finger clubbing appear to
be the most frequent complaints [42]. Ipsilateral pleu-
ral effusion, occasionally blood-stained, has been de-
scribed in association with larger or malignant tumors

 Figure 1. Chest radiograph shows mass in the left hemithorax
(all of the following figures come from the same patient).
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and compression of the inferior vena cava with as-
cites and leg edema have been mentioned in rare cas-
es. Another interesting manifestation is hypoglycae-
mia, a complication that occurs in about 5% of pa-
tients, mostly in women in association with larger or
malignant tumors, due to secretion of insulin-like
growth factor II [43,44].

Gross findings

Tumor weights range between 4 and 4,500 g and
maximum diameters between 2.5 and 25.0 cm [45].
The tumors typically appear round or oval, well cir-
cumscribed, with a smooth covering of visceral pleura.
Bosselation and prominent superficial blood vessels are
sometimes noted. The cut surface shows a firm, well-
circumscribed, white or gray, whorled appearance, rem-
iniscent of leiomyoma (Figure 4). Tiny areas of hemor-
rhage, softening or cystic change are occasionally seen.
Malignant tumors are grossly poorly circumscribed and
have an infiltrative growth pattern [46].

Figure 2. Chest CT scan shows 8 cm mass arising from the
pleura.

Figure 3. Operative specimen of solitary fibrous tumor of the
pleura.

Figure 4. Section from the periphery of the tumor. Note the
smooth border of the tumor (H&E ×100).

Figure 5. Bundles of dense hyalinized collagen are disposed in
whorls (H&E ×200).

Microscopic findings

SFT is a spindle cell fibrous and myofibroblastic
proliferation in which the cells are not arranged in
consistent patterns. Histologically, there is a marked
variation in the appearance of these tumors. Col-
lagenized (Figure 5), hemangiopericytoma-like (Fig-
ure 6), and fibrocellular areas (Figures 7,8) are the
main forms of growth pattern observed [28]. Many
tumors show a mixture of two or more of these pat-
terns. The fibrocellular areas consist of bland-looking
spindle or oval-shaped cells with indistinct cytoplasm,
arranged in short fascicles, non-descript, haphazard,
loose or focal storiform or hemangiopericytomatous
pattern. In collagenised areas, bundles of dense hy-
alinized collagen are disposed in whorls, basket weave
and other complex patterns (Figure 2). The cellulari-
ty of the latter areas varies greatly and hypercellular
areas alternate with paucicellular regions (Figure 9).
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Often, thin bands of collagen are separated by fibro-
blastic nuclei (Figure 10). This distinctive pattern of
collagen formation serves as a hallmark of the lesion.

Areas similar to those seen in hemangiopericy-
tomas are composed of numerous rounded or branch-
ing vascular spaces with variable numbers of com-
pact round or fusiform cells in the intervening tissue.
Frequently, the vessels are encircled by a collar of
loose, faintly staining tissue. The vessels may be hy-
alinized, plexiform, or pericytic, sometimes with a
condensation of cells around gaping vessels. Vascu-
lar parts show a gradual merging into fibrous or cellu-
lar areas, but seldom the tumor appears to be entirely
hemangiopericytomatous in character. Cytologic aty-
pia and necrosis are typically absent and mitoses are
rare (usually less than 4 per 10 hpf). Foci of degener-

Figure 6. Hemangiopericytomatous area of the tumor (H&E
×200).

Figure 7. Storiform-hering-bone pattern in fibrocellular area of
the tumor (H&E ×200).

Figure 8. Higher magnification from fibrocellular area of the
tumor. Note the presense of nuclear atypia but the absence of
mitotic activity (H&E×400).

Figure 9. Bundles of dense hyalinized collagen are disposed in
whorls.Note merging with fibrocellular area on the left (H&E
×200).

Figure 10. Neoplastic cells are scattered among bundles of col-
lagen in hypocellular area of the tumor. Note numerous blood
vessels present (H&E ×200).
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ation and cystic change may be present, especially in
larger lesions, as well as foci of calcification [38].

Irrespective of histological type, the pleura over-
lying or investing these tumors shows fibrous thick-
ening. In those tumors related to visceral pleura, the
boundary between the tumor and the lung substance
is sharply demarcated but non-encapsulated. In many
cases, some part of the pulmonary aspect of the tu-
mor is covered by a single layer of cuboidal or low
columnar epithelium and not infrequently irregular
cleft-like spaces lined by the epithelium are seen to
dip into the substance of the growth. Such ingrowths,
cut transversely, seem to account for the finding of
isolated tubular elements in the substance of the tu-
mor close to the junction with the lung parenchyma
(Figure 11). Occasionally, direct continuity between
the epithelium lined clefts and adjacent bronchiolo-
alveolar epithelium can be seen, which represents in-
clusions and not part of the neoplastic process [41].

Although most SFTs of the pleura are benign, they
may recur (16% of the cases), or behave in a malig-
nant fashion (12% of the cases) [4]. The best indicator
of malignancy is the gross appearance suggesting infil-
tration into surrounding structures. It has been claimed
that tumors arisen from the parietal pleura, fissure or
mediastinum, or inverted into the lung tissue, are more
likely to be malignant [4].

In malignant tumors, malignancy has been doc-
umented on synchronous liver metastases, invasion
into the lung and chest wall. The malignant variants
of SFTs show features of hemangiopericytoma, fib-
rosarcoma and malignant fibrous histiocytoma and the
criteria followed are similar to their soft tissue coun-
terparts [47]. Malignant tumors are characterised by
high cellularity, extensive necrosis, increased mitotic

activity (equal or more than 4 mitoses per 10 hpf) and
nuclear pleomorphism [12]. It has been claimed that
histologic features of malignancy, such as nuclear ple-
omorphism and high mitotic activity, are not neces-
sarily poor prognostic indicators. England et al. [12]
found that the above mentioned features were signif-
icant, but the best prognostic indicator, regardless of
the histologic features was the complete surgical re-
section of the tumor.

Special studies

100% of SFTs of the pleura express vimentin
and are uniformly negative for keratin. About 75-80%
express CD-34 (Figures 12,13), a slightly greater per-
centage express the anti-apoptotic protein bcl-2 [48]
and at least half are CD-99-positive [29,40,46,49].
SFTs do not stain for keratin or epithelial membrane

Figure 11. Cleft-like space on the left and tangentially cut tubu-
lar elements lined by cuboidal epithelium deep into the tumor
substance at the periphery of the neoplasm (H&E ×100).

Figure 13. Hemangiopericytomatous area of the tumor.Note
the presence of the CD-34 positive endothelial cells (IHC ×200).

Figure 12. Hemangiopericytomatous area of the tumor stained
positively for CD-34 (IHC ×200).
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antigen, and are usually actin and desmin- negative.
SFTs have not been found to express S-100 protein
but a few cases of extrapleural cases have been re-
ported to be positively expressed.

Benign forms of the tumor show low Ki-67 ex-
pression, in contrast with the malignant forms that
show a mean score of 30% [50].

p53 is also expressed in malignant forms of SFTs
of the pleura [51].

Ultrastructurally, the cells have features of my-
ofibroblasts.

Cytological features

As with other tumors, fine needle aspiration bi-
opsy (FNAB) can be helpful in the evaluation of SFT.
Features of SFT can be detected and have been de-
scribed in FNAB specimens [52,53]. Well circum-
scribed tumors of the pleura yielding smears com-
posed of spindle cells, vessels and small clusters of
epithelioid cells should raise the suspicion of SFT. The
presence of transitional forms between epithelioid and
spindle cells is a feature useful for diagnosis. CD-34
staining of the smears can be of help in confirming
the suspected diagnosis, although should be interpret-
ed with caution because of its positive expression in a
variety of soft tissue neoplasms.

Differential diagnosis

When SFT of the pleura forms a polypoid mass
protruding from the serosal surface into the pleural
cavity, diagnostic evaluation can be reached, or at least
suggested by FNAB, with the concommitant use of
cell blocks [54].

Diagnostic problems are invariably raised in cas-
es of a sessile tumor, intrapulmonary or chest wall
location, in the presence of atypia, or due to the vari-
ability of histological patterns observed in benign and
malignant forms of the tumor [55].

First of all, when the histological sections include
sparse cells within a collagenous stroma, an inflam-
matory process, such as inflammatory pseudotumor
and pulmonary hyalinizing granuloma should be ruled
out. The former are true especially in intrapulmonary
location of the tumor. Likewise, hamartomas should
be excluded in cases of intrapulmonary location.

Extensive tissue sampling is mandatory, because
inflammatory and reactive fibroblasts are invariably
present, dominating the histologic picture and obscur-
ing the neoplastic nature of the lesion. The stratifica-

tion, generally seen in pleuritis, does not rule out the
coexistence of a tumor, but the reactive fibroblasts
do not show significant atypia.

Furthermore, size and cellularity are the best
guide to the behavior of localised tumors. Because of
the variation in cellularity and mitotic activity observed
in different parts of these tumors, the importance of
adequate sampling in relation to the assessment of
the malignant potential should be emphasized [38].

In cases of a benign SFT of the pleura, the dif-
ferential diagnosis includes a variety of benign tumors,
such as hemangiopericytoma, leiomyoma, schwanno-
ma and neurofibroma [53].

Hemangiopericytoma is not only CD-34- but also
CD-31-positive, whereas SFT is CD-31-negative in the
spindle cell component. In fact, hemangiopericytoma
and SFT are related, either in the same tumor or in
different parts of the same tumor spectrum, and dis-
tinction between the two is probably not important.
What is important is to realize that the same histologic
features predict malignant potential in both tumors.

Leiomyoma, schwannoma and neurofibroma can
be ruled out by the presence of desmin intermediate
filaments in the former and S-100 protein in the latter
ones. In contrast to smooth muscle tumors, the stain-
ing for smooth muscle actin and desmin, when it oc-
curs in SFT of the pleura, is invariably focal and lim-
ited to a few cells.

In cases of malignant forms of the tumor a great
number of different neoplasms enter the differential
diagnosis, including sarcomatous mesothelioma,
monophasic synovial sarcoma, fibrosarcoma, malignant
fibrous histiocytoma (MFH), malignant hemangioperi-
cytoma, angiosarcoma and Kaposi’s sarcoma [53]. In
cases of sarcomatous mesotheliomas, the neoplasms
can be distinguished on the basis of their reactivity for
keratin and vimentin and negative staining for CD-34
and bcl-2. Spindle cells in synovial sarcoma have a
poorly defined cytoplasm, plumper nuclei and usually
more of a fascicular pattern than those of a SFT, but
these are minor and inconsistent differences and even
ultrustructurally the two tumors may be indistinguish-
able. Immunohistochemical studies can be of more help,
as synovial sarcomas stain positively for cytokeratin
and epithelial membrane antigen, whereas SFT is only
CD-34 positive. Molecular genetic analysis is the best
method in distinguishing synovial sarcomas from SFTs.
Synovial sarcoma is characterized by the presence of
the SYT-SSX1 fusion gene due to the chromosomal
translocation t(x; 18)(p11.2-q11.2), easily identified by
FISH, PCR or RT-PCR. This fusion gene is not present
in SFTs [56,57].

The last 3 entities are usually positive for CD-
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34, but unlike in SFT, CD-31 is also positive. Fibrosa-
rcoma and MFH are negative for CD-34.

A peripheral lung carcinoma can closely simu-
late a pleural tumor. The remote possibility of me-
tastasis from a distant site, such as a sarcomatoid
renal cell carcinoma involving the peripheral lung or
chest wall should also be kept in mind.

Treatment and prognosis

SFT of the pleura is usually a benign tumor. Nev-
ertheless, a histologically bland-looking tumor can re-
cur [58], so thus resectability remains the single most
important prognostic factor determining the clinical
outcome. Complete resection of the tumor is the treat-
ment of choice and when the tumor is sessile, wide
resection of the involved lung or chest wall adjacent
to the tumor is desirable. Some benign tumors may
require a segmental resection, or even lobectomy. Mo-
re radical surgery is necessary for infiltrating malig-
nant tumors, where there is a significant incidence of
recurrence and metastasis [59].

Postoperative radiotherapy, chemotherapy, or
both have sporadically been used, but the benefits re-
main unproven [60].

Because local recurrence, after apparent com-
plete resection, has been reported as late as 17 years
from the time of surgery, long term follow-up with
annual chest roentgenograms is advisable [59,60].

Conclusion

The term mesothelioma should be excluded in
describing SFTs, as to avoid misinterpretation in rela-
tion to epidemiological and therapeutic considerations.

Over 80% of the tumors are benign and more
than 50% are asymptomatic.

The knowledge of the entity, its clinical presenta-
tion and morphology can allow its preoperative recog-
nition, at least in its typical form. Otherwise, thoracot-
omy is necessary for the final diagnosis. Thoracosco-
py may be sufficient for small lesions.

Well defined immunohistochemical markers can
be used for its final diagnosis.

Histologically malignant tumors, broad-based or
locally invasive bear a high risk of recurrence, even
after a complete resection.

Long-term follow-up is mandatory in benign and
malignant forms of the tumor.

The role of adjuvant therapy remains to be de-
fined.
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