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Background : Alveolar soft part sarcoma (ASPS) accounts for 0.5-1% of soft tissue sarco-
mas, and often metastasizes to the lung. Cases of pulmonary ASPS of unknown primary site
have rarely been reported in literature. Methods : Here, we report three cases of metastatic
pulmonary ASPS and three cases of presumably primary ASPS using immunohistochemistry
and clinicoradiologic findings. Results : All of the cases occurred in young females. Two of
the cases had metastasized from soft tissue ASPS of the lower extremities, and one case
had metastasized from one of the patient’s femur bones. Immunohistochemical stains were
applied to four cases that had available paraffin blocks. The tumor cells of all cases on which
immunohistochemical stains were done were positive for vimentin (4/4, 100%). None of the
tumors were positive for myoglobin, desmin, smooth muscle actin, progesterone receptor,
estrogen receptor, thyroid transcription factor-1, S-100 protein, pancytokeratin, and HMB-45
antibodies. Conclusion : The present study revealed that the rare pulmonary ASPS has non-
specific clinicoradiologic findings. In the immunohistochemical results, no differences existed
between the presumably primary ASPS and the metastatic ASPS except for a higher Ki-67
labeling index in the latter (less than 0.1% vs. 30%). The higher index was not dissimilar to
those of the extrapulmonary ASPS which showed a tumor with a low proliferation index, sig-
nifying a better prognosis and have a low potential to metastasize.
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In 1952, Christopherson et al.1 described a unique soft tissue
tumor comprising cells with granular cytoplasms arranged along
a delicate fibrous septa that rose to an alveolar or organoid pat-
tern. The authors named the tumor alveolar soft part sarcoma
(ASPS). The tumor consisted of many vasculatures around the
clusters of tumor cells, giving the impression of a paraganglioma
or another endocrine neoplasm. Its histogenesis remains uncer-
tain. It usually involves the thigh and buttocks of adolescents or
young adults, and represents only 0.5% to 1% of all soft tissue
sarcomas.2 However, it has occasionally been described in the
pulmonary vein, mediastinum, stomach, uterus, orbit, and, rarely
in the bone. Its occurrence in the lung, especially that of the
presumably primary ASPS, is not common.3 Here, we describe
the clinicoradiologic findings of six cases of pulmonary ASPS
along with their immunohistochemical results.

MATERIALS AND METHODS

The pulmonary ASPS’s were selected from the pathology file
of Samsung Medical Center during the period between 1995
and 2001. Six cases were retrieved. For immunohistochemistry,
formalin-fixed, paraffin-embedded tissue sections taken from
four cases that had available paraffin blocks (cases 1, 2, 4 and 5)
were used in an avidin-biotin-peroxidase complex method. After
the tissue sections were microwaved for 10 minutes to enhance
the immunoreactivity, they were then allowed to react with the
primary antibody for 30 minutes at room temperature. Subse-
quently, the sections were incubated with biotinylated secondary
antibodies for 30 minutes, and then with horseradish peroxidase-
conjugated streptavidin for 30 minutes. The colored reaction
products were developed in diaminobenzidine solution for 5
minutes. The sections were then lightly counterstained with
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hematoxylin and processed for light microscopy observation.
The primary antibodies used were: thyroid transcription factor-
1 (TTF-1, 8G7G3/1; DAKO, Glostrup, Denmark, 1:50), HMB-
45 antibody (HMB-45; DAKO, 1:30), smooth muscle actin
(1A4; DAKO, 1:100), desmin (D33; DAKO, 1:100), myo-
globin (polyclonal, DAKO, 1:4000), S-100 protein (polyclonal,
ZYMED, San Francisco, USA, 1:1200), vimentin (VIM3B4;
DAKO, 1:80), estrogen receptor (6F11; Novocastra Laborato-
ries, Newcastle upon Tyne, UK, 1:100), progesterone receptor
(1A6; Novocastra Laboratories, 1:50) and Ki-67 (polyclonal,
DAKO, 1:250). The Ki-67 labeling index was defined as a per-
centage of Ki-67- positive nuclei. The labeling index was deter-
mined by counting at least 1,000 nuclei in the selected fields at
×400 magnification. Two cases (cases 1 and 2) underwent elec-
tron microscopic examination. For conventional electron micro-
scopy, the fresh tumor tissue was fixed in 2.5% glutaraldehyde,
followed by 1% osmium with propylene dioxide, and finally
embedded in Epok 812 (Oken Shoji Ltd., Tokyo, Japan). The
thin sections (1 m) were stained with toluidine blue and Azure
B solutions to ascertain that the desired cells were in the block.
The thin sections were poststained with uranyl acetate and lead
citrate and examined with a transmission electron microscope
(H-7100, Hitachi High-Technologies Corporation, Tokyo, Japan)
at an accelerating voltage of 75 kV.

RESULTS

Clinical findings

Three cases (cases 3, 4 and 6) had a history of primary tumor
foci; the femur bone, thigh and calf, respectively. Chest com-

puted tomography (CT) revealed that single or multiple nodules
were scattered in the unilateral or bilateral lungs (Fig. 1). They
underwent metastatectomies and one case (case 4) was diagnosed
by percutaneous fine needle aspiration cytology. Three cases
(cases 1, 2 and 5) were regarded to be primary pulmonary tumors
because there were no detectable primary foci upon thorough
preoperative examinations of the abdomen, limbs, and so on.
Therapeutic mass resections were performed for five cases (cases
1, 2, 3, 4 and 6), percutaneous fine needle aspiration cytology
for one case (case 3) and CT-guided gun biopsy for one case (case
5). All of the patients were young women aged between 19 to 30
years. The case 2 patient had a clinical mimicry to metastatic
choriocarcinoma, but her serum beta-HCG titer was within
normal ranges (4.5 IU/mL). Immediately after the operation,
multiple hepatic nodules appeared under abdominal CT, but
histologic confirmation was not made because the patient refused
further evaluation. After the diagnosis of pulmonary ASPS, all
patients except for that of case 5 underwent both surgical exci-
sions and chemotherapy. The follow-up durations of the pul-
monary lesions ranged from 9 months to 5 years. At the last fol-
low-up of cases 3 and 5, the patients had been living with the
diseases for 9 months and 5 years, respectively. Unfortunately, the
remaining patients had expired. Detailed clinical information
is summarized in Table 1.

Pathological findings

On sectioning, the cut surfaces of the wedge resected lungs
showed single to several, relatively well demarcated masses of
soft consistency. Seen under a light microscope, all the lesions
were arranged in alveolar patterns (Fig. 2A). Fibrous trabeculae
divided the tumor cells into nests or aggregates. The tumor cells

Fig. 1. (A) Chest CT of case 2 reveals numerous ill-defined opacities in the bilateral lungs. (B) Chest CT of case 3 reveals multiple, sharply
marginated smooth contoured nodules.
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were separated by rich, thin-walled sinusoidal vascular channels.
The round to polygonal tumor cells consisted of abundant eosi-
nophilic cytoplasms and uniform small round nuclei. No mito-
sis or cellular atypia was found. 

Histochemical and immunohistochemical findings

Periodic acid-Schiff (PAS) stain, done in all the cases, revealed
PAS-positive, diastase-resistant intracytoplasmic needle-like
structures (Fig. 2B). The tumor cells were positive for vimentin
in all cases. None of the tumor cells in four of the cases showed
positive intracytoplasmic staining with the progesterone recep-
tor, estrogen receptor, and TTF-1. Other antibodies including
desmin, myoglobin, pancytokeratin, S-100 protein and HMB-
45 were not stained in the tumor cells in all cases. The prolifer-
ation index of the metastatic ASPS (case 4) was 30%, whereas
those of the presumed primary ASPS’s (cases 1, 2 and 5) was
less than 0.1%.

Ultrastructural findings

Closely packed polygonal tumor cells were surrounded by a

thick basal lamina. The cytoplasm was filled with numerous
swollen mitochondria and well developed Golgi complexes (Fig.
3). A few hemidesmosomes were observed. In addition, there
were membrane-bounded parallel arrays of typical rhomboid,
rod-shaped crystals with regular lattice patterns (Fig. 3, inset).

DISCUSSION

The histology of ASPS is characterized by an organoid pattern
of epithelioid tumor cells having diastase-resistant PAS-positive
intracytoplasmic crystals.2 Pathologic differential diagnoses of
pulmonary ASPS include metastatic renal cell carcinoma, onco-
cytoma, paraganglioma and primary pulmonary sugar tumor.4,5

Special stainings of PAS with diastase treatment are useful for
confirmative diagnosis. Metastatic renal cell carcinoma differs
from pulmonary ASPS in that the former displays a coexpression
for epithelial membrane antigen and vimentin, while the latter
occasionally expresses myoglobin, myoD1 and smooth muscle
actin.2,6,7 Paraganglioma and ASPS share the histology of organoid
patterns of epithelioid cells with rich vasculature; but paragan-
glioma displays the presence of S-100 protein-positive susten-

Cases
Sex, 
age (yr)

Clinical manifestation Radiologic findings Other lesions
Metastatic vs. 
Presumably 
primary

Outcome 
(period of 
follow up, yr)

Treatment

Case 1 F, 24 Dry cough for a month Bilateral multiple  Absent Presumably Mass excision Dead (1 yr)
nodules, ranging 1 cm in primary and
average chemotherapy

(2 cycle)
Case 2 F, 30 Dyspnea in the 9th Snow-like appearances at Multiple hepatic Presumably Mass excision Dead (1 yr)

gestational period the bilateral lung fields nodulesa(immedi- primary and
ately after the mass chemotherapy
excision)

Case 3 F, 28 Detection of metastatic Multiple nodules, ranging ASPS of the femur Metastatic Metastatectomies Alive with the
multiple nodules of the 0.7-1.5 cm in average (4 years ago) and disease (5 yr)
lung chemotherapy

Case 4 F, 25 Dyspnea and cough Bilateral multiple nodules, ASPS of the thigh Metastatic Metastatectomy Dead (6.5 yr)b

ranging 0.5-2 cm in average (5 years ago) and
chemotherapy

Case 5 F, 19 Dyspnea Diffuse consolidation Absent Presumably Percutaneous Alive with the
primary needle biopsy disease (9 mo)

and 
chemotherapy

Case 6 F, 30 Dyspnea Solitary nodule ASPS of the calf Metastatic Metastatectomy Dead (1 yr)
(1 year ago) and

chemotherapy

F, female; yr, year; LFU, lost to follow up; ASPS, alveolar soft part sarcoma.
aHistologic confirmation was not made because the patient refused further evaluation. bIt includes the period from the operation for the primary tumor
and the last visit.

Table 1. Clinicoradiological summary of the present six cases
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tacular cells and the absence of rhomboid, lattice-like crystalloid
materials under electron microscopy, while ASPS does not.
Oncocytoma shows a solid, light yellow cut surface in color and
is composed of large polygonal cells with abundant, granular
cytoplasm and occasional eosinophilic to vacuolated cells. It
shows an immunoreactivity to cytokeratin and vimentin but
not to smooth muscle actin. On electron microscopy, numerous
mitochondria, abundant microvilli and occasional desmosomes
and myelin figures are found.4 Sugar tumor of the lung shows a
strong immunoreactivity with HMB-45 antibody and Melan-A
with diffuse and strong nuclear staining for the progesterone
receptor. There is occasional focal vimentin staining.5

The present immunohistochemical study showed discourag-
ing results and did not provide any clues to distinguishing pre-
sumably pimary ASPS from a metastatic one. A recent study
demonstrated MyoD1 staining in the nuclei of ASPS, suggest-
ing a myogenic origin for the ASPS. However, our study does
not confirm this finding.7 TTF-1 is antibody expressed in the
tumors of the thyroid and the lung.8 Similar to those of other
nonepithelial pulmonary tumors, the total absence of immuno-
reactivity for TTF-1, even in the cases of presumed primary ASPS,
suggests that pulmonary ASPS does not have the same origin
as that of pulmonary epithelial malignancies that express TTF-1
immunoreactivities. All the patients of the present series were
young females, corresponding to the fact that ASPS of the ex-
tremities occurs in the young age group. However, the total
absence of stainability for estrogen and progesterone receptors

was demonstrated. ASPS is a slowly growing, indolent tumor
and Ki-67-positive immunostaining may be a prognostic indi-
cator for the development of metastases in non-pulmonary
ASPS.9 Although immunohistochemical stainings in the pre-

Fig. 2. (A) The tumor of case 1 is a clearly circumscribed nodule containing vascular structures. (B) Periodic acid-Schiff stain with dias-
tase treatment shows abundant intracytoplasmic needle-like crystals (arrow) in the tumor cells (PAS-diastase treatment).
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Fig. 3. Polygonal shaped tumor cells have well developed Golgi
complexes and crystalline inclusions (original magnification ×
17,000, the bar represents 494 nm). Inset indicates typical mem-
brane-bounded rod-shaped crystals with a regular lattice pat-
tern, which meaures 4-6 nm in diameter (original magnification
×40,000, the bar represents 625 nm).
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sent study were applied to only four cases, three presumably
primary cases and one metastatic case, the presumably primary
cases displayed low proliferation indices (less than 0.1%) and
the metastatic tumor displayed a higher index (30%). Though
limited to sporadic cases, these results suggest that Ki-67-posi-
tive rates influence a biologic behavior similar to that of soft
tissue.

The radiological features of pulmonary ASPS are nonspecific
and variable. After intravenous injection of contrast material,
all the cases in the present series showed multiple variously sized,
sharply marginated smooth or lobulating contoured nodules
with striking enhancements. The results are similar to those of
their soft tissue counterpart.10 Radiological distinguishment
from a metastatic choriocarcinoma or hydatidiform mole was
important in case 2. The ASPS did not consist of the absence of
a halo sign, which is commonly caused by a hemorrhage around
metastatic choriocarcinoma nodules. In two cases (cases 3 and
4), large nodules of heterogeneous enhancement containing rel-
atively weak and less enhanced areas, formed the appearance of
a spoke-wheel. 

Like that of its soft tissue counterpart, the pathogenesis of
the pulmonary ASPS having no primary tumor focus remains
unclear like that of soft tissue. It is an extremely rare event for
an ASPS to have its origin in the lung, and four such cases have
been documented in the literature.2,3,11,12 One of the cases (case
3) was metastasized from the bone, which is another rare pri-
mary site for ASPS.13 It is conceivable that a pulmonary ASPS
could give rise to multiple intrapulmonary metastases involv-
ing one or both lungs, or a multifocal ASPS could coexist.3,12

Results from the MyoD1-nuclear stainability of ASPS (demon-
strating actin, MyoD1 or myogenin) by the immunofluores-
cence antibody method, immunohistochemical staining method,
Western blotting with an anti-actin polyclonal antibody, and
reverse transcription polymerase chain reaction suggested a
myogenic origin for the ASPS.14,15 Yet, much debate still per-
sists.6 The membrane-bounded crystals and granules measured
4-6 nm with a periodicity of 10 nm.16 This is a characteristic, if
not pathognomonic, ultrastructural finding of the tumor that
has been considered by some authors to be similar to actin myofila-
ments.17 However, immunohistochemical and ultrastructural
studies have failed to trace the line of differentiation and the ori-
gin of the tumor. Recent cytogenetic techniques have identified
a recurrent der(17) due to a non-reciprocal t(X;17)(p11.2;q25)
in the ASPS, implicating transcriptional deregulation in the
pathogenesis of this tumor.18 However, no plausible mechanisms
for the way in which the fusion oncogene might relate to the

formation of the characteristic crystals have been proven.
The mainstay of treatment for the ASPS of the lung is com-

plete mass excision or metastatectomy even for those consisting
of numerous nodules, because the disease is generally known to
take a relatively indolent and favorable prognosis if adequate
treatment is done on the soft tissue and metastatic pulmonary
masses.19 Chemotherapy or radiotherapy may occasionally be
beneficial,20 but the results of controlled studies are unavailable.

In summary, though limited to small cases, primary and
metastatic pulmonary ASPS’s showed no different immunohis-
tochemical properties, whether they had the same pathogenic
origin or not.
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