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Abstract Objective. To present the
MR and angiographic findings of al-
veolar soft part sarcoma (ASPS).
Design and patients. MR examina-
tions (12 tumors of 10 patients) of
ASPS performed at multiple hospi-
tals were retrospectively reviewed.
The tumors were found in the thigh
(n=4), lower leg (n=4), femur (n=2,
local metastasis), scalp (n=1) and
arm (n=1). The MR signal character-
istics including signal intensity, ho-
mogeneity and signal void of lesions
and bony invasion including direct
invasion or local metastasis were
evaluated. Angiographic findings
(n=4) and post-embolotherapy fol-
low-up MR imaging (n=2) findings
were also assessed.
Results. Local bony metastasis was
found in two cases. Seven tumors
showed heterogeneous high signal
intensity on T1- and T2-weighted
images with good enhancement. One
tumor had a very high signal on 
T1-weighted images. Eight tumors
(67%) showed numerous signal
voids in or near the tumors. All four
angiographic studies showed numer-
ous enlarged vessels, arteriovenous
shunts and delayed washout. Two
cases mimicked arteriovenous mal-
formations on angiographic studies
but MR images demonstrated solid
soft tissue components as well as
tortuous vessels.
Conclusions. High signal on 
T1-weighted image and numerous
signal voids are highly suggestive of

ASPS, although they are not univer-
sal as has been suggested and arte-
riovenous malformation should be
included in the differential diagnosis.
Local bony metastases in ASPS were
seen in two cases and should be
carefully investigated.
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Introduction

Alveolar soft part sarcoma (ASPS) is a morphologically
distinct malignant soft tissue sarcoma which was initially
described by Christopherson et al. [1]; its histogenesis is
uncertain. Radiologists may not be familiar with the im-
aging findings as these tumors are rare, comprising
approximately 0.5–1% of all soft tissue sarcomas [2]. As
ASPS is slow growing, symptoms are uncommon and
patients and physicians can overlook the tumor. Recent-
ly, investigators have reported that high signal intensity
on T1- and T2-weighted images and flow voids [3, 4] are
characteristic MR findings of ASPS. However, the signal
intensity changes of ASPS are not specific and flow
voids are also not pathognomonic. ASPS is an extremely
vascular tumor, which may present as a pulsatile mass
with an audible bruit, and can mimic arteriovenous mal-
formations. In these circumstances suspicion of ASPS
will result in tissue biopsy, which will avoid inappropri-
ate therapy such as embolotherapy, a current principal
treatment method for arteriovenous malformations. Lo-
cal bone metastases in ASPS have only recently been ad-
dressed in imaging studies, and this may be an important
issue for local tumor management. We have therefore re-
viewed the MR findings of ASPS and correlated the an-
giographic findings in selected cases.

Materials and methods

MR imaging of 10 patients with 12 pathologically proven ASPS
were retrospectively reviewed. Histological preparation was un-
dertaken with hematoxylin and eosin staining in all cases and
supplemented with PAS stain in seven cases. MR studies were
available in all cases and angiography in four patients. In four pa-
tients, follow-up MR imaging was performed after preoperative
chemotherapy and embolotherapy (n=2) or preoperative chemo-
therapy alone (n=2). Selective arterial embolization was per-
formed with polyvinyl alcohol foam powder with gelatin sponge.
All available imaging studies were retrospectively reviewed for
the evidence of metastatic disease. MR was performed at five in-
stitutions using 1.5-T (Signa Advantage, GE Medical Systems,
Milwaukee, Wis.; Magnetom, SP 4000, Siemens Medical Sys-
tems, Iselin, N.J.) or 0.5-T scanners (Gyroscan T5, Philips Medi-
cal Systems, Best, The Netherlands). In all cases, T1-weighted
images (TR/TE = 350–700/10–20), T2-weighted images (2200–
3500/60–80), and T1-weighted images after intravenous adminis-
tration of 0.1 mmol/kg body weight of gadopentetate dimeglu-
mine (Magnevist; Berlex Laboratories, Wayne, N.J.; Schering,
Berlin, Germany) were obtained. Typical MR imaging parameters
were as follows: field of view, 16–35 cm; one or two acquisitions;
matrix size, 256×192; section thickness, 5–10 mm; intersection
gap, 3–5 mm.

We reviewed the MR images for signal intensity, signal homo-
geneity, and the presence of flow voids, osseous invasion and con-
trast enhancement. Muscle was used as the normal reference tissue
on T1-weighted images, and subcutaneous fat was used as the nor-
mal reference tissue on T2-weighted images. Digital subtraction
angiography was performed using a transfemoral approach with a
5 Fr catheter. Angiography was reviewed from the viewpoint of
vascularity, arteriovenous shunt and washout delay. Skeletal scin-
tigraphy was performed in all but three patients (nos. 2, 8, 9) and

distant or local metastases were assessed. Chest CT scan was un-
dertaken in seven cases at initial diagnosis.

Results

The clinical data of the patients are summarized in Table 1.
There were three male and seven female patients (age
range 17–48 years, mean age 29 years). They presented
with either a mass (n=8) or pain (n=2). Eight patients had a
single soft tissue tumor and two had a soft tissue mass and
local bony metastatic lesions. The tumors were in the thigh
(n=4), lower leg (n=4), femur (n=2, local metastasis), scalp
(n=1) and arm (n=1). Histological examinations were un-
dertaken on all patients and demonstrated a pseudoalveolar
pattern and nests of tumor cells separated by sinusoidal
vascular channels and individual cells with vesicular nucle-
oli and abundant eosinophilic cytoplasm. Whole-body
bone scintigraphy was undertaken in eight cases; in two
cases (nos. 2, 8) it was not undertaken or the data lost.
Three cases showed bone metastases at initial presentation,
which were distant in two cases. Plain radiographs and CT
scans of the chest were available in seven cases. Six of
these showed metastasis in the lungs. In three cases (nos. 2,
8, 10), chest CT was not performed at the initial investiga-
tion, but two (nos. 2, 8) had lung metastatic lesions detect-
ed on the chest radiograph and one (no. 10) did not show
metastatic lesions at initial diagnosis. Overall seven pa-
tients had metastatic lesions in the lungs at initial presenta-
tion and two developed them during the follow-up period.
One patient was died during follow-up and two were lost;
the mean duration of follow-up was 17 months.

Local bone metastases were found in two patients.
One female patient presenting with pain in the distal fe-
mur (no. 4) had a tumor in the medial femoral condyle
and two further nodules in the femur. A primary tumor
was later demonstrated in the left calf during angiogra-
phy, which was asymptomatic (Fig. 1). Whole-body
bone scintigraphy did not reveal any metastatic bone le-
sion except in the distal femur. A further patient (no. 5)
had a local metastasis in the proximal femur, from a pri-
mary mass in the anterior, upper thigh (Fig. 2). This pa-
tient had direct tumor invasion into the acetabulum and a
skip nodular lesion in the ischial ramus. Again histologi-
cal examinations revealed a characteristic pseudoalveo-
lar pattern and nests of tumor cells separated by sinusoi-
dal vascular channels (Figs. 1, 2). Individual cells
showed vesicular nucleoli and abundant eosinophilic 
cytoplasm. Tumor emboli were found in the vessels 
(Fig. 2). Direct bone invasion was also found in two oth-
er patients (Fig. 3).

MR appearances are summarized in Table 2. Most tu-
mors showed heterogeneously high signal intensity on
T1-weighted and T2-weighted images. The tumors were
enhanced, either homogeneously (40%) or heteroge-
neously (60%). Seven showed numerous round or ser-
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pentine signal voids (Fig. 3). Signal voids were observed
in the tumor and/or at the periphery of the tumors. In
contrast to the primary ASPS, bony lesions either from
metastasis or direct invasion rarely showed signal voids
on MR imaging.

Angiography showed numerous enlarged vessels, arte-
riovenous shunts and delayed washout in all four cases
(Figs. 1, 2). Angiographic studies of two patients (nos. 4, 7)
were mistaken for arteriovenous malformations at the ini-
tial interpretation. However, these cases were found to have
abundant solid soft tissue components on MR imaging.

MR imaging undertaken for follow-up evaluation
showed no change in size and signal intensity of the tu-
mors after preoperative chemotherapy alone (n=2). Che-

Fig. 1a–i Local bone metastases in the femur. a T2-weighted im-
age shows a well-demarcated mass and two satellite nodules
(arrows) in the medial femoral condyle. b T1-weighted image
shows slightly increased signal, c T2-weighted image shows heter-
ogeneously high signal and d T1-weighted fat-saturation post-con-
trast image shows strong enhancement in the mass of the calf. Nu-
merous signal voids are present in the tumor and at the periphery
with the largest (arrows in b–d) seen posterior to the fibula. 
e Early arterial phase image of digital subtraction angiogram dem-
onstrates arteriovenous shunting and f the delayed phase image
shows venous drainage and delayed washout. g Gross specimen
shows a lobulated mass with multiple hemorrhagic foci and h
H&E-stained microslide shows prominent dilated veins within
fibrous trabeculae dividing the tumor into multiple compartments.
i PAS stain with diastase shows typical intracytoplasmic crystal-
line inclusions (arrows)
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motherapy and embolotherapy (n=2) resulted in a varied
response: in one patient the tumor showed extensive cen-
tral necrosis (Fig. 4) while in the other it showed no
change in size and signal intensity (Fig. 5).

Discussion

ASPS predominantly affects young adults and females
and frequently involves the lower extremities, but may
develop in regions of the head and neck, particularly in
children. In our study, one female patient presented with
bone pain in the right distal femur, which was later found
to be a local metastatic lesion. A primary mass in the
calf was not accompanied by pain and was not detected
until angiography was undertaken for the femoral lesion.
Metastases are commonly demonstrated at initial presen-
tation [5, 6] and involve the lung, bone and brain in that
order of frequency. In our study, distant metastases were
found in seven of ten patients at initial presentation. Me-
dian survival was 3–11 years with or without metastases
at diagnosis in previous studies [5, 7]. Thus the presence
of metastasis is a poor prognostic factor. In this study,
the mean duration of follow-up was 17 months but the
prognosis will probably be poor because metastases were
present at diagnosis in 70% of patients.

Macroscopically, ASPS is usually a well-circum-
scribed mass with a homogeneous appearance on a cut
surface. The microscopic picture is uniform, character-
ized by a pseudoalveolar pattern with nests of tumor
cells separated by sinusoidal vascular channels [2]. Indi-
vidual cells have vesicular nucleoli and abundant eosino-
philic cytoplasm and show little variation. Periodic acid-
Schiff (PAS) preparation frequently reveals rod- or
sheaf-like crystals in the tumor cells, which is diagnostic
of ASPS. Pathologically, the differential diagnosis in-

cludes metastatic renal cell carcinoma, alveolar rhabdo-
myosarcoma, paraganglioma and granular cell tumor. We
did not perform genetic analysis but this tumor is known
to have translocation t(X; 17)(p11.2; q25.3) [8].

A few investigators have described the radiological
findings of ASPS and emphasized that ASPS has high
signal on T1-weighted and T2-weighted images and mul-
tiple intra- and extra-tumoral signal voids [3, 4]. The high
signal on T1-weighted sequence has been attributed to
slow-flowing blood in or around the tumor [4, 9] or to
chemotherapy [3]. In the review of our cases, signal inten-
sity of the tumor on T1-weighted image was slightly high-
er than that of the muscles in most cases. Only one case
(no. 3) showed very high serpentine signal, which was
thought to be related to slow blood flow. However, many
soft tissue sarcomas may show iso-intense or slightly in-
creased signal on T1-weighted images. Clear cell sarco-
ma, metastatic melanoma, hemangioma, liposarcoma and
soft tissue tumor with hemorrhage should be included in
the differential diagnosis due to high signal intensity on
T1-weighted images. Histologically, clear cell sarcoma
has melanocytic differentiation, so T1 shortening is possi-
ble [10]. Multiple signal voids with a tubular appearance
may relate to high blood flow and are frequently observed
in ASPS. Such voids are not specific for ASPS either, but
the combination of the high signal on T1-weighted imag-
es and signal void would suggest the diagnosis of ASPS.
Clear cell sarcoma does not have the signal void on MR
findings, and satellite nodule or local bone metastasis is
rare. Hemangioma also has slightly high signal intensity
on T1-weighted images due to fibrofatty components, and
has signal void within high flow vessels [11].

Angiography showed highly vascular, arteriovenous
shunts and delayed washout, which have also been de-
scribed in previous reports [3, 4, 9]. On the basis of the
angiographic findings, the differential diagnosis includes
vascular malformations and highly vascularized soft tis-
sue tumors [12]. Differentiation from arteriovenous mal-
formation is very important [13] because arteriovenous

Fig. 1h–i
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Fig. 2a–g Alveolar soft part sarcoma with direct bony invasion
and local bone metastatic lesion. a T1-weighted and b T2-weight-
ed images show a well-defined mass with heterogeneously high
signal in the anterior, upper thigh and multiple signal voids at the
periphery of the mass. c, d T1-weighted fat-saturation post-con-
trast images show a strongly enhancing mass which directly in-
vades the acetabulum, extending to the internal obturator muscle.
A skip lesion is seen in the ischium (d, arrow). Another bone le-

sion is demonstrated in the femur where intramedullary enhance-
ment (c, arrows) is evident. e Angiography shows numerous tortu-
ous enlarged vessels in the main mass at the early arterial phase
but fewer vessels in the femoral lesion (arrows) and in the acetab-
ular lesion. f Gross specimen of the incompletely excised soft tis-
sue mass and acetabulum shows several hemorrhagic foci in the
central portion of the mass. g Microscopic slide (H&E stain)
shows a tumor embolus within a peripheral dilated vein (arrow)
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malformation is often treated with embolotherapy without
performing a biopsy and angiographic misinterpretation
may lead to an inappropriate treatment. Arteriovenous
malformations usually show rapid draining of contrast
agent whereas ASPS shows a delayed washout pattern
[4]. However, it is not always possible to exclude 
arteriovenous malformation because a mixed high and
low flow pattern may be present as a continuous spec-
trum of vascular malformations. MR imaging can help to
distinguish between a highly vascular ASPS and an arte-
riovenous malformation, by demonstrating an abundant
solid tissue component in addition to signal voids, where-
as arteriovenous malformation has exclusively vascular
components with scanty solid tissue components in the
tumor and frequently has fibrofatty tissue with high sig-
nal on T1-weighted images within the mass. In our cases
(nos. 4, 7) where angiography had been initially interpret-
ed as arteriovenous malformations, MR imaging enabled
the correct diagnosis of soft tissue sarcoma.

ASPS can affect bones by direct or metastatic spread
[14, 15]. In such cases the differential diagnosis includes
a primary bone tumor with large soft tissue mass, a soft
tissue mass with invasion of adjacent bones, and metas-
tases. Distant bony metastases are reported commonly in

ASPS (55.6%), followed by angiosarcoma (50%), dedif-
ferentiated liposarcoma (50%) and rhabdomyosarcoma
(26.7%) [16]. Local bone metastasis is not uncommon in
soft tissue sarcoma [16], particularly ASPS, but it has
not been fully discussed previously. It is conceivable that
local bone metastasis can develop as a result of tumor
emboli transferred via venous channels. It is also of con-
cern that a relatively large bone lesion is accompanied
small satellite nodules. It is our view that when ASPS is
considered a presumptive diagnosis, efforts should be
made to detect local bone metastases, and as ASPS has a
propensity for bone and lung metastases, whole-body
bone scintigraphy and chest CT are required for staging.

There is no consensus with regard to the efficacy of
chemotherapy or embolotherapy for ASPS. Of the four
patients who were followed with MR imaging, one had
extensive central tumor necrosis, which was thought to
be effective, but three cases showed no change.

In conclusion, increased signal compared with muscle
on T1-weighted images and numerous signal voids on
MR imaging are highly suggestive of ASPS, and the
presence of a soft tissue mass should differentiate ASPS
from arteriovenous malformation. Local bone metastases
in ASPS are not uncommon.

Fig. 3a–c Alveolar soft part sarcoma with very high serpentine
signals on the T1-weighted image. a T1-weighted image shows
very high signals (similar to fat signal intensity) in the tumor, cor-
responding to the slow blood flow in vascular lakes. b T2-weight-
ed image shows heterogeneously high signal intensity with tortu-
ous signal voids suggesting vessels. c T2-weighted image shows
that numerous signal voids are evident in the soft tissue mass but
not in the mass directly invading into adjacent bone of the fibula
(arrow)
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Fig. 4a–d Alveolar soft part sarcoma showing the effectiveness of embolotherapy. a Pre-embolo-
therapy and b post-embolotherapy (3 months later) contrast-enhanced images show a strongly en-
hanced mass and a remarkable change with extensively central necrosis of the tumor, respectively. 
c, d Pre- and post-embolization angiograms show an extremely hypervascular mass with arteriove-
nous shunting and complete occlusion of feeding vessels to the tumor

Fig. 5a–c Alveolar soft part sarcoma initially considered as an arteriovenous malformation on
the basis of the angiographic examination. a Angiography demonstrates a mass supplied by 
numerous arteries from the femoral artery and tortuous dilated vessels in the tumor on the early
arterial phase image (A) and persistently contrast-filled vessels on the delayed phase image (not
shown). b, c Pre- and Post-embolization (six months later). T1-weighted fat-saturation post-
contrast image show a relatively homogeneously enhanced mass
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