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Alveolar soft part sarcoma (ASPS) is a rare tumor, ac-
counting for 0.5%–0.9% of all soft-tissue sarcomas in 
adults. ASPS accounts for 0.8–1.8% of all tumors found 
in children [1], and is commonly seen in young females 
[2]. This type of tumor has two predilection sites: the 
lower extremities in adults and the head and neck region 
in infants and children [3]. The tumor is rich in vascu-
lar tissue, and is almost asymptomatic during the early 
stages; therefore, metastasis may be a relative character-
istic of the tumor. ASPS frequently metastasizes to the 
lungs (42%), bones (19%), brain (15%), and lymph nodes 
(7%) [4]. ASPS typically shows a high signal intensity in 
T1-weighted imaging (T1WI) and T2-weighted imaging 
(T2WI). The images of this tumor are rich in intra- and 
extra-tumoral vascular flow void signals; therefore, this 
may be a specific manifestation of this tumor [5]. As it is 
a rare disease, a majority of the references on ASPS are 
case reports; therefore, the features of dynamic contrast-
enhanced magnetic resonance imaging (DCE-MRI) and 
1H-MR spectroscopy (1H-MRS) in ASPS have been rare-
ly observed in previous studies. In this study, the MRI 
features of 11 patients with ASPS were analyzed, in an 
attempt to improve the levels of ASPS diagnosis. 

Materials and methods

Clinical data
Eleven patients (6 males, 5 females; age range, 21–62 

years; mean age, 32 years) with ASPS, proved by histo-
pathological examinations between January 2007 and 
March 2014, were retrospectively reviewed. Six of these 
patients were under 30 years, and 9 were aged below 40. 
An institutional review board exemption and waiver for 
the requirement of written informed consent was ob-
tained for this retrospective study. A majority of the pa-
tients sought medical care for a painless mass, or a mass 
found accidentally by physical examination (7/11); one 
of these patients sought treatment for a headache (1/11). 
Based on palpation, it was classified as a single, firm, non-
tender mass (6/11).

Medical imaging
The equipment used in this study included a 3.0T MR 

scanner (Syngo MRD13; Siemens, Germany), a 1.5T MR 
scanner (Signa HDxt; GE Healthcare, USA), and a CT 
scanner (Discovery 750 HD CT; GE Healthcare, USA). 
All 11 patients were subjected to conventional MRI. Five 
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Objective  The aim of this study was to analyze the imaging features of alveolar soft part sarcoma 
(ASPS).
Methods  The imaging features of 11 cases with ASPS were retrospectively analyzed. 
Results  ASPS mainly exhibited an isointense or slightly high signal intensity on T1-weighted imaging 
(T1WI), and a mixed high signal on T2-weighted imaging (T2WI). ASPS was partial, with rich tortuous flow 
voids, or “line-like” low signal septa. The essence of the mass was heterogeneous enhancement. The 1H-
MRS showed a slight choline peak at 3.2 ppm. 
Conclusion  The well-circumscribed mass and blood voids, combined with “line-like” low signals play a 
significant role in diagnosis. The choline peak and the other signs may be auxiliary diagnoses.
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patients were subjected to contrast-enhanced MRI, and 
one patient to DCE-MRI DCE-MRI, utilizing the TWIST 
sequence, MRS, and spiral CT angiography (CTA). One 
patient underwent a 1H-MRS and a spiral CTA examina-
tion each. 

Two musculoskeletal radiologists (fifteen years of work 
experience), who were blinded to the diagnosis and the 
disease history of patients, were requested to evaluate the 
masses based on a consensus; this included an analysis of 
the location, signal, shape, boundary, size, enhancement, 
and spectrum. 

Two pathologists with more than sixteen years of work 
experience, who were blinded to the disease history of 
the patients, were asked to evaluate all of the stained 
slides based on a consensus.

Results

Tumor location
There were no significant traits in the location of 

ASPS. The tumors were located in the hip (2 cases); re-
gions adjacent to the hip (5 cases), including the sacrococ-
cygeal region (1 case), left iliac fossa (1 case), right iliac 
bone (1 case), low abdominal wall (1 case), and the root 
of thigh (1 case); and in the extremities, including the arm 
(2 case), thigh (1 case), and the orbit (1 case).

Tumor size
The size of the ASPS tumor was usually large, with the 

length-diameter ranging from 34 mm to 92 mm (average, 
62.4 mm). The largest mass was located in the sacrococcy-
geal region, while the smallest was situated in the orbit. 

Tumor shape and border
The tumors were sphere-shaped (9/11) or fusiform 

(1/11). The boundaries of ASPS ranged from relatively 
clear (9/11) to unclear (2/11). Four of the patients showed 
bone erosions. Metastasis was seen in 7 patients (4 in the 
lung, 1 in the brain, 2 in the lymph nodes). 

Characteristics of the MRI and CT scan images
ASPS showed a high or iso-signal intensity on T1WI 

(Fig. 1a, Fig. 2a) and a high-intensity on T2WI (Fig. 1b, 
Fig. 1c and Fig. 2b), relative to the muscle (11/11). Four 
cases displayed regions with multiple necrosis (Fig. 1d) 
and one showed a hemorrhage. Flow voids were observed 
in 8/11 cases in the core or margin of the tumor (Fig. 1e, 
Fig. 2b). Multiple “line-like” low signal septa were seen 
in 9/11 cases (Fig. 2c). Five cases were non-uniformly dis-
tributed (5/5) when observed by contrast enhanced MRI, 
wherein regions of cystoid variation and necrosis were 
not obviously enhanced. The “line-like” septa were also 
not enhanced. The DCE-MRI and CTA images of tumors 
in three patients showed a rich blood supply (Fig. 1f, Fig. 
1g, and Fig. 2d). Brain metastasis also showed signal voids 

Table  1  Clinical characteristics and MRI features of patients with ASPS

No. Sex Age 
(years) Clinical features Imaging features 1H-MRST1WI T2WI Contrast enhanced MRI

1  Female 42 A spherical painless Iso-signal High signal with “line-like” – –
mass in left hip low signal and flow voids

2 Male 21 A spherical painless Iso-signal High signal with “line-like” – –
mass in right hip low signal and flow voids

3 Female 22 A spherical painless Iso-signal High signal with “line-like” – –
mass in abdominal wall low signal and flow voids

4 Male 27 A sacrococcygeal round Iso-signal High signal with “line-like” arteries surround the mass choline peak rise
painless mass low signal and flow voids

5 Female 21 A oval painless mass in Iso-signal High signal with “line-like” tortuous vessels ehanced choline peak rise
fossa iliaca low signal and flow voids

6 Male 62 Multiple masses in high-signal High signal with “line-like” – –
fossa iliaca low signal and flow voids

7 Female 25 A round pain mass in Iso-signal High signal with “line-like” tortuous vessels ehanced –
 left thigh low signal and flow voids

8 Male 33 A stiff painless mass in left Iso-signal High signal with “line-like” – –
superficial thigh low signal and flow voids

9 Male 34 A painless mass in right arm Iso-signal High signal with “line-like” – –
low signal 

10 Female 28 A fusiform pain mass in Iso-signal High signal – –
right arm

11 Male 38 Headache with irregular Iso-signal High signal tortuous vessels ehanced choline peak rise
 pain mass in right orbit
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on MRI; many nodules in lung metastasis were arranged 
in a snow-like pattern, as observed on the CT scans. The 
big, twisted supplying arteries corresponded to the vas-
cular flow voids regions in the images obtained by T2-
weighted DCE-MRI. The time-signal intensity curve of 
T2-weighted DCE-MRI indicated a rapid rise in the per-
fusion of ASPS during the early stages, which decreased 

over a subsequent period of time (1/1). 1H MRS imaging 
revealed a distinct choline peak (Fig. 1h) at 3.2 ppm (2/2; 
Table 1).

Histopathological presentation
A photomicrograph of ASPS showed a typical tumor 

cell aggregation, like a nest or an alveolar structure (Fig. 

Fig.  1  A 21-year-old patient with alveolar soft part sarcoma in the left iliac fossa. The mass showed a slightly high signal intensity on T1WI (a) (TR/TE 
= 766/22 ms). Coronal fat suppression T2WI (b) (TR/TE = 3000/38 ms) showed a round mass, with multiple tortuous flow voids of vessels (arrows). 
a significantly high intensity on T2WI (c)TR/TE = 2400/84 ms), with a little necrosis (arrowhead). The tumor was separated by multiple “line-like” low 
signals (arrow), both on T1WI and T2WI. Coronal contrast-enhanced T1WI (d) (TR/TE = 280/7.2 ms) showed that the tortuous vessels are not enhanced 
after the injection of contrast medium (Gadovist, 0.1 mmol/kg). The TWIST sequence (e) (TR/TE = 3/1.11 ms, 25 phases) indicated that the tumor was 
highly vascular, which was supplied by the left external iliac artery and surrounded by dilated veins (arrowhead); the tortuous signal voids of vessels seen 
on T2WI were essentially thick supplying arteries (arrow). The time-signal intensity curve of DCE-MRI (f) showed the rapid rise during the early stage 
and the slow eventual descent. (g) The tumor was obviously enhanced, and its adjacent iliac bone was slightly enhanced (arrow). MRS (h) showed a 
discrete choline peak at 3.2 ppm (arrow). TR: repetition time; TE: echo time

Fig.  2  A 27-year-old male patient with ASPS. Sagittal T1WI (A)(TR/TE = 340/7.28 ms) showed that the mass is well-defined, and an iso-intensity 
signal. Multiple signal voids were seen in the mass on sagittal T2WI (B) (TR/TE = 2200/123.75 ms) (arrows). Axial T2WI (c) (TR/TE = 2480/117.72 ms) 
demonstrated that the mass shows a mixed high signal intensity with multiple “line-like” low signals (arrowheads), the round signal voids (long arrow) 
and the iso-signal intensity in the center (short arrow). CTA (D) showed dilated supplying arteries throughout, or surrounding the whole mass (arrows) of 
the necrosis (long arrow) without enhancement. Left acetabulum and sacrum bone were seriously invaded. TR: repetition time; TE: echo time
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3). The cells in the center of the nest were degenerated or 
undergoing necrosis. Capillary networks and fiber tissues 
were also observed in the intercellular space. Immuno-
histochemical analysis revealed that some of the patients 
were positive for S-100 protein (1/5), vim (1/3), MyoD1 
cytoplasm (1/3), and Neuro Specific Enolase (1/1), and 
negative for other tumor markers.

Discussion

Clinical features and pathological features
ASPS is a rare malignant tumor affecting soft tissues, 

with a peak age of incidence of 15–35 years [6]. It can oc-
cur in any region of the body, and is commonly found 
in the extremities or the trunk [2]. Our research indicates 
that the hip and its adjacent anatomic structures are the 
common locations of the tumor. Even when the tumor 
occurs in the thigh, it tends to be closer to the hip. Some 
studies have shown a higher incidence of ASPS on the 
right side of the body [7]. Our research did not reveal any 
such tendency. ASPS is a slow-growing tumor that is usu-
ally painless; therefore, this tumor has been described as 
a “disease that whispers”, owing to its hypervascularity. 
Metastasis has been reported in 20–25% of the patients at 
the time of diagnosis [8]. In this study, the lungs were the 
most common tumor sites, which correlated with the re-
sults of a previous report [9]. The patients’ median survival 
rate has been reported to be 48 months, with an overall 
5-year survival rate of 38% [10]. Tumor cells were arranged 
in “nest-like” or alveolar structures in all cases. PAS stain 
was seen to be positive; the rod shape crystal of the PAS 
stain could significantly assist in differentiating the pri-
mary and metastasis ASPS [11]. 

Radiological features 
Unenhanced T1-weighted MRI of ASPS usually dem-

onstrated an iso-intense or slightly high-intense sig-
nal relative to the muscle, while the T2-weighted MRI 
showed a heterogeneous high signal. Chen et al [8] attrib-
uted the slightly high-intense signal in T1-weighted MRI 
and the high signal in T2-weighted MRI to the slow flow 
of blood. Multiple serpentine signal voids within the tu-

mors in all sequences may be a relative characteristic ap-
pearing in ASPS. Previous studies have reported that high 
blood flow leads to such phenomena [12], and that slow 
blood flow is a certain cause of patch high signal intensity 
on T2WI. However, it is difficult to separate such a high 
signal intensity lesions from that for hemorrhage. In this 
study, 9 cases showed a “line-like” low signal septa on T1-
weighted and T2-weighted MRI, due to the fibrous sep-
tum between tumor cell nests. The “line-like” substances 
are fibers; however, such manifestations are not specific, 
and usually appear in fibrosarcoma. ASPS was hetero-
geneously well-enhanced by contrast-enhanced CT and 
MRI owing to its abundant blood supply; the solid por-
tion was rapidly enhanced after the injection of contrast 
medium. On the other hand, necrosis and “line-like” low 
signal septa were not enhanced in our study. The DCE-
MRI, utilizing the TWIST sequence, clearly showed thick 
or twisted supplying arteries as flow voids on T2WI. Two 
cases subjected to CTA scanning displayed winding sup-
ply arteries entering the core from the edge of tumor. 
Venous drainage disorders (displayed on a DCE-MRI) 
around the tumor could be easily misdiagnosed as arte-
riovenous malformation [12–13]. The time-signal intensity 
curve showed a rapid rise (30 s), and a relative slow fall, 
in one case. The specificity of this feature needs further 
study (as the number of cases in this study is not enough 
to draw a definitive conclusion). MRS showed a distinct 
choline peak at 3.2 ppm in two cases. The choline peak 
reflects the induction of glycerophosphoryl choline and 
phosphorylcholine, which are involved in the synthesis 
and breakdown of cell membrane phospholipids. We ob-
served a significant increase in the choline content in ma-
lignant tumors, which reflects the increase in cell mem-
brane conversion [14]. In addition, our study indicated the 
appearance of a signal void in brain metastasis on an MRI, 
as well as many nodules in lung metastasis arranged as 
snow-like type on CT scans. Some previous studies have 
[8] reported that satellite nodules around the primary le-
sion may be a specific sign of ASPS; however, according 
to our statistics, only one-eleventh of the cases showed 
the attachment of nodules to the mass. 

Differential diagnosis

The differential diagnosis includes vascular malforma-
tions and highly vascularized soft tissue tumors [15]. Fibro-
sarcoma, arteriovenous malformations, and hemangioma 
need to be distinguished from ASPS.

Myxofibrosarcoma
Fibrosarcoma also shows an iso-signal intensity or 

slightly high signal intensity in T1WI, and a mixed high 
signal on T2WI, relative to the muscles [16]. However, this 
tumor is most commonly seen in old people, and occa-

Fig.  3  Photomicrographs (H&E, ×100). The large and polygonal tumor 
cells are arranged in solid nests and/or alveolar structures with very large 
and atypical vesicular nuclei. Necrosis was also observed
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sionally in young adults [17] . This tumor usually presents 
a lobulated shape located in the superficial layer. Its en-
hancement is homogeneous or heterogeneous. Myxofi-
brosarcoma has been frequently reported to show curvi-
linear extensions (which histopathologically represents 
fascial extension) exhibiting a high T2 signal; in addition, 
this is enhanced on post-gadolinium MRI [18], which may 
be a relative specific manifestation that is not shown by 
ASPS. The signal void feature is not to be found in cor-
relative literature pertaining to myxofibrosarcoma.

Arteriovenous malformations
Because of the existence of flow voids, ASPS may be 

misdiagnosed as an arteriovenous malformation; ASPS 
can be distinguished from arteriovenous malforma-
tions by the significant soft tissue component and slow 
washout of contrast medium. Meanwhile, arteriovenous 
malformation has exclusive vascular components, with 
scanty solid-tissue components in the tumor. In addition, 
hemorrhage in more common in arteriovenous malfor-
mations than in ASPS [11]. 

Hemangioma
Although hemangioma demonstrates a slightly high-

signal-intensity on T1WI, and a “light bulb sign” on 
T2WI, which indicates that the signal on T2WI of hem-
angioma may be more homogeneous and higher than that 
of ASPS. In addition, hemangioma often shows an irregu-
lar margin, while ASPS usually presents an oval or round 
shape. Many other tumors, such as malignant fibrous his-
tiocytoma, metastatic melanoma, and soft-tissue tumor 
with hemorrhage, may present an iso-intensity signal or 
a slightly high signal intensity on T1WI; however, signal 
voids of vessels are not frequently observed in these tu-
mors. The tumor border may be another point allowing 
for their differentiation.

Conclusion
The radiological features of ASPS include a round im-

age, with iso- or high signal intensity on T1WI, and a 
mixed high signal intensity, multiple tortuous flow voids, 
and a “line-like” low signal. Contrast-enhanced MR or 
CTA demonstrate thick twisted supply arteries, or mul-
tiple regurgitant veins around the tumor. Among the 
numerous radiological characteristics of ASPS, a well-cir-
cumscribed mass and blood voids combined with “line-
like” low signal definitely play a significant role in the 
diagnosis of ASPS. The distinct choline peak in MRS, 
time-signal intensity curve, satellite nodules, or the other 
signs may comprise auxiliary diagnoses.
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