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Abstract Context Alveolar soft part sarcoma (ASPS) is a rare soft tissue tumor most commonly
occurring in deep intramuscular plane of lower extremities of adolescents and young
adults. It is a highly vascular, slow growing tumor with malignant potential having lung
as the most common site of metastases at the time of presentation.
Aims The aim is to review the imaging findings of ASPS and determine characteristic
imaging features of this rare tumor.
Materials and Methods Sixteen patients having histopathological diagnosis and
preoperative imaging of ASPS attending the dedicated sarcoma clinic at our institute
were included in the study. The demographic, clinical, and imaging data were retrieved
from the case records and then evaluated for characteristic imaging features which
may raise suspicion of ASPS.
Results The patients ranged from 3 to 72 years of age and with a slight male
preponderance. Of the eight CECTs evaluated, 62.5% tumors showed well-defined
lobulated margins, 87.5% cases showed intense enhancement with presence of feeder
vessels. On CEMRI of 10 patients, 70% had well circumscribed lobulated margins with
intense enhancement and tortuous flow voids in most of them. All cases showed T2
hyperintense signal. Fourteen of 16 (87.5%) patients had metastatic disease with lung
as the most common site (92.8%).
Conclusion ASPS is a rare soft tissue sarcoma seen in children and young adults.
Imaging may mimic a vascular malformation due to the presence of tortuous feeders.
Misdiagnosis at an early stage may lead to later metastatic presentation of the disease,
thus emphasizing the need to suspect it on imaging.
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Introduction

Soft tissue sarcomas (STS) are a rare malignancy with
undifferentiated pleomorphic sarcoma (previously called
malignant fibrous histiocytoma), liposarcoma, and leiomyo-
sarcoma being the most frequent histologies in adults.1

Alveolar soft part sarcoma (ASPS) comprises <1% of all STS
with literature limited to case reports and series.2 As per the
5thWHO classification of soft tissue tumors updated in 2020,
ASPS falls under the malignant category of “tumors of
uncertain differentiation”3 with extremities being the
most common site of occurrence. It mostly occurs in children
and young adults in the age group of 15 to 35 years.4 Nearly
two-thirds of adults and one-third of the children have
metastases to lungs, lymph nodes, and brain at the time of
diagnosis. Metastases are known to occur after long tumor
free intervals, approximately 38% of metastases occurring
after 10 years of diagnosis with or without local site recur-
rence.4,5 Patients of ASPS usually have a poor prognosis. The
mainstay of treatment remains total surgical excision and
metastatectomy as it is unresponsive to conventional che-
motherapy. Various targeted immunotherapies have been
tried; however, no standard medical treatment protocol
exists.6

Its typical histopathological appearance is arrangement of
large epithelioid tumor cells in a pseudo“alveolar” pattern
surrounded by sinusoidal vascular channels thus giving its
name. ASPS is characterized by the unbalanced translocation
t (X; 17) (p11; q25), which creates the ASPSCR1–TFE3 fusion
protein, having angiogenic properties.7,8

The imaging features often mimic vascular tumors and
malformations due to its highly vascular nature and feeders,
whichmay delay appropriatework-up.4,6 Further, it requires
review by pathologists having expertise in sarcomas and
application of special immunohistochemical or genetic
markers for exact characterization. Hence, the initial suspi-
cion must be raised on imaging. Contrast-enhanced MRI
serves is a major tool in the work-up of soft tissue tumors
to suggest the diagnosis and assess resectability. ASPS are
usually located in the deep intramuscular compartment of an
extremity, demonstrating lobulated well-defined margins
showing hyperintense signal on T2WI and intense enhance-
ment. Feeder vessels within and in the periphery of the
tumor are typical.4,9–12 Metastases most commonly to the
lung are present at the time of presentation4,9,10. This study
was conducted to reviewand determine the imaging features
of ASPS patients visiting dedicated sarcoma clinic of our
tertiary care center.

Materials and Methods

This retrospective study was conducted on patients with
histopathological diagnosis of ASPS presenting to dedicated
sarcoma clinic of our institute during the last 3 years (2016 to
2019), after obtaining approval from institute’s ethics com-
mittee, with waiver for informed consent. The demographic,
clinical, imaging, and pathological details were obtained
from the patients’ institutional case records.

Inclusion criteria: Histopathological diagnosis of ASPS in
patients presenting to sarcoma clinic, confirmed by sarcoma
pathologist of our institute. Of these patients, the ones with
availability of at least one baseline cross-sectional imaging
(computed tomography [CT] or magnetic resonance imaging
[MRI] or positron emission tomography computed tomogra-
phy [PET-CT]) of the primary tumor and adequate clinical
details such as age and gender of the patient were included.

Exclusion criteria: Non availability of baseline CT/MRI/
PET-CT.

Histopathology: The pathological diagnosis of ASPS was
established by pathologist (A.B.) with an experience in
sarcomas. In the patients, who underwent biopsy or resec-
tion outside, the slides were reviewed by the same sarcoma
pathologist of our institute, before deciding on treatment
plan.

Imaging analysis: Imaging details in the form of ultraso-
nography (USG), CT, MRI, or PET-CT were obtained from
the patients’ files. For the patients’ whose imaging was
available and was done outside, the films were reviewed
by the radiologist (E.D.). The imaging features which
were recorded, included: size, site, margins, attenuation/
intensity/echogenicity/enhancement pattern/avidity based
on the imaging modality, surrounding and internal vascu-
larity, feeders in vicinity, intratumoral fat/necrosis/
calcification, surrounding structural infiltration, distant
metastases, and treatment response.

Definitions
Margins: The mass was categorized to have lobulated or
circumscribed margins when the entire mass could be
delineated with no infiltration or irregularity along the
outline. However, few lobulations could be seen. Infiltrative
margins were noted when there was evident involvement of
surrounding muscles, bones or vessels at the site of irregular
margins.

Enhancement characteristics were classified as intense,
moderate, no or minimally enhancing as compared with
surrounding muscles and vessels.

Internal imaging parameters were assessed on CT as
iso/hypo/hyperdense and signal characteristics on T1WI
and T2WI as equal or iso/hypo/hyperintense as compared
with surrounding muscles—that is, same/low/higher than
muscles, respectively.

Note was made of presence or absence of intratumoral
and peripheral feeder vessels and distant metastases.

PET-CT was evaluated for similar findings as in CT. In
addition, the SUV value and presence of any distant metas-
tases >1 cm in size were also recorded.

Follow up: All the cases were followed up till Febru-
ary 2020 in the outpatient visits by interviews with the
patients themselves or the attendants.

Statistical analysis: The collected data was transformed
into variables, coded and entered in Microsoft Excel. Data
were analyzed and statistically evaluated using SPSS-PC-17
version.

Quantitative data was expressed in ranges and mean
while qualitative data were expressed in percentage.
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Results

A total of 17 patients of ASPS reported to dedicated sarcoma
clinic of our tertiary care center, one was excluded due to
nonavailability of imaging. The age ranged from 3 to 72 years
(mean 29.2�15.2 years) and slight male preponderance
(male: female 5:3).

Of these 16 patients, six patients had only MRI, four had
only CT, one had MRI and PET-CT, one had MRI and CT, two
had only PET-CT, one hadUSG, PET-CT aswell asMRI and one
had USG and MRI.

Size and site: The primary tumor size ranges from 3.6 to
17 cm (mean 8.29 cm).

Most common location was extremities (10/16 cases,
62.5%) with 80% (8/10) occurring in lower extremities. Other
rare sites included were head and neck (2/16, 12.5%) and
chest wall, intrathoracic or intra-abdominal. One patient
presented with metastases from ASPS but without a known
primary.

Histopathology: All the cases showed typical histomor-
phology of alveolar STS in the form of epithelioid appearing
cells arranged in distinct nesting or organoid pattern with
central dyscohesive cells giving appearance of pseudoalveo-
lar pattern (►Fig. 1a). In one of the cases, the tumor was seen
predominantly in nesting and solid pattern. Cells were
generally monomorphic, polygonal shaped with distinct
cytoplasmic boundaries (►Fig. 1b). The nucleus was round
with finely dispersed chromatin with prominent nucleoli in
most of them. Occasional mitotic figures were noted. Dia-
stase treated periodic acid Schiff (PAS) stain highlights
rhomboid-shaped or rod-shaped intracytoplasmic PAS
positive inclusions (►Fig. 1c). All the cases demonstrated
nuclear immunoreactivity on immunohistochemistry (IHC)
for TFE-3.

Imaging: Twopatients had undergonebaseline ultrasound
which revealed a circumscribed lobulated homogeneously
hypoechoic mass showing multiple enlarged tortuous ves-
sels within. Four patients had CECTof the local part and four
patients had PET CT, hence a total of eight CTswere evaluated
for primary tumor.

On CECT, the primary masses had circumscribed lobulat-
ed margins (five of eight patients, 62.5%), showed intense

enhancement on post contrast scans (seven of eight patients,
87.5%) with multiple feeder vessels within and in the pe-
riphery of the tumor (seven of eight patients, 87.5%). None of
the tumor showed necrosis and only one case had the
presence of calcification (►Table 1).

PET CT was available for four patients and the primary
sites and metastatic disease was avid with an SUV of >2.5.

MRI of 10 patients was evaluated. Most of the patients
showed circumscribed lobulated margins (seven-tenths,
70%), iso to intermediate signal on T1WI (six-tenths, 60%)
and hyperintense signal on T2WI (ten-tenths, 100%). Intense
or moderate enhancement was seen on gadolinium-en-
hanced MRI with presence of multiple flow voids in 9 of
10 patients (90%) (►Table 2). The main role of MRI was to
assess the resectability of tumor and 7 of 10 caseswere found
resectable on MRI. Out of these seven, only four patients
could undergo surgery as rest had metastatic disease
otherwise.

Metastatic disease: Fourteen of 16 (87.5%) patients had
presence of metastases at the time of presentation in our
clinic. Most common metastatic site was lung in 13 of 14
patients (92.8%). Two patients with lung metastases under-
went metastatectomy for lung nodules. Next most common
site of metastasis was bones (4/14, 28.6%). Five patients had
metastases to more than one site which included liver
(three), adrenal (one), and brain (two), and lymph nodes
(one).

Follow up: Most of the cases were operated outside
hospitals. Recurrence post-surgery occurred in six of 16
(37.5%) patients; revision surgery was done in one and
surgical excision with positive margins was obtained in
another patient. Medical treatment was given as first line
treatment in seven of 16 patients for locally unresectable
disease, extensive metastases, or unknown primary tumor.

Till last follow-up all 16 patients were alive and had stable
disease.

Discussion

STS are a rare malignancy accounting for 1% of all cancers.
Under the WHO 5th edition of classification of soft tissue
tumors, ASPS is a rare tumor belonging to the malignant

Fig. 1 Histopathology of alveolar soft part sarcoma: (a) Low power picture showing polygonal appearing cells arranged in distinct nesting or
organoid pattern with central dyscohesive cells giving appearance of pseudoalveolar arrangement. (b) Cells are generally monomorphic,
polygonal shaped with distinct cytoplasmic boundaries. The nucleus is round with finely dispersed chromatin with prominent nucleoli in most of
them. Occasional mitotic figures are noted. (c) Diastase treated periodic acid Schiff (PAS) stain highlight rod-shaped intracytoplasmic PAS
positive inclusions.
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group of tumors of uncertain differentiation.3 The common
occurrence in the skeletal muscle raises speculations of
myogenic origin; however, inability to consistently demon-
strate IHC markers for the same raises uncertainty of cell of
origin. This may be attributed to its origin from myxoid
precursors without differentiation.13Histologically, tumor is
known to have a homogenous appearance across the mass
and between different patients. It has a characteristic ap-
pearance of cells arranged in pseudoalveolar or organoid
pattern between fibrovascular septae and delicate vessels. In
addition, there are intracytoplasmic rod-shaped inclusions
which are better highlighted by PAS stain and are diastase
resistant. Ultrastructurally, it shows membrane bound
rhomboid shaped crystals that are composed of periodic
lattice-work of rigid fibrils with dimension of 5 to 7 nm and
periodicity of 10 nm. On IHC, the cells are usually negative for
epithelialmarkers like cytokeratins and EMA, neuralmarkers
like glial fibrillary acidic protein, and neuroendocrine
markers such as synaptophysin. Nuclear reactivity for
MyoD1 is variable.14 In addition, most of the cases showed
nuclear immunoreactivity for TFE-3 immunostain. An un-
balanced translocation t (X; 17) (p11; q25), which creates the
ASPSCR1–TFE3 fusion protein is classically seen in these
cases.7,8 Rarely this translocation may also be found in
some pediatric renal cell carcinomas and periendothelial
epithelioid cell tumors.10 There are reports where histologi-
cally renal cell carcinomasmimicked appearance of ASPS due
to fascicular arrangement of cells in some areas; however,
absence of any renal primary ruled out the diagnosis.10

Endothelial and periepithelial tumors can be distinguished
as these push intact and uninvolved endothelium.7

The common presentation of these tumors is as a slowly
growing painless mass. Due to their highly vascular nature
and feeder vessels, they are often misdiagnosed as arterio-
venous malformations (AVMs). Later, these tumors present
with distant metastasis due to the diagnostic delay as
histopathological examination or surgery is almost never
done in the latter. Pennacchioli et al showed that around 9%
(3/33) of their patients were initially thought to have vascu-

lar malformations on MRI, hence delaying the diagnosis.6

AVMs usually lack any soft tissue component in contrast to
sarcomas; they are hypointense on T1 and T2 and show early
arterial feeders and early venous washout.4,6 Though con-
ventional angiography was not done in any patient in our
study, findings such as arterial feeders with prolonged
staining of the tumor and late washout indicate soft tissue
vascular tumor rather than an AVM.14

Another commonly confused entity with ASPS can be
hemangiomas which are benign vascular tumors. In a review
byViry et al of six childrenwith ASPS, one case of orbital ASPS
was initially suspected to be a hemangioma and embolized.
However, hemangiomas are known to occur in a much
younger age group than ASPS and are usually present since
birth. These show characteristic involution with age and can
often contain a fatty component on imaging. Also, they
enhance in the early arterial phases compared with soft
tissue tumors which enhance later in the late arterial or
early venous phases.4

Small case series or reviews with maximum of 25 cases of
ASPS are present in literature due to the rarity of the
disease.9 Most of the cases of this rare tumor occur in
children and young adults. The age group of the cases in
our study ranged from 3 years to 72 years with the mean age
of 29.25 years of age. The mean age reported in other studies
ranged from 18.5 to 36 years.9,11 These are seen to occur in a
much younger age group than other more common sarcomas
like liposarcoma, GIST, and leiomyosarcoma which peak in
the fifties.

In contrast to available literature,wehadmoremaleswith
ASPS (six females and 10 males); however, due to small
sample size, it would not be correct to say that ASPS has
specific gender predilection. It is postulated that due to the
characteristic translocation involving X chromosome, ASPS
is twice more probable to occur in females.4,9,10

Themostcommonsite ofoccurrence inour studywas found
to be extremities (10 of 16 cases)which is in concordancewith
other authors4,9–11 (►Figs. 2 and 3). Other tumor locations
found in our cohort were retroperitoneum, orbit, chest wall,

Fig. 2 ASPS of shoulder in a 17-year-old male: Sagittal T1 (a), axial (b), coronal (c), and sagittal (d) T1 PC FS MR images of right shoulder shows a
well-defined mass along posterior aspect of shoulder (asterisk) infiltrating the deltoid muscle with no infiltration of neurovascular bundle or
surrounding bones. The mass is hyperintense on T1 (a) as well as T2-weighted sequences and shows significant homogeneous enhancement
(b–d). Multiple flow voids are seen within the mass along with tortuous feeding vessels in vicinity (arrows). ASPS, alveolar soft part sarcoma.
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and scalp. Uncommon sites reported by other authors ranged
from paraspinal location, tongue, larynx, and buccal space.4,13

Head and neck are uncommon sites, however, particularly
frequently encountered in children (►Fig. 4).

Ultrasound is often done as a first-time imaging modal-
ity to evaluate when a patient presents with a soft tissue
swelling which has a wide differential diagnosis ranging
from developmental, inflammatory, traumatic, or neoplas-
tic causes. Based on the clinical history and imaging

appearance it is important to exclude an abscess or hema-
toma. Two of our patients had ultrasound available which
showed a well marginated hypoechoic solid mass with
multiple large vessels. Daly et al evaluated six patients of
ASPS and ultrasound findings revealed a hypoechoic or
mixed echotexture mass with well-defined margins and
hypervascular nature with large vessels. On spectral anal-
ysis, high velocity systolic and diastolic flow was
detected.15 Ultrasound findings are not diagnostic,

Fig. 3 ASPS in an 18-year-oldmale patient: Axial T2 FS (a) and axial T2 (b) MR images reveals presence of a well-definedmass (asterisk) in the posterolateral
aspect of the left calf appearing hyperintense on T2WI. Multiple tortuous vessels are seen in its vicinity (arrows) and within the mass.

Fig. 4 ASPS of orbit in a 3-year-old boy: coronal T2 (a), T1 (b), and T1 PC (c) MRI of orbits show presence of a well-defined mass in the extraconal
compartment of left orbit along the superomedial aspect (asterisk). The mass is hyperintense on T2 (a) as well as T1- (b) weighted sequence and
shows homogeneous intense enhancement (c). No intracranial extension was present. ASPS, alveolar soft part sarcoma.
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however, may raise the suspicion of a soft tissue tumor and
prompt further imaging.

On contrast-enhanced CT and MR of the primary mass,
most of the cases in our study showedwell-defined lobulated
margins. Well circumscribed nature of the tumor could be
attributed to its indolent slow growing nature. Intense
enhancement and feeder vessels were also a commonly
seen feature. Intense enhancement, presence of feeders,
and multiple flow voids were the most consistent findings
across many studies4,9–12,16 (►Figs. 2, 3, 4, and 5). Necrosis
was not seen, and calcification was only seen in one case.
Presence of necrosis is related to tumor size and thus variable
results were found in different case series.2

Metastases is commonat the timeofpresentationwith lung
being themost frequently reported site. This isprobably due to
the high vascularity and early microvascular dissemination of
the tumor.14 Lung was the most common site with 13 of 14
patients harboring metastatic nodules (►Figs. 5 and 6). This
was inkeepingwithfindings reportedbyotherauthors.4Other
sitesofmetastaticdiseasewerebrain, liver, adrenal, and lymph
nodes in our study. Lymphnodes is anunusual site of spread of
sarcomaandangiosarcoma is themost commontype toharbor
nodal metastases (13.5–45%). The same study showed the
incidence of nodal spread in ASPS to be 0 to 12.5%.17 Lymph
nodalmetastasiswasseen inonlyoneof16cases in thepresent
study. Overall metastatic disease reported in other studies

Fig. 5 ASPS of calf with lung metastases in a 29-year-old male patient: plain radiographs AP and lateral views (a) show soft tissue swelling in the
region of calf along posterolateral aspect (asterisk in a) with permeative lytic changes and cortical irregularity in fibula (arrow in a). Subsequently
performed MRI selected images-sagittal T2 FS (b), axial T2 (c) showed mass in the posterior aspect of calf (asterisk in b, c) with tortuous feeding
vessels in the vicinity (thin arrow in b). This mass is infiltrating and eroding fibula (c) and is associated with noncontiguous metastatic lesions in
tibia (thick arrow in b). Axial CT thorax (d) revealed presence of multiple metastatic lesions of variable sizes, diffusely scattered in both lung fields.
ASPS, alveolar soft part sarcoma.

Fig. 6 ASPS in right gluteal region in a 20-year-old girl: Axial (a) and coronal (b) reformatted CT images demonstrate a circumscribed intensely
enhancing homogeneous mass (asterisk) in the right gluteal region with peripheral feeding vessels (arrows in b), infiltrating the gluteal maximus
muscle. A smaller satellite lesion is also seen in its vicinity in the subcutaneous plane (arrowhead in a). Though the mass appears resectable, the
patient could not undergo surgery as she had lung metastases at the time of presentation, as seen on coronal (c) reformatted lung window of
chest (arrows in c). ASPS, alveolar soft part sarcoma.
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ranged from 50 to 65%6,18 as compared with 88% in our study.
This can be attributed to the fact that ours is a referral center
and thus receives patients in advanced stagesmostly. ASPS are
indolent slow growing malignant tumors. In spite of this fact,
they are usually metastatic at presentation.19 Metastatic
lesions may remain stable for years on continued chemother-
apy.20 Pulmonary metastatectomy is the preferred treatment
in the absence of metastases at other sites.21 ►Table 3 sum-
marizes the imaging features of ASPS seen in different studies.

It is important here to discuss the various differential
diagnosis of an avidly enhancing mass with feeder vessels.
The possibility of a hypervascular metastasis from a renal or
thyroid primary should always be kept in mind. Also, angio-
matous tumors like angiosarcoma, hemangiopericytoma
could also have a similar imaging appearance.14 However,
these angiomatous tumors often show blood fluid levels on
MRI which are not described in ASPS.22

Retrospective study design with small sample size of 16
patients due to rare nature of this sarcoma is one of the
limitations of our study. Also, the imaging protocols were not
standardized due to most imaging being done from outside
hospitals and referred to our tertiary care center for review
and further management. The imaging and histopathology
were reviewed by single radiologist and pathologist from
multidisciplinary sarcoma team; thus, interobserver vari-
ability was not evaluated in this study. Also, as the cohort of
cases belonged to a tertiary care center, more patients with
metastatic disease were seen.

In conclusion, ASPS is a rare STS seen in children and
young adults having an indolent course. It should be sus-
pected in cases showing an intensely enhancing intramus-
cular mass with feeder vessels. Imaging may mimic a
vascular malformation or tumor due to large number of
feeders. Misdiagnosis at an early stage may lead to later
metastatic presentation of the disease.
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