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Abstract

Objectives To investigate the imaging features of alveolar soft-part sarcomas (ASPS) on pre-treatment MRI in order to identify

relevant criteria to distinguish ASPS from other soft-tissue tumors.

Methods A series of 25 patients (mean age, 18.5 years old) with histologically proven ASPS from five French comprehensive

cancer centers was compared to a control cohort of 292 patients with various histologically proven benign and malignant soft-

tissue tumors representative of the 10-year long activity of one center. All had a baseline MRI with contrast-agent administration.

Two radiologists independently reviewed the MRIs. Features assessing location, size, signal, architecture, periphery, and vascu-

larization were reported. Their association with the histological diagnosis of ASPS was evaluated with chi-square or Fisher’s test.

Their prevalence, sensitivity, specificity, odds ratio, and reproducibility were calculated.

Results Eight MRI features were significantly associated with ASPS: deep location (p <0.001), high signal intensities on T1-

weighted imaging (p < 0.001), central area of necrosis (p = 0.001), absence of fibrotic component (p = 0.003), infiltrative growth

pattern (p =0.003), absence of tail sign (p =0.001), presence of intra- and peritumoral flow-voids (p <0.001), and number of

flow-voids > 5 (p < 0.001). Twenty out of the 25 (80%) ASPS showed at least 7 of these 8 features compared to only four out of

292 (1.4%) tumors of the control cohort (1 benign vascular tumor, 1 solitary fibrous tumor, 2 high-grade soft-tissue sarcomas).

The five ASPS with less than 7 out of 8 features measured less than 40 mm.

Conclusion The striking histological uniformity of ASPS translates into imaging. However, ASPS may be misdiagnosed as

benign tumors or pseudo-tumors, notably intramuscular benign vascular tumors or vascular malformations.

Key Points

* ASPS are rare aggressive mesenchymal tumors displaying recurrent MRI features highly reminiscent of the diagnosis.

* Deep-seated tumors presenting with mainly high signal intensity on T1-weighted imaging, an absence of fibrotic component, ill-
defined margins without aponeurotic extension, and more than five central and peripheral flow-voids are very likely to be ASPS.

* ASPS may be misdiagnosed as intramuscular benign vascular tumor or vascular malformation, which occur in the same age group.

Keywords Magnetic resonance imaging - Neoplasms, connective and soft tissue - Sarcoma - Sarcoma, alveolar soft part -
Hemangioma, intramuscular
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Abbreviations

ASPS Alveolar soft-part sarcoma
CI95% 95% confidence interval
FNCLCC French Federation of Cancer Centers

Sarcoma Group
ICC Interclass correlation coefficient

ISSVA International Society for the Study
of Vascular Anomalies
OR Odds ratio
PACS Picture archiving and communication system
SFT Solitary fibrous tumor
STS Soft-tissue sarcoma
WI Weighted imaging
K Cohen’s kappa
KW Weighted kappa
Introduction

Alveolar soft-part sarcoma (ASPS) is a rare mesenchymal
tumor that represents 0.4—1% of all soft-tissue sarcomas
(STS) [1]. ASPS mostly occurs in young adults, and about
one third of cases affect children and adolescents [2]. It was
first described in 1952 by Christopherson who noticed the
striking uniformity from one area of the tumor to another
and from one tumor to another [3]. Indeed, ASPS demon-
strates a pseudoalveolar pattern made of uniform and repeated
nests of large granular cells delineated by fibrous septa con-
taining vascular channels [1]. Thereafter, cytogenetical analy-
ses identified a recurrent translocation responsible for the for-
mation of a chimeric transcription factor (ASPL-TFE3) lead-
ing to the upregulation of pro-angiogenic transcripts [4].
These pseudoalveolar patterns and pronounced angiogenesis
translate into imaging, especially MRI, through a lobular ar-
chitecture, high signal intensities (SI) on T1-weighted imag-
ing (-WI), which may be due to the abundance of capillary
vascularization and blood stagnation within sinusoidal vascu-
lar channels and large feeding vessels and flow-voids [5-13].

ASPS can remain clinically indolent for a long-time al-
though half of the patients have metastatic diseases at diagno-
sis. Distant metastases mainly occur in the lung, but locations
in the bone, brain, and liver are observed as well [14, 15]. This
high propensity for hematogenous metastases has been related
to their abundant neovascularization and to their ability to
form intravascular endothelial-wrapped clusters of tumor cells
released in the circulation [1, 16, 17].

Radiological literature on ASPS is relatively scarce, includ-
ing small series and reports of patients, some being
misdiagnosed as hemangioma or arterio-venous malformations
[5, 13]. In addition, solitary fibrous tumors, desmoid tumors,
schwannoma, or certain STS can also present with imaging
features linked to ASPS, especially abnormal intra- and
peritumoral vascularity [18-22]. Therefore, the aims of this

study were to investigate the imaging features on pre-treatment
MRI that could help to distinguish ASPS from other soft-tissue
masses and to find clues to avoid misdiagnosis especially with
benign tumors that may not be systematically biopsied.

Materials and methods
Study design

This retrospective case-control study was approved by the institu-
tional review board, and informed consent was waived. The pop-
ulation study was made of two cohorts: ASPS patients (cases) and
patients with non-ASPS soft-tissue masses (control cohort).
Patients with ASPS were retrieved through the
CONTICABASE (Connective Tissue in Cancer Network), a
European sarcoma database and tumor bank comprising a sec-
ond opinion of an expert sarcoma pathologist from 1997 to 2018
[23]. Due to the rarity of ASPS, patients came from five French
comprehensive cancer centers: Institut Curie, Institut Gustave
Roussy, Centre Léon Bérard, Centre Oscar Lambret, and
Institut Bergonié. Patients of the control cohort came from
Institut Bergonié, a French sarcoma reference center. Included
in the cohort were patients referred to the center for the initial
diagnostic management of a soft-tissue mass of the trunk and
extremities between January 2008 and January 2018 with avail-
able histological diagnosis, available pre-treatment MRI with an
acceptable protocol defined as including at least one T2-WI, one
pre-contrast T1-WI, one T1-WI with fat suppression after
gadolinium-chelates injection (FS-Gd-T1-WI), and at least two
orthogonal acquisition plans. Recurring tumors, visceral tumors,
and well-differentiated liposarcomas were excluded. In total, the
control cohort included 292 tumors. Of these, 10 were solitary
fibrous tumors (6 malignant and 4 of intermediate malignancy),
23 were benign vascular lesions (i.e., benign vascular tumors or
vascular malformations according to the International Society
for the Study of Vascular Anomalies, ISSVA), 176 were non-
ASPS STS (including 24 grade 1, 50 grade 11, and 102 grade III;
details for histotypes are given in Supplementary Table 1), 33
were desmoid tumors, 18 were myxomas, and 32 were benign
peripheral nerve sheath tumors (including 27 schwannomas).
The following epidemiological details were retrieved from the
medical files: age, gender, histotypes, grade according to the
French Federation of Cancer Centers Sarcoma Group
(FNCLCC) grading system (when applicable), and location [24].

MRI acquisition

Examinations were carried out on 1.5-Tesla magnets from
different radiological centers. T2-WI, T1-WI, FS-Gd-T1-WI,
and at least two orthogonal acquisition plans were available
for all patients. Section thickness ranged from 3 to 5 mm.
Coils, field-of-view, and matrix were adapted to tumor size
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and location. Ranges of repetition time/echo time were 500—
700/10-15 msec for T1-WI and 2400-4500/100-130 msec
for T2-WI. Different fat suppression techniques were accepted
for FS-Gd-T1-WI: fat saturation, inversion-recovery imaging,
opposed-phase imaging, and subtraction between post-
contrast and pre-contrast T1-WL.

MRI analysis

All MRI were anonymized and double-blindedly reviewed on
a Picture Archiving and Communication System (PACS)
(Enterprise Imaging v8.1.2, AGFA) by two radiologists (a
senior radiologist and a fellow with 2 years of experience in
MRI including 6 months in a sarcoma reference center) to
assess inter-observer reproducibility. A final consensus read-
ing was made 2 months after the first readings and used for the
statistical analysis.

The radiologists noted tumor depth regarding the superfi-
cial fascia and measured the longest diameter. Features
depicting tumor MR signal and architecture were collected
including main SI on T1-WI and T2-WI (defined as low, iso,
or high, as compared to muscle), presence of a lobular archi-
tecture, presence of a fibrotic component (defined as low SI on
T2-WI, low SI on T1-WI, and possible subtle enhancement on
FS-Gd-T1-WI), presence of a necrotic central scar (defined as
a central irregular area with variable SI on T1-WI depending
on occurrence of tumor bleeding, high SI on T2-WI, no en-
hancement on FS-Gd-T1-WI), and presence of a fatty compo-
nent (defined as high SI on T1-WI, high SI on T2-WI, low SI
on FS-Gd-T1-WI). In case of doubt about SI on T1-WI and
T2-WI, two regions of interest > 1cm? were drawn on the non-
necrotic non-hemorrhagic area of the tumor and on healthy
muscles; high SI was defined as Slimor/Shnuscte > 1-1.

Regarding tumor periphery, following features were report-
ed: MRI growth pattern on the whole tumor circumference on
T2-WI and FS-Gd-T1-WI (defined as “pushing-type” when the
tumor was entirely well defined, “focal-type” and “diffuse type”
when irregular borders and infiltration of surrounding tissue
represented < 25% and >25% of tumor circumference, respec-
tively [25]); presence of peritumoral edema (defined as bright SI
on T2-WI beyond apparent tumor borders or pseudocapsule,
without mass effect or modification of the surrounding anatomy,
qualified as absent, limited, or extensive when spreading in an
entire muscular compartment); presence of a peritumoral en-
hancement (defined as contrast enhancement within surround-
ing tissues, beyond apparent tumor borders or pseudocapsule,
without mass effect or modification of the surrounding anatomy
on FS-Gd-T1-WI); and presence of a bone invasion (defined as
SI anomalies located in bone cortex and/or medulla contiguous
to the tumor) or a vessel and/or nerve invasion (defined as vessel
occlusion or neurovascular encasement, i.e., contact between
tumor and vessel/nerve > 180°) [26].
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Flow-voids were defined as serpiginous or linear structures
with low SI on T1-WI and T2-WI possibly in communication
with feeder vessels. When flow-voids were present, the radi-
ologists reported their distribution (defined as strictly
intratumoral, strictly peritumoral, peritumoral, and
intratumoral), their count (< 5 vs. > 5), and their longest diam-
eter. Peritumoral flow-void was defined as directly adjacent to
the tumor, beyond the apparent tumor margins or pseudocap-
sule of the tumors. Intratumoral flow-void was defined as
located within the tumor.

Statistical analysis

The prevalence, sensitivity, and specificity of categorical MRI
features were calculated. Their association with histotype was
tested using chi-square or Fisher’s test as appropriate.
Univariate odds ratio (OR) with 95% confidence interval
(CI95%) was calculated. Continuous variables were compared
using the Wilcoxon or Student test depending on the Shapiro-
Wilk normality test. Inter-observer agreements were assessed
using the interclass correlation coefficient with two-way
mixed model (ICC) and Cohen’s kappa (k) and weighted kap-
pa (kw) for continuous, dichotomized, and ordinal variables,
respectively. The agreement for ICC was defined as good
(> 0.75), moderate (0.5-0.75), or poor (< 0.5). The agreement
for k and kw was defined as slight (0-0.20), fair (0.21-0.40),
moderate (0.41-0.60), substantial (0.61-0.80), and almost
perfect (0.81-0.99) [27]. All tests were two-tailed. Statistical
analyses were done using the SPSS statistical package (ver-
sion 21.0, IBM). A p value < 0.05 was deemed significant.

Results
Population

Table 1 shows the epidemiological data of the study popula-
tion. Twenty-five ASPS patients were included (16/25 wom-
en, 64%). Median age was 18.5 years old (range, 7-53). Mean
age of ASPS patients was significantly lower than in the con-
trol cohort (p < 0.0001). Most tumors were located in the low-
er limb (20/25, 85%). Nineteen were intramuscular, 1 was
intermuscular, and 5 were inter- and intramuscular.

Table 2 summarizes the characteristics of the cohort of
patients with ASPS. The first symptom was a swelling in 19
patients, which was painful in 7 cases. The median delay from
the first symptom to the histological diagnosis was 5 months
(range, 1-15). Fourteen patients (14/25, 56%) had metastases
at diagnosis, which were located in the lung (n = 13) and brain
(n=1). In total, 8 patients had a metastatic relapse after initial
treatment, which was located in the brain (n =4), bone (n=2),
lung (n = 6), and liver (n = 1). Five patients died of the disease,
and seven are currently in complete remission.
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Table 1 Clinical data of the control cohort and the cohort of patients with alveolar soft-part sarcoma
Characteristics ASPS Control group
All SFT Benign vascular lesions  STS Desmoid tumors  Myxoma BPNST
(n=25) (n=292) (n=10) (n=23) (n=176) (n=33) (n=18) (n=32)
Age 18.5(7-53)  58(13-92) 63.5(35-72) 37 (16-69) 62.5 (15-92) 33 (18-76) 59.5(36-82) 57 (16-85)
Gender
Male 9 (36) 142 (48.6) 2 (20) 11 (47.8) 105 (59.7) 7(21.2) 5(27.8) 12 (37.5)
Female 16(64) 150 (78.1) 8 (80) 12 (52.2) 71 (40.3) 26 (78.8) 13(72.2) 20 (62.5)
Location
Upper limb 2(8) 34 (11.6) 1(10) 521.7) 19 (10.8) 309.1) 0 (0) 6 (18.8)
Shoulder girdle 14 19 (6.5) 1 (10) 2(8.7) 13 (7.4) 2(6.1) 0 (0) 13.1)
Trunk wall 1(4) 55 (18.8) 3(30) 6 (26.1) 21 (11.9) 22 (66.7) 0 (0) 39.4)
Pelvic girdle 0 (0) 23 (7.9) 2 (20) 2(8.7) 8 (4.5) 309.1) 3(16.7) 5(15.6)
Lower limb 20 (80) 160 (54.8) 3(30) 7 (30.4) 115 (65.3) 309.1) 15(83.3) 17 (53.1)
Other 1(4) 1(0.3) 0 (0) 1(4.3) 0(0) 0(0) 0 (0) 2(6.2)

Data are number of patients with percentage in parentheses, except for age given as median with range in parentheses

ASPS alveolar soft-part sarcoma, BPNST benign peripheral nerve sheath tumor, SFT solitary fibrous tumor, S7S soft-tissue sarcoma

Associations between MRI features and ASPS

Compared to the control cohort, several MRI features were
associated with ASPS (Table 3). The depth of ASPS was
statistically different (p <0.001), all being strictly deep-
seated. Their mean size was 66+ 30 mm, which was sig-
nificantly lower than in the control cohort (80 £53 mm, p =
0.045). Main SI on T1-WI was higher than in the control
group (p<0.001). A fibrotic component was never seen
(p=0.002). MRI growth pattern of ASPS was always at
least focal infiltrative, which was more frequent than for
the control group (p=0.003). The tail sign was never ob-
served (p=0.001). Regarding tumor vascularization, flow-
voids were more numerous (p <0.001) with a larger diam-
eter (p <0.001). The flow-voids distribution was statistically
different (p <0.001), being always intra- and peritumoral in
ASPS. Only one ASPS of 30 mm did not demonstrate
flow-void.

A fatty component was never seen in ASPS but it did not
reach significance (p = 0.089). Lobular architecture was more
frequently seen in ASPS without reaching significance (p =
0.078). When present, surrounding edema was always limited
and circumscribed to lower and upper poles to the tumors.
Figure 1 shows the typical aspect of ASPS on MRI with
radiological-pathological correlation.

Table 4 shows the sensitivity, specificity, and odds ratio
of the MRI features associated with ASPS. Strictly deep-
seated location, intra- and peritumoral flow-voids, and a
flow-void count >5 demonstrated sensitivity and specificity
above 90%.

The MRI features demonstrated at least substantial agree-
ments except for presence of a fibrotic component, central
necrotic scar, and lobular architecture, which were moderately
reproducible (Table 5).

Uniformity of ASPS presentation on MRI

All the ASPS of the series exhibited at least 5 of the 8 MRI
features associated with this histotype whereas only 14%
(41/292) of tumors from the control group did. Only ASPS
gathered the 8 MRI features together (7/25, 28%) while
none from the control group did. Twenty (20/25, 80%)
ASPS demonstrated at least 7 of these 8 MRI features
whereas only 4 (4/292, 1.4%) from the control group did.
These 4 tumors corresponded to 2 high-grade STS (1
leiomyosarcoma and 1 undifferentiated pleomorphic sarcoma),
1 SFT, and 1 benign vascular lesion (Fig. 2). Conversely, the 5
ASPS with less than 7 of the 8 features all measured less than
40 mm. They did not exhibit necrotic central scar and flow-
voids were less developed (Fig. 3).

Because ASPS may be misdiagnosed as benign vascular
lesions, we conducted a sub-group analysis and compared
the frequencies of each MRI feature. When compared to
benign vascular lesions, ASPS from our series occurred in
younger patients (p=0.002). Seven MRI features were as-
sociated with ASPS: high SI on T1-WI (» <0.001), no fatty
component (p=0.002), presence of central necrotic scar
(p=0.001), presence of a limited edema (p =0.007), and
distribution of flow-voids (benign vascular lesions having a
higher proportion of strictly intratumoral vessels, p <0.001)
and count (»p <0.001). When present, the diameter of flow-
void was also lower in benign vascular lesions (p =0.002)
(Supplementary Table 2).

Discussion

Studies about the radiological patterns of ASPS mainly
consisted in case reports or small series of patients, which
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Fig. 1 Typical alveolar soft-part sarcoma—radio-pathological correla-
tion. a Coronal T2-weighted imaging demonstrated a deep-seated tumor
within the right quadriceps femoris with synchronous femoral bone me-
tastases (dashed arrows). b On sagittal T1-weighted imaging, the tumor
showed high signal intensity compared to the muscle with intra- and
peritumoral abnormal vessels (white arrow and white arrowhead, respec-
tively) at its upper and lower poles with low signal intensity, also on
sagittal T2-weighted imaging (c) and on sagittal fat-sat T1-weighted im-
aging after Gadolinium-chelates injection (d). Axial fat saturated T1-

enabled the identification of recurrent imaging features and
differential diagnoses among pseudo-tumors and benign or ma-
lignant soft-tissue tumors. We report herein the largest series of
ASPS with their initial MRI, all with a contrast-agent adminis-
tration prior to treatment. Furthermore, we systematically com-
pared the distribution of classical radiological features of ASPS
with those of a control cohort to test their diagnostic value.
Altogether, our results identified 8 features associated with

weighted imaging after Gadolinium-chelates injection (e) shows a central
area without enhancement corresponding to the necrotic central scar
(white arrow) and one of the bone metastases (dashed arrow). f
Hematoxylin and Eosin stained slices shows the typical pseudoalveolar
organization of large eosinophilic cells separated by fibrovascular thin
septa with abundant capillaries. g¢ Immunohistochemistry showing nucle-
ar positivity for TFE3 due to the abnormal expression of the ASPL-TFE3
fusion protein

ASPS: a strictly deep situation, high SI on T1-WI, an area of
central necrosis, the absence of fibrotic component, an infiltra-
tive growth pattern, the presence of intra- and peritumoral flow-
voids, with more than 5 flow-voids, and the absence of tail sign.
All the large ASPS (>40 mm) shared at least 7 of these 8
radiological characteristics, illustrating the uniformity of their
phenotype. On the contrary, smaller ASPS may not demon-
strate central necrosis or flow-voids, thus running the risk of

Table 4 Sensitivity, specificity,

and odds ratio of the MRI features Characteristics Sensitivity Specificity OR p value

associated with alveolar soft-part

sarcoma Strictly deep-seated 100 (86.7-100) 90.8 (86.9-93.6) +00 (=) <0.001
High main SI on T1-WI 80 (60.9-91.1) 78.6 (73.5-83) 14.7 (5.3-40.7) <0.001
No fibrotic area 100 (85.7-100) 26 (21.3-31.4) +00 (=) 0.005
Area of central necrosis 41.7 24.5-61.2) 87.3 (83-90.7) 49 (2.0-11.9) 0.001
Focal or diffuse infiltrative 100 (86.7-100) 32(27.2-37.9) +00 (=) 0.001

growth pattern

No tail sign 100 (86.7-100) 27.1 (22.3-32.6) +00 (—5—) 0.004
Intra and peripheral flow-voids 96 (80.5-99.3) 91.1 (87.3-93.9) 245 (32-1889) <0.001
Flow-void number >5 92 (75-97.8) 90.8 (86.7-93.6) 112.9 (25-505) <0.001

Sensitivity, specificity, and odds ratio are given as percentages with 95% confidence intervals. OR odds ratio, ST
signal intensity, W/ weighted-imaging. The p value corresponds to the p value of the Fisher’s test (after dichot-
omization in case of ordinal or categorical variables with more than two outcomes)
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Table 5 Inter-observer agreement of the MRI features

Characteristics

Inter-observer agreement

Longest diameter®
Depth®

Main signal on T1-WI°
Main signal on T2-WI°
Fatty componentb
Hemorrhagic component”
Fibrotic component”
Necrotic central scar”
Lobular architecture”
Growth pattern®

Peritumoral edema®

0.979 (0.972-0.983)
0.844 (0.770-0.918)
0.620 (0.528-0.712)
0.864 (0.819-0.909)
0.651 (0.498-0.804)
0.694 (0.594-0.794)
0.465 (0.308-0.622)
0.468 (0.319-0.617)
0.541 (0.421-0.661)
0.666 (0.566-0.766)
0.665 (0.600-0.730)

Peritumoral enhancement” 0.600 (0.494-0.706)
Tail sign® 0.697 (0.589-0.805)
Bone, vessel, or nerve invasion® 0.710 (0.604-0.816)

Flow-void—distribution®

Flow-void—maximal diameter”

0.631 (0.529-0.733)
0.801 (0.751-0.843)

Flow-void—number® 0.850 (0.764-0.936)

The following statistical tests were used: *ICC, ®kappa, and ® weighted
kappa. WI weighted imaging

being confused with benign tumors. Moreover, age can be a
helpful factor to take into account in the differential diagnosis as
most ASPS occur in adolescent and young adult.

The clinical and radiological findings of our series are in
agreement with previously reported features of ASPS. Most
tumors presented with deep-seated masses. Median age was
18.5 years old, while it ranged from 15.5 to 36 years old in other
series. Patients were predominantly women. None of the previ-
ous radiological studies found superficial ASPS. Interestingly, a
myogenic differentiation has been hypothesized for ASPS,
which may explain this recurrent deep intramuscular situation
[28-31]. More than half of the patients of our series had metas-
tasis at diagnosis, which is more than usual (20-30%) although
Li et al found similar statistics [10, 14, 15, 32, 33]. In our series,
20% of patients presented with brain metastases at diagnosis or
during follow-up, which is uncommon for sarcomas and ques-
tions systematic brain CT scan or MRI for follow-up. Metastatic
onset is a major prognostic factor for ASPS [14].

Almost all ASPS of our series had an abnormal vasculature in
keeping with the translocation-induced angiogenesis displayed
by these tumors [34-36]. ASPS had a higher number of flow-
voids of a longer diameter as compared to other soft-tissue tu-
mors, with both intra- and peritumoral vessels. Flow-voids were
also seen in several SFT, benign vascular lesions, some STS,
and desmoid tumors. None were noticed in BPNST and myxo-
ma except for one patient although Kato and al reported cases of
BPNST with flow-voids [18]. In comparison, McCarville and
colleagues found flow-voids in all ASPS, which were mostly
located in the upper and lower poles when peritumoral. They

@ Springer

reported the occurrence of thrombosis of these large vessels;
however, we did not observe this event [11].

Regarding their periphery, ASPS from our series all dem-
onstrated at least a focal-type infiltrative growth pattern, but
they never exhibited aponeurotic spreading. Previous studies
also stressed the ill-defined margins, micro-infiltrative mar-
gins of ASPS, without capsule. Lobulated contours were also
frequently observed, in agreement with McCarville et al, but
this feature was not discriminant when compared to the con-
trol cohort and to the benign vascular tumors in our study [11].

From a practical point of view, all patients with an undeter-
mined deep sofi-tissue mass should undergo ultrasounds and
MRI and be referred to a sarcoma reference center for biopsy
and appropriate management [37]. Nonetheless, we identified a
risk of confusion between benign intramuscular vascular lesions
and ASPS. Both histotypes can occur in young patients and are
mostly deep-seated in the lower limb with possible small flow-
voids, lobular architecture, irregular borders, and lack of central
area of necrosis. Hence, when faced with a possible small intra-
muscular benign vascular tumor or vascular malformation,
recommending a simple clinical and radiological follow-up in-
stead of a biopsy may be risky. To avoid this, it could be useful
look for a fatty component, which was never seen in ASPS but
in 63.2% of intramuscular hemangioma and ask for a computed
tomography to investigate the presence of calcification or
phleboliths, which are common in intramuscular hemangioma
[38]. It should be noted that these studies regarding intramuscu-
lar hemangioma used the WHO classification of soft-tissue tu-
mors instead of the ISSVA classification, which is at risk of
confusion with intramuscular benign vascular tumors or intra-
muscular vascular malformations [1, 39]. Moreover, the system-
atic biopsy of suspected intramuscular benign vascular tumor or
vascular malformation could be questioned.

SFT of extremities and trunk wall could also be mistaken for
ASPS, as they can present with intra and peritumoral vessels,
lobular architecture, irregular margins, iso- to high SI on T1-
WI, necrosis, and deep situation [21, 40, 41]. To help discrim-
inating SFT from ASPS, it should be noted that SFT classically
shows variables SI on T2-WI with a “black-and-white-mixed”
pattern [42] and are rarely intramuscular. Conversely, a fibrous
component was never seen in ASPS from our series and never
reported in any radiological series about ASPS.

Two STS (one undifferentiated pleomorphic sarcoma and
one leiomyosarcoma) shared all the MRI features associated
with ASPS, but they occurred in older patients (> 60 years old
here). Twenty-two patients with STS demonstrated flow-
voids. Most were high-grade STS and the associations be-
tween occurrence of an abnormal vasculature, overexpression
of pro-angiogenic factors, and occurrence of metastasis in
non-ASPS STS could be questioned.

We decided to maintain the distinction between intra- and
peritumoral flow-voids among the MRI criteria in order to
describe as exhaustively as rationally possible the tumors of
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Fig. 2 Soft-tissue tumors sharing the MRI features associated with
alveolar soft-part sarcoma. These tumors all demonstrated a deep loca-
tion, focal infiltrative growth pattern without tail sign, high SI on T1-
weighted imaging, more than 5 intra- and peritumoral flow-voids (white
arrows), and no fibrotic area, with eventual necrotic central scar (white
arrow heads). a Deep-seated undifferentiated pleomorphic sarcoma of the
quadriceps femoris. (1: coronal T1-weighted imaging, 2: coronal STIR
T2-weighted imaging, 3: sagittal T2-weighted imaging, and 4: axial fat-

our series. These findings have been frequently reported in
previous studies regarding ASPS, but their diagnostic value
was not investigated. The distinction between intra- and
peritumoral flow-voids in several histotypes provided original
insights regarding the vascularization of soft-tissue tumors. In
our series, flow-voids in ASPS, desmoid tumors, or benign
vascular lesions were never strictly peritumoral. Only STS
and SFT showed strictly peripheral flow-voids. In the same
way, strictly intratumoral flow-voids were only seen in benign
vascular lesions, STS, desmoid tumors, and in one myxoma.

This retrospective series is limited by the heterogeneity of
MRI protocols as MRI data were secondarily referred to our

sat T1-weighted imaging after gadolinium-chelates injection). b Deep-
seated solitary fibrous tumor of the left ischio-femoral space (1: coronal
T1-weighted imaging, 2: axial T2-weighted imaging at the lower pole of
the tumor, 3: axial T2-weighted imaging, and 4: axial fat-sat T1-weighted
imaging after gadolinium-chelates injection). ¢ Deep-seated intramuscu-
lar hemangioma of the left masseter muscle (1: axial T1-weigted imaging,
2: axial T2-weighted imaging, 3: axial, and 4: coronal fat-sat T1-weighted
imaging after gadolinium-chelates injection)

tertiary care reference center. Fat suppression was not mandatory
for T1-WI sequences; some MRI did not include pre-contrast
fat-suppressed T1-WI. Furthermore, the fat suppression tech-
nique for FS-Gd-T1-WI sequences was not standardized, which
may have complicated the signal interpretation of fatty compo-
nent. The fatty component was identified as high SI on T1-WI,
high SI on T2-WI, and no enhancement on FS-Gd-T1-WL
Consequently, we applied a simple qualitative or semi-
quantitative analysis grid. None of the ASPS demonstrated a
fibrotic component on MRI, which was defined as low SI on
T2-WI and T1-WI; however, it should be noted that calcification
and hemosiderin can also demonstrate these findings on MRI.
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Fig. 3 Small alveolar soft-part sarcoma. a Axial STIR T2-weighted im-
aging showed a 2-cm large deep-seated tumor of the right quadriceps
femori with heterogeneous high signal intensity on T2-weighted imaging.
On axial T1-weighted imaging (b), the tumor demonstrated high signal
intensity. On coronal (¢) and axial fat-sat (d) T1-weighted imaging after
gadolinium-chelates injection, small and thin vessels (white arrow heads)
were seen around the tumor. The margins of the tumors are irregular with
focal infiltrative growth pattern

Quantitative imaging features extracted from diffusion-weighted
imaging or dynamic contrast-enhanced MRI may have helped to
improve characterization of ASPS, but they were almost never
performed. Moreover, our study is a case-control study. If this
design is well adapted for rare disease, such as ASPS, this is at
risk of selection bias. The proportions of tumors demonstrating
the MRI features in the ASPS cohort and the control cohort may
not perfectly represent the proportions in the general population.
To limit the selection bias, we built the largest possible cohort of
ASPS patients with an available initial contrast-enhanced MRI
from five large comprehensive cancer centers of our country. In
addition, we built a control cohort of soft-tissue masses of ex-
tremities and trunk walls with available contrast-enhanced MRI,
based on the 10-year long activity (i.e., since the installation of a
PACS) of one of the three French sarcoma reference centers.
With 292 MRIs, this control cohort is here again one of the
largest, even if some histotypes were not represented. Indeed,
we excluded well-differentiated liposarcoma for which the real
diagnostic challenge is the distinction from lipoma. Our control
cohort did not include neither the imaging of angiosarcoma or
dermatofibrosarcoma (as the patients mostly presented with su-
perficial lesions which rarely require an MRI) nor the imaging of
some benign histotypes [43, 44]. Actually, most of these benign
histotypes do not share the MRI features reported in ASPS;
hence, we believe that their inclusion in the control cohort would
have rather led to increasing the sensitivity and specificity of the

@ Springer

MRI features associated with ASPS. On the other hand, we
included all the most common histotypes of soft-tissue tumors
and histotypes that were quoted as potential differential diagno-
sis of ASPS. Systematic radiological-histopathological correla-
tions were not performed to confirm the MRI findings, notably
regarding the tumor vascularization. However, all the histologi-
cal diagnoses were confirmed by expert pathologists from sar-
coma reference centers.

Finally, it should be kept in mind that a soft-tissue mass with
abnormal vasculature and contrast uptake may be a metastasis of
a hypervascular tumor such as renal cell or thyroid carcinoma.

To conclude, our study put in perspective the MRI features of
a large series of ASPS with those of a control cohort that included
several of their differential diagnoses. Age should also be care-
fully considered when establishing the diagnostic hypotheses of a
vascularized soft-tissue mass. Even if these defining MRI fea-
tures are specific, small ASPS may be misdiagnosed.
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