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Abstract: Atypical spindle cell/pleomorphic lipomatous tumor (ASPLT) is a newly classified benign
lipomatous neoplasm characterized by diverse histological features, leading to broad differential diagnoses.
This study evaluated the magnetic resonance imaging (MRI) features of ASPLT to identify markers for
distinguishing them from other soft tissue tumors. Nineteen patients with histologically confirmed ASPLT
across multiple institutions were retrospectively evaluated. MRI features, including tumor margins, capsules,
septa, fat content, hyperintense areas on T2-weighted imaging (T2WI), edema, and contrast enhancement
were assessed by two experienced radiologists. Interobserver agreement was evaluated using Cohen’s kappa
coefficient. Fourteen men and five women [median age: 70 years; interquartile range (IQR), 62.5-74.5 years]
were included, with common tumor sites including the femoral (seven) and thoracic dorsal (three) regions.
The median lesion size was 90.0 mm (IQR, 48.5-135.7 mm). MRI revealed well-defined margins in 42.1%
of patients, capsules in 89.5%, septa in 100%, and varied fat content. T2WI high-signal areas appeared
in 94.7% of tumors. Contrast enhancement occurred in 93.8% of tumors, with 93.8% and 75% showing
enhancement in fat-suppressed T2WT high- and low-signal areas, respectively. The interobserver agreement
for key features ranged between moderate and good, with « values of 0.42 for enhancement area [95%
confidence interval (CI): 0.13-0.71], 0.57 for capsule presence (95% CI: 0.15-0.98), 0.60 for hyperintense
areas on T2WI (95% CI: 0.35-0.85), and 0.64-0.89 for other features. Although x=0.42 was classified as
moderate, the wide confidence interval indicated variability in agreement. This study analyzed ASPLT
imaging features, highlighting trends in fat and nonfatty components. ASPLT typically shows low-fat content
on T1WI, T2WT high-signal areas, and varying degrees of contrast enhancement. Differential diagnoses
included spindle cell lipoma, atypical lipomatous tumor/well-differentiated liposarcoma, dedifferentiated
liposarcoma, and myxoid liposarcoma. Although pathological diagnosis remains crucial, recognizing imaging

differences may enhance early diagnosis and treatment.
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Introduction

Atypical spindle cell/pleomorphic lipomatous tumors
(ASPLY) are benign lipomatous neoplasms newly added to
the fifth edition [2020] of the World Health Organization
classification (1). They predominantly occur in middle-aged
to older men and are commonly found in the extremities;
however, their occurrence throughout the body has also
been reported (2,3). Most cases arise in subcutaneous
tissues, whereas deep-seated occurrences are less common
2,3).

Histopathologically, ASPLT is characterized by an
indistinct tumor border and the presence of a variable
proportion of mild-to-moderate atypical spindle cells,
adipocytes, lipoblasts, pleomorphic multinucleated cells,
and myxoid or collagenous extracellular matrix (2-4).
Owing to these diverse histological features, the differential
diagnosis of ASPLT is broad and encompasses adipocytic,
myxoid, fibrous, and neurogenic tumors (2).

The utility of magnetic resonance imaging (MRI) in
diagnosing soft tissue tumors, particularly adipocytic
tumors, is well established (5). For instance, the diagnostic
rate of lipomas is approximately 100% (5). However, for
tumors with inconsistent fat contents, such as spindle cell
lipoma (SPL), atypical lipomatous tumor/well-differentiated
liposarcoma (ALT/WDL), myxoid liposarcoma (MLS),
and dedifferentiated liposarcoma (DDLPS), differential
diagnosis is often challenging. Several case reports on
ASPLT have noted that SPL, ALT/WDL, MLS, and
DDLPS are key imaging-based differential diagnoses (6).

Although clinical features, such as tumor location and
site, as well as pathological evaluation, are useful for tumor
classification (2-4,6), studies comprehensively analyzing
the imaging features of multiple ASPLT cases to identify
distinctive diagnostic characteristics remain limited.

The objective of this study was to retrospectively analyze
the MRI findings in patients histologically diagnosed with
ASPLT, with a focus on identifying trends in fat content
distribution and clarifying the characteristics of nonfatty
components. Based on this analysis, we aimed to provide
key insights that could aid in ASPLT imaging-based

diagnosis.

© AME Publishing Company.

Methods
Patient selection and ethical considerations

Nineteen patients who underwent surgery or biopsy at
the hospitals of the University of Yamanashi, Shinshu
University, Saitama Medical University International
Medical Center, Hamamatsu University School of
Medicine, and Cancer Institute Hospital of the Japanese
Foundation for Cancer Research, Ehime University were
included (Table 1). This study was approved by the Ethics
Committee of University of Yamanashi (No. CS0019), and
all other participating institutions were informed and agreed
with the study. The study adhered to the provisions of the
Declaration of Helsinki and its subsequent amendments.
Individual consent for this retrospective analysis was waived,
yet an opt-out consent procedures were made available
through each hospital’s website. The electronic medical
records of each hospital were searched for patients with
histopathologically proven ASPLT between April 2017 and
December 2023. In total, 19 patients with ASPL'T" [14 men
and 5 women; median age, 70 years; age range, 36-87 years;
interquartile range (IQR), 62.5-74.5 years] were included
in this study. Histological diagnoses were made using
specimens that were either resected or biopsied. ASPLT was
diagnosed based on the fifth edition of the World Health

Organization guidelines for soft tissue and bone tumors.

MRI acquisition

Since this was a retrospective multicenter study, MRI was
performed using various devices and coils, resulting in
imaging parameter variability. T1-weighted (T1WI), T2-
weighted (T2WI), fat-suppressed T1-weighted (/s T1WI),
and fat-suppressed T2-weighted (f/s T2WI) images were
evaluated. Contrast-enhanced imaging was performed in
16 of the 19 cases; postcontrast images were taken using /s
TIWI. None of the patients underwent a dynamic study.

MRI analysis

MRI images were independently reviewed by two
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Table 1 Characteristics of the patients and tumors

Value (N=19)

Characteristics

Age (years) 70 (62.5-74.5)

Range 36-87
Sex

Male 14 (73.7)

Female 5(26.3)

Tumor location

Femoral region 7 (36.8)
Thoracic dorsal region 3(15.8)
Cervical region 2(10.5)
Gluteal region 2(10.5)
Deltoid region 1(5.3
Lumbar region 1(5.9)
Inguinal region 1(5.3)
Antebrachial region 1(5.3
Pedal region 1(5.3)
Tumor layer
Superficial layer 9 (47.4)
Deep layer 10 (52.6)

Maximum diameter of the lesion (mm) 90 (48.5-135.7)

Range 22.0-173.1

Data are expressed as the number of patients (percentage) for
categorical variables, and as median (interquartile range) for
continuous variables, unless otherwise specified.

radiologists specializing in diagnostic imaging with 15 and
8 years of experience, respectively; a consensus was reached
through discussion. The MRI features evaluated included
tumor margin, capsule, septa, fat content, hyperintense
areas on /s T2WI, edema, and contrast enhancement.

Regarding tumor margins, the presence of a well-defined
peripheral edge was assessed on T1WI. The capsule was
evaluated based on the presence of a low-signal band at
tumor edge on T2WI. Septa were identified as internal low-
signal structures with a signal intensity equal to or less than
that of the muscle on T2WIL.

Fat content was evaluated using a six-grade scale based
on comparisons between T1WTI and {/s TIWI: none (0%),
minimal (<25%), moderate (25-49%), substantial (50-74%),
extensive (75-99%), and total (100%).

The extent of the hyperintense areas on f/s T2WI was

© AME Publishing Company.

evaluated using a six-grade scale; according to their appearance,
these areas were classified as “reticular hyperintensity” or “solid
hyperintensity”. Contrast enhancement was assessed using {/
s TIWI after contrast injection. The enhanced areas were
then evaluated for /s T2WI characteristics.

Edema was identified as hyperintense areas extending
into the surrounding subcutaneous tissue on {/s T2WL

Agreement evaluation

Agreement between the two radiologists was assessed using
Cohen’s kappa coefficient (k). The degree of agreement was
classified as follows: k=0.0-0.20, poor; 0.21-0.40, fair; 0.41-
0.60, moderate; 0.61-0.80, good; 0.81-1.00, very good. In
cases of discrepancy, a consensus interpretation was used for
further analysis.

Results
Clinical findings

The median age of patients was 70 years (IQR,
62.5-74.5 years), including 14 men and five women. The
tumors occurred in the following sites: femoral (seven),
thoracic dorsal (three), cervical (two), and gluteal (two)
regions, as well as deltoid, lumbar, inguinal, antebrachial,
and pedal regions (one each). We detected superficial layer
involvement in nine patients, whereas 10 patients exhibited
deep layer involvement. The lesions measured a median of
90.0 mm in maximum diameter (IQR, 48.5-135.7 mm).

MRI findings

MRI findings are summarized in 7able 2. We observed well-
defined tumor margins in eight patients (42.1%). Capsules
were present in 17 patients (89.5%). Finally, we observed
septa in all cases (100.0%).

The fat content distribution was as follows: five cases
(26.3%) showed no fat, six cases (31.6%) contained <25%,
one case (5.3%) contained 25-49%, four cases (21.1%)
contained 50-74%, two cases (10.5%) contained 75-99%,
and one case (5.3%) consisted entirely of fat.

Regarding T2WTI high-signal areas, one case (5.3%)
showed none, one case (5.3%) showed <25%, three cases
(15.8%) showed 25-49%, four cases (21.1%) showed 50—
74%, eight cases (42.1%) showed 75-99%, and two cases
(10.5%) showed 100% high-signal areas. Notably, 14 cases
(73.7%) displayed T2WI reticular signals, whereas 15 cases
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Table 2 MRI findings (N=19)

Variables N (%) « value (95% ClI)
Clear peripheral margin 8 (42.1) 0.64 (0.34-0.93)
Capsule 17 (89.5) 0.57 (0.15-0.98)
Septum 19 (100.0) -
Fatty area 0.81 (0.63-1.00)
None (0%) 5(26.3)
Minimal (<25%) 6 (31.6)
Moderate (25-49%) 1(5.3)
Substantial (50-74%) 4(21.1)
Extensive (75-99%) 2(10.5)
Total (100%) 1(5.3)
Non-fatty T2WI high-signal area
Reticular 14 (73.7)  0.89 (0.70-1.00)
Solid 15(78.9) 0.87 (0.66-1.00)
None (0%) 1(5.3) 0.60 (0.35-0.85)
Minimal (<25%) 1(5.3)
Moderate (25-49%) 3(15.8)
Substantial (50-74%) 4(21.1)
Extensive (75-99%) 8 (42.1)
Total (100%) 2(10.5)
Edema 2(10.5)  0.81(0.52-1.00)
Enhancement area
Low signal intensity on f/s T2WI 12 (75.0)  0.75 (0.47-1.00)

High signal intensity on f/s T2WI  15(93.8)  0.73 (0.37-1.00)

None (0%) 1(6.3)  0.42(0.13-0.71)
Minimal (<25%) 3(18.8)
Moderate (25-49%) 3(18.8)
Substantial (50-74%) 5(31.3)
Extensive (75-99%) 3(18.8)
Total (100%) 1(6.3)

Cl, confidence interval; f/s T2WI, fat-suppressed T2-weighted
images; MRI, magnetic resonance imaging.

(78.9%) exhibited T2WTI solid signals. Edema was present
in two cases (10.5%).

Contrast enhancement evaluation revealed one case
(6.3%) without enhancement, three cases (18.8%) with
<25%, three cases (18.8%) with 25-49%, five cases (31.3%)

© AME Publishing Company.
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with 50-74%, three cases (18.8%) with 75-99%, and one
case (6.3%) with complete enhancement. Among these, 12
cases (75%) showed enhancement in low-signal areas on {/
s T2WI, whereas 15 cases (93.8%) showed enhancement in
high-signal areas on f/s T2WI.

Representative MRI images are shown in Figures I1-3.
Corresponding histopathological findings of the lesions in
Figures 1,3 are shown in Figures 4,5, respectively.

Interobserver agreement

The kappa coefficients between the two radiologists ranged
between moderate and good. Moderate agreement was
observed for capsule presence [k=0.57, 95% confidence
interval (CI): 0.15-0.98], T2WTI high-signal areas (k=0.60,
95% CI: 0.35-0.85), and contrast enhancement extent
(k=0.42, 95% CI: 0.13-0.71). Regarding other features, the
agreement rate was good, with « values ranging between
0.64 and 0.89.

Discussion

ASPLT was first reported in 1994 by Dei Tos et al. as a
“spindle cell liposarcoma” and was initially considered an
ALT/WDL variant (7). However, advances in cytogenetics
and molecular genetics have led to its reclassification
as a distinct entity, now recognized as “atypical spindle
cell lipomatous tumor”. Further research has revealed
a morphological and genetic overlap with “atypical
pleomorphic cell tumor”, unifying the two under an ASPLT
diagnosis (4).

Clinically, ASPLTs are more commonly found in
subcutaneous tissues than in deep locations (2,3), with
frequent sites being the hands, feet, and thighs, whereas
rare occurrences include the head, neck, genital region,
trunk, and back (2,3). ASPLT mainly affects middle-aged to
older individuals, with peak incidence in the sixth decade of
life, showing a slight male predominance (2,3).

In this study, the median age of patients with ASPLT
was 70 years, with 73.7% of them being men, consistent
with previous studies. The thigh was the most common
site, followed by the back, neck, and buttocks. In this study,
we also observed a slight deviation from prior trends, with
only one case each in the upper limbs and feet, which are
typically considered common sites. Additionally, deep-
seated lesions were slightly more common than superficial
ones.

Previous studies on ASPLT MRI findings have been
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Figure 1 A 42-year-old man with left inguinal ASPLT. (A,B) Axial T'1-weighted image (A) and axial fat-suppressed T1-weighted image (B):

a subfascial mass with mixed fatty and nonfatty components. (C) Axial T2-weighted image: the lesion has both a capsule (arrows) and septa

(arrowhead). (D) Axial fat-suppressed T2-weighted image: the nonfatty components exhibit heterogeneous high signal intensity, including

solid areas (asterisk), reticular areas (arrowhead), and slight peritumoral edema (arrows). (E) Axial fat-suppressed contrast-enhanced T1-

weighted image: heterogeneous enhancement is observed in the high signal intensity components seen on fat-suppressed T2-weighted

images. ASPLT, atypical spindle cell/pleomorphic lipomatous tumor.

limited.

In cases of fat-containing tumors, the T1WI signal
intensity reflects fat content, which is diagnostically
significant. Earlier studies have categorized ASPLT T1WI
signal intensity into the following three groups: (I) high; (II)
mixed high and low; and (III) low (6). However, since some
high T1WI signals may be attributed to hemorrhage or
myxoid components (8), this study focused on evaluating fat
content using selective fat suppression techniques instead
of T1WI signal intensity. Fat content varied widely, with
an average score of 1.74 and median score of 1, indicating
a tendency toward low fat content in the cases assessed.
Histopathological examination similarly confirmed a
tendency toward low fat content, with findings consistent
with imaging in many cases (Figures 44,5A). Furthermore,
fat was not only interspersed within the nonfatty

© AME Publishing Company.

components but also often present as distinct nodules,
which corresponded well with the MRI findings.
Regarding nonfatty components, T2WI high-signal
areas appeared in 18 cases (94.7%), with 17 cases (89.5%)
showing high-signal areas covering approximately 25%
of the lesion. T2WTI low-signal septa were observed in all
cases. Contrast enhancement appeared in 15 of 16 cases
(93.8%), predominantly in T2WT high-signal areas and in
T2WI low-signal areas in 12 cases (75.0%). Histologically,
abundant collagen fibers and myxoid material were
observed in these lesions (Figures 4C-4E,5C-5E), which
corresponded well with the signal characteristics on T2WI.
Specifically, T2WI low-signal areas were considered to
reflect collagen fibers, whereas high-signal areas were
attributed to myxoid components. However, no discernible
histological differences were observed that could account
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Figure 2 An 87-year-old man with left deltoid ASPLT. (A,B) Axial T1-weighted image (A) and axial fat-suppressed T1-weighted image (B): a

subcutaneous mass with a complex internal structure, containing a small amount of fatty components (arrows). (C) Axial T2-weighted image:

the lesion has both a capsule (arrows) and septa (arrowheads). (D) Axial fat-suppressed T2-weighted image: the nonfatty components exhibit

heterogeneous high signal intensity, including solid (arrows) and reticular (arrowhead) areas. (E) Axial fat-suppressed contrast-enhanced T'1-

weighted image: enhancement is observed in the high-signal-intensity components (arrows) seen on fat-suppressed T2-weighted images.

ASPLT, atypical spindle cell/pleomorphic lipomatous tumor.

for the variation in contrast enhancement (i.e., moderate in
Figure 4 and faint in Figure 5).

Other findings included well-defined margins in eight
cases (42.1%) and capsular structures in 17 cases (89.5%).
Margins have been reported to be indistinct owing to
peripheral infiltration (2,4). In our pathological analysis as well,
capsule-like structures were observed at the tumor margins;
however, tumor infiltration beyond these structures was also
identified in some areas (Figures 4B,5B). This suggests that the
capsules observed on MRI may not represent true tumor
capsules, but rather so-called “pseudocapsules” formed by
compression or reactive changes in the surrounding tissue.

Interobserver agreement for most MRI features ranged
between moderate and good; however, the k value for
contrast enhancement area evaluation was relatively lower
(x=0.42), indicating moderate agreement. This lower

© AME Publishing Company.

agreement is likely attributable to the relatively detailed six-
grade scale used for evaluation, along with decreasing visual
clarity of the assessed features in the following order: fat
content (k=0.81) > extent of T2WT high-signal areas (k=0.60)
> extent of contrast enhancement (k=0.42). Moreover, the
relatively unclear tumor borders and capsular structures
seen pathologically might also have contributed to the
lower agreement for capsular and clear peripheral margin
assessments.

Edema-like signals appeared in two cases (10.5%)
(positive, Figure 1; negative, Figure 3). However,
corresponding tumor infiltration was not observed
histologically (Figure 4C), suggesting that these findings
were unlikely to affect surgical handling or postoperative
outcomes.

Similar to pathological findings, SPL, ALT/WDL,
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Figure 3 An 85-year-old man with right dorsal ASPLT. (A,B) Axial T1-weighted image (A) and axial fat-suppressed T1-weighted image

(B): a subcutaneous mass with mixed fatty and nonfatty components. (C) Coronal T2-weighted image: the lesion has both a capsule (arrows)

and septa (arrowhead). (D) Axial fat-suppressed T2-weighted image: the nonfatty components exhibit heterogeneous high signal intensity,

including solid (arrows) and reticular (arrowhead) areas. (E) Axial fat-suppressed contrast-enhanced T'1-weighted image: a slight contrast

enhancement is observed in the high- (arrows) and low-signal-intensity components (arrowhead) seen on fat-suppressed T2-weighted

images. ASPLT, atypical spindle cell/pleomorphic lipomatous tumor.

DDLPS, and MLS are important differential diagnoses
based on MRI characteristics. We evaluated these
differential diagnoses with reference to previous studies.
First, we considered SPL. Clinically, SPL often occurs
in the subcutaneous tissues of the head and neck, is more
common in men and tends to have a tumor size <5 cm (9-11).
In contrast, despite also showing a male predominance, the
clinical characteristics of ASPLT in this study included cases
of deep-seated occurrence, low incidence of cervical region
involvement, and median tumor size of 90.0 mm (IQR,
48.5-135.7 mm). Regarding the imaging characteristics of
SPL, the degree of fat content has been reported to vary,
with some cases showing no fat at all and all cases exhibiting
enhancement, albeit to varying degrees (9-11). This finding
partially aligned with the characteristics of ASPLT observed
in this study. However, the results of this study indicated a

© AME Publishing Company.

relatively low-fat content in ASPLI In contrast, SPL exhibits
a relatively high fat content in imaging findings (9-11).
These differences in clinical and imaging characteristics are
important for distinguishing ASPL'T from SPL.

The secondary differential diagnosis was ALT/WDL.
Compared with lipomas, the distinguishing features of
ALTs/WDLs include a deep-seated location, larger size,
thick septa, strong contrast enhancement, and reduced
fat content (12,13). In this study, ASPLTs with >50% fat
content exhibited similar characteristics. However, a notable
distinction lies in the presence of contrast-enhancing T2WI
high-signal areas, observed in 5 of 6 cases. This feature may
serve as a useful diagnostic clue for distinguishing ASPLTs
from ALT/WDLs.

The third differential diagnosis was DDLPS and MLS.
DDLPS and MLS are characterized by the presence of a
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Figure 4 Representative histopathological findings in the case of Figure 1. H&E findings showed fatty and nonfatty components (A,C),
septum (A, yellow arrow), edematous stroma (B, asterisk), and capsule (C, yellow arrow). Atypical spindle cells (D) were seen. Magnification:
(A) x20; (B,C) x40; (D) x100. H&E, hematoxylin and eosin.

Figure 5 Representative histopathological findings in the case of Figure 3. H&E findings showed fatty and nonfatty components (A-D),
septum (A,B, yellow arrows), and capsule (D, yellow arrow). Atypical spindle cells (C) and tumor outside the capsule (D, asterisk) were seen.
Magnification: (A,B) x40; (C,D) x100. H&E, hematoxylin and eosin.
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small amount of fat and prominent nonfatty components
with imaging features that include diverse T2WI high-
signal areas and corresponding contrast enhancement
(14,15). In this study, ASPLT cases of fat content <25%
showed imaging findings similar to those of DDLPS and
MLS. However, no MRI characteristics that could be
considered particularly useful for differentiating ASPLT
from DDLPS or MLS were identified in this study. Given
that 57.8% of ASPLT cases in this study had <25% fat
content and that DDLPS and MLS are more aggressive
than ASPLT, identifying specific MRI features for
distinguishing among them remains an important clinical
and research challenge.

Among nonfat tumors pathologically considered
in the differential diagnoses, such as myxoid, fibrous,
and neurogenic tumors (2), we identified fat in 14
cases (73.7%) of ASPLT. This suggested that careful
evaluation of the fat content may contribute to appropriate
classification, emphasizing the utility of MRI in providing a
comprehensive assessment of the entire tumor.

This study had several limitations. First, as a multicenter
retrospective study, the MRI equipment and protocols
were not standardized. This lack of uniformity might have
influenced the evaluation of signal intensity and contrast in
each sequence. However, the consensus analysis conducted
by the two radiologists mitigated this issue to some extent.
Second, three cases in this study did not undergo contrast-
enhanced imaging. Third, none of the patients subjected
to contrast-enhanced imaging underwent dynamic
studies, wherein the timing of contrast administration
varied. Consequently, contrast enhancement evaluation
was limited. However, within the scope of this study, we
suggest that these variations did not significantly affect the
overall contrast enhancement assessment. These limitations
reflect the nature of pre-existing protocols that are often
encountered in real-world clinical practice. To overcome
these limitations, future research should aim to standardize
MRI equipment and protocols, incorporate dynamic
contrast-enhanced imaging, and ensure uniform timing of
contrast agent administration. Multicenter collaboration is
essential for achieving comprehensive and consistent data
collection.

Conclusions

In conclusion, this study identified trends in fat content and
nonfatty component characteristics, providing an analysis
of the imaging features of ASPLT in a relatively large

© AME Publishing Company.

number of cases. Our results demonstrated that ASPLT
tended to show low-fat content on T1WI, high-signal
areas of nonfatty components on T2WI in most cases, and
contrast enhancement to varying degrees in all but one case,
predominantly observed in T2WT high-signal areas.

From an imaging perspective, important differential
diagnoses include SPL, ALT/WDL, DDLPS, and MLS,
which align with the pathological differential diagnoses.
Although the importance of pathological diagnosis for
accurate identification remains, further elucidation of the
imaging differences between these tumors could provide
significant advantages for early diagnosis and treatment.
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