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Abstract
Objectives The objectives of the study are (1) to distinguish lipoma (L) from atypical lipomatous tumor (ALT) using MRI
qualitative features, (2) to assess the value of contrast enhancement, and (3) to evaluate the reproducibility and confidence level
of radiological readings.
Materials and methods Patients with pathologically proven L or ALT, who underwent MRI within 3 months from surgical
excision were included in this retrospective multicenter international study. Two radiologists independently reviewed MRI
centrally. Impressions were recorded as L or ALT. A third radiologist was consulted for discordant readings. The two radiologists
re-read all non-contrast sequences; impression was recorded; then post-contrast images were reviewed and any changes were
recorded.
Results A total of 246 patients (135 females; median age, 59 years) were included. ALTwas histopathologically confirmed in 70/
246 patients. In multivariable analysis, in addition to the lesion size, deep location, proximal lower limb lesions, demonstrating
incomplete fat suppression, or increased architectural complexity were the independent predictive features of ALT; but not the
contrast enhancement. Post-contrast MRI changed the impression in a total of 5 studies (3 for R1 and 4 for R2; 2 studies are
common); all of them were incorrectly changed from Ls to ALTs. Overall, inter-reader kappa agreement was 0.42 (95% CI 0.39–
0.56). Discordance between the two readers was statistically significant for both pathologically proven L (p < 0.001) and ALT
(p = 0.003).
Conclusion Most qualitative MR imaging features can help distinguish ALTs from BLs. However, contrast enhancement may be
limited and occasionally misleading. Substantial discordance on MRI readings exists between radiologists with a relatively high
false positive and negative rates.
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Introduction

Lipomatous soft tissue tumors are the most common mes-
enchymal neoplasms [1]. Lipomatous tumors encompass a
wide spectrum ranging from benign to aggressively ma-
lignant tumors. While it is not difficult to distinguish
high-grade malignant lesions from benign entities, it is
more challenging to correctly differentiate lipoma (L)
from well differentiated liposarcoma (WDLS) [2].
According to WHO classification, WDLS are generally
called atypical lipomatous tumor (ALTs) when located in
the extremities or in the trunk to differentiate them from
their intrathoracic or intraabdominal counterparts, which
are more difficult to completely excise [3].

It is crucial to correctly differentiate L from ALT, be-
cause the two tumors undergo different surgical ap-
proaches due to their different biological behavior. ALT
are generally resected with wide margins as they have a
high rate of local recurrence and potential for dedifferenti-
ation into high-grade sarcomas and metastatic spread
[4–6]. In addition, ALT need long-term clinical follow-
up, as they may exhibit delayed dedifferentiation 5–
10 years after resection or recurrence [7, 8]. On the other
hand, L can be clinically observed unless they result in
symptoms due to the mass effect. In these cases, the mass
could be just marginally excised [9].

MRI is the standard modality for assessment of soft tissue
neoplasms. Several MR imaging features have been shown to
predict the presence of ALT, including tumor size [10, 11],
location [10], presence of thick septa [11] or enhancement
[12], and aggregated scoring systems which included sum-
ming scores from many qualitative features [13, 14].
However, when these features are used to distinguish ALT
from BL, there is substantial overlap, which results in low
diagnostic accuracy (63%) with specificities as low as 36%
[11]. In addition, the radiologic reading reliability has mixed
results in the literature, with several previous studies reporting
low or fair intra- and inter-observer reproducibility [11, 15].
For these shortcomings, MRI is often deemed not adequate for
meeting the clinical needs.

Conventional histopathology relies on the presence of
atypical hyperchromatic nuclei as ALT cell hallmark.
However, finding these cells is often challenging due to
their paucity and their scattered appearance throughout
the lesion [16]. For this reason, biopsy cannot be consid-
ered appropriate for diagnosis and tumor excision is rec-
ommended [17, 18]. Several advanced pathologic tools
have been developed to accurately distinguish ALT from
L including immunohistochemistry (IHC), fluorescence in
situ hybridization (FISH), and molecular testing for anti-
bodies to MDM2 and CDK4. In particular, MDM2 has
been described as a highly sensitive marker for ALT;
nowadays, it is the most-commonly used technique to

distinguish the most challenging cases of ALT from L
[16, 19, 20].

With this multicenter study, we aimed (1) to distinguish L
from ALT using MRI qualitative features, (2) to assess the
value of contrast enhancement, and (3) to evaluate the repro-
ducibility and confidence level of radiological readings.

Material and methods

This is a retrospective multicenter imaging study. The study
protocol was approved by the local Institutional Review
Board (IRB No. 1213041-5); the collection/distribution of im-
ages was approved and carefully regulated by University of
California Reliance System (No. 2963) and Data Transfer
Agreements. In addition, the overseas agreements were edited
to adhere to the European Union laws in matter of patient data
protection.

Study population

The local picture archiving and communications systems of 5
different University Hospitals were queried for the terms:
“atypical lipomatous tumor” “soft tissue tumor,” “Lipoma”
“soft tissue tumor,” and “MRI.” The search identified 5430
subjects from March 2008 to February 2018.

Subjects were included if they had a pathologically proven
surgically resected L or ALT and underwent a preoperative
MRI study (with or without contrast) within 3 months before
their surgery.

We excluded subjects with incomplete imaging studies,
poor quality studies (e.g., motion artifact, suppression issues,
metallic artifact), recurrent or persistent tumor, or non-
conclusive pathologic report for L or ALT.

After applying inclusion and exclusion criteria, a total of
246 subjects were eligible for this analysis (135 female and
111 male, age range 23 to over 89 years—according to insti-
tutional privacy rule all subjects ≥ 90 years old, need to be
grouped in a common age category). Medical records were
reviewed for patient’s demographics and presence of pain or
discomfort (the latter data was not available for two patients).

MRI protocol

MRI studies were performed on 21 different scanners in-
cluding: Hitachi Airis II, Toshiba Titan, Siemens (Aera,
Avanto, Espree, Skyra, Sonata, SymphonyTim, Verio and
Trio Tim), Philips (Achieva dStream, Gyroscan intera,
Ingenia), and GE (Discovery MR750, MSK extreme,
Optima MR450w, Signa excite, Signa genesis, Signa
HDe, Signa HDx, Signa HDxt). Scanners operated at either
1.5 or 3.0-Tesla magnetic field strength. The MRI imaging
protocol included nonfat-suppressed T1-weighted fast
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spinecho (FSE) and T2-weighted fat-suppression FS or
STIR sequences for all patients. The sequences included
sagittal, coronal, and axial T1 SE and T2 FS FSE as well
pre- and post-contrast T1-weighted fat-suppressed images.
DICOM images were anonymized and exported for central
reading in one of the participating sites. Deidentification
procedure was confirmed at the central reading site to ad-
here to Safe Harbor standards [21].

Radiologic assessment

All images were independently reviewed by two muscu-
loskeletal fellowship-trained radiologists, (reader 1, DS,
1-year experience and reader 2, LN, 3-year experience)
for inter-observer reproducibility measurements. In those
instances where impressions were not identical, consensus
readings were performed with the senior MSK radiologist

(T.M.L., more than 20-year experience); this data sheet
was considered the consensus reading. The three radiolo-
gists were blinded to any clinical data.

The images were reviewed for lesion site, size, location
(superficial or deep to the superficial fascia; i.e., the fascial
sheet lying directly beneath the skin [22]), architectural com-
plexity (compared to the surrounding fat, Fig. 1a–c), presence/
absence of septa thicker than 2 mm, level of fat suppression
(Fig. 1d–i), regular/irregular margins, and presence and pat-
tern of enhancement if any as detailed in Table 1.

In addition to the qualitative features, the two readers re-
corded three more parameters: (1) the overall impression as
either L or ALT, (2) their confidence level about that impres-
sion on a 4-point scale ranging from one (least confident) to 4
(most confident), and (3) categorization of their impression on
a 5-point diagnostic score that mimics the clinical reporting
language [23], ranging from 1 to 5; 1 = consistent with L, 2 =

Fig. 1 Levels of lesion architecture complexity (a–c, arrows) in
comparison to the surrounding subcutaneous fat are demonstrated in
T1W images (top row): a less complex architecture, b similar
complexity, and c more complex architecture. T1WI (d, e, f) and the

corresponding T1WI FS (g, h, i) images demonstrating complete
suppression of fat signal in (g), near complete suppression in (h), and
partial fat suppression in (i)
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probably L, 3 = equivocal (possible lipoma, possible ALT),
4 = probably ALT, and 5 = consistent with ALT (Figs. 2, 3
and 4).

The whole dataset was re-reviewed at least 4 weeks from
the first reading, to establish intra-observer reliability mea-
surements. During the second reading, the radiologists were
asked to record the abovementioned 3 parameters (overall
impression, confidence level, and overall diagnostic score)
after reviewing pre-contrast MRI sequences only, then

contrast sequences were reviewed and any change in the 3
parameters was recorded.

Pathologic analysis

Pathology reports were reviewed to establish the reference
standard for each case. Excision specimens were reviewed
microscopically by a pathologist at each site. When the histo-
logic findings were equivocal, a second pathologist was

Table 1 Univariate analysis of the association between the clinical/MR imaging features and the pathological diagnosis of lipomatous lesions

Pathologic diagnosis

Ls ALTs OR (95% CI) p value
Clinical/MRI features N % N %

Sex Female 96 54.5% 39 55.7% 0.95 (0.55–1.67) 0.89
Male 80 45.5% 31 44.3%

Pain or discomfort# No 81 46.0% 19 27.9% 2.2 (1.2–4.03) 0.01
Yes 95 54.0% 49 72.1%

Tumor Site* Proximal UL 53 30.1% 6 8.6% 11.36 (5.72–22.58)a < 0.001
Distal UL 5 2.8% 1 1.4%

Trunk 60 34.1% 4 5.7%

Proximal LL 49 27.8% 57 81.4%

Distal LL 9 5.1% 2 2.9%

Tumor Depth* Superficial 71 40.3% 4 5.7% 11.16 (3.89–31.99) < 0.001
Deep 105 59.7% 66 94.3%

Tumor Margin* Smooth 165 93.8% 53 75.7% 4.81 (2.12–10.91) < 0.001
Irregular 11 6.3% 17 24.3%

Fat suppression* Complete 119 67.6% 9 12.9% 14.15 (6.57–30.49)b < 0.001
Almost complete 38 21.6% 17 24.3%

Partial 17 9.7% 42 60.0%

Not suppressed 2 1.1% 2 2.9%

Architecture complexity* Less complex 93 52.8% 11 15.7% 18.2 (9.12–36.34)c < 0.001
Similar complexity 63 35.8% 10 14.3%

More complex 20 11.4% 49 70.0%

Septal thickness* < 2 mm 152 86.4% 28 40.0% 9.5 (4.99–18.08) < 0.001
≥ 2 mm 24 13.6% 42 60.0%

Enhancement pattern* Non-enhancement 57 39.0% 5 7.7% 7.69 (2.91–20.29)d < 0.001
Peripheral 10 6.8% 1 1.5%

Nodular 3 2.1% 5 7.7%

Septal 47 32.2% 21 32.3%

Peripheral and nodular 1 0.7% 0 0.0%

Nodular and septal 5 3.4% 4 6.2%

Peripheral and septal 21 14.4% 22 33.8%

Peripheral, nodular and septal 2 1.4% 7 10.8%

# The data were missing in two patients
* These MRI features were based on Reader 2 impressions
a,b,c,d Odds ratio calculated between two groups
a Proximal lower limb versus other locations
b Complete versus almost complete, partial, or no suppression
cMore complex versus similar/less complex architecture
d Presence versus absence of contrast enhancement (post-contrast sequences were available in only 211 patients)

L lipoma, ALT atypical lipomatous tumor, OR odds ratio for the pathologic diagnosis of ALT, CI confidence interval
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consulted and/or FISH testing was performed to evaluate for
the presence of MDM2 gene amplification. This standard as-
sessment reflects the clinical routine in the USA.

Statistical analysis

Association of categorical variables (clinical and MRI fea-
tures) with the pathologic diagnosis was assessed using
Pearson’s chi-square or Fisher’s exact test, as appropriate.
The non-parametric Mann-Whitney U test was used for com-
paring the non-normally distributed continuous variables (age
and lesion size) among L and ALT.

Odds ratios were calculated for binary variables. Significant
features from the univariate analysis (UVA) were further
employed in a multivariable analysis (MVA) using a binary lo-
gistic regression model with backward selection method.

Cohen’s Kappa test was used for assessing the degree of
agreement between any two readers.

True-positive (TP), true-negative (TN), false-positive (FP),
and false-negative (FN) readings were identified on the basis
of subsequent histopathologic validation. Diagnostic perfor-
mance parameters were calculated in the form of sensitivity,
specificity, accuracy, positive predictive value (PPV), negative
predictive value (NPV), and likelihood ratios (LRs). The non-
parametric McNemar’s test was used to evaluate the statistical
significance of the differences in sensitivity and specificity
between the paired readings. The area under the curve
(AUC) from receiver operating characteristic (ROC) analysis
was used to demonstrate overall accuracy of each modality.

Continuous data were summarized as mean and standard
deviation or median (range). Categorical variables were sum-
marized as frequency and percentages. Confidence intervals
were reported where applicable. In all analyses, p value < 0.05

Fig. 2 Example of a lesionwith diagnostic score 1-consistent with lipoma
(arrow). Shown is a superficial, left shoulder lesion that shows smooth
margins, less complex architecture compared to surrounding fat in T1W

images (a) with complete fat suppression in T1 FS image (b) and minimal
septal enhancement in T1W post-contrast (c). Conventional pathology
was consistent with lipoma

Fig. 3 Example of lesion with diagnostic score 3-equivocal (possible
lipoma, possible ALT, arrow). Shown is a posterior thigh lesion with
smooth margins and fine septations deep to the fascia. The lesion has
architecture similar to surrounding fat in T1W images (a). The lesion

demonstrates incomplete fat suppression in T1 FS image (b) and mild
peripheral and septal enhancement in T1W post-contrast sequence (c).
Pathology with MDM2 revealed ALT
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(two-tailed) was considered statistically significant. The anal-
ysis was performed using SPSS v.21 (IBM Corp, Armonk,
New York) and MedCalc (MedCalc Software, Mariakerke,
Belgium).

Results

Study population

A total of 246 subjects (135 females, 111 males; median age
59; range 23 to over 89 years) were eligible for this analysis.
The average tumor size was 12.4 ± 7.2 cm. Surgical excision
was performed in all subjects and free margins were obtained
in 209/246 patients. MDM2 status was assessed in 47% of
lesions (n = 116). MDM2 was positive in 53 lesions, all of
which were ALTs; and negative in 63 lesions, 59 of themwere
BLs. MDM2 was negative in 4 ALTs (p < 0.0001). Overall,

ALTwas histopathologically proved in 70/246 patients (prev-
alence 28%, 95%CI 23–35%). The prevalence of ALT did not
vary significantly between the 5 participating sites (range 24–
38%).

Clinical and MRI features of ALT

Using univariate analyses, subjects with ALTwere significant-
ly older (61 ± 13 years) compared to those having lipoma (56
± 12 years, p = 0.004). On average, the maximum lesion size
was 18 ± 7 cm for ALTs compared to 10 ± 6 cm for Ls
(p < 0.001). ALTs were seen more frequently in the proximal
lower limb, located deep to the superficial fascia (Fig. 5), and
had irregular margins and thick septa. In addition, ALTs often
showed contrast enhancement, incomplete fat suppression,
and more complex architecture compared to the surrounding
fat (Table 1).

Fig. 4 Example of lesion with diagnostic score 5-consistent with ALT
(arrow). Shown is a large posterior thigh lobulated lesion with architec-
ture complexity higher than surrounding fat in T1WI (a). The lesion

demonstrates partial fat suppression in T1 FS image (b) and heteroge-
neous and nodular enhancement in T1W post-contrast sequence (c)
Pathology with MDM2 revealed ALT

Fig. 5 Superficial lipomatous
lesions from two different
patients: a 56-year woman right
gluteal mass (arrow), b 61-year
woman with left gluteal mass.
The two masses demonstrate
similar MRI features in the shown
T1W images: fat architecture
similar to the surrounding fat and
thin septa are noted. The original
read for these lesions was lipoma;
however. the histopathologic re-
port was consistent with lipoma in
(a), (arrow) and atypical lipoma-
tous tumor in (b), (two arrows)
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In multivariable analysis, after adjusting for age and sex,
the lesion size, proximal lower limb location, deep to superfi-
cial fascia, incomplete fat suppression, and increased architec-
tural complexity were independent predictors of ALT
(Table 2). However, lesion enhancement was not associated
with the diagnosis of ALT.

Impact of contrast injection

Overall, radiological impressions were changed in 7 read-
ings (for a total of 5 studies), all of them were incorrectly
changed from L to ALT. Of the 7 incorrect reads, both
readers concordantly changed their impression in 2 studies.
Additional 1 and 2 studies were reported as positive for
ALT after reviewing the contrast sequences from readers
1 and 2, respectively (Fig. 6). Pre-contrast MRI was asso-
ciated with slightly higher specificity (81%, 95% CI 70–
85%) compared to readings that involve post-contrast MRI
sequences (75%, 95% CI 68–82%; p = 0.1) with identical
level of sensitivity (83%, 95% CI 72–91%).

Similarly, the overall accuracy of the two readings on the 5-
point scale was comparable with AUCs of 0.89 (95% CI0.84–
0.93) and 0.88 (95% CI 0.83–0.93), for pre- and post-contrast
MRI, respectively (p = 0.1). Post-contrast MRI did not signif-
icantly change the confidence or diagnostic scores.

Agreement on MRI readings

Reader 1 did not report any lesions in one study; a total of
245 scans were available for agreement analysis. The two
radiologists agreed on categorizing 90 lesions as L and 87
as ALT. Discordant readings were encountered in 68 stud-
ies (28%). Inter-reader kappa agreement was 0.42 (95%
CI 0.39–0.56). Discordance between the two readers was
statistically significant for both pathologically proven L
(p < 0.001) and ALT (p = 0.003). Among the 68 discor-
dant cases between the first two observers, the third radi-
ologist agreed on 11 of reader 1 and 57 of reader 2 im-
pressions with kappa levels of − 0.14 (95% CI − 0.29:−
0.02) and 0.39 (95% CI 0.09–0.64), respectively. Of the
68 subjects, the false categorization of readers 1, 2, and 3
were 50, 17, and 15, respectively.

Intra-observer reliability of MRI readings was very good
with kappa value of 0.97 (95% CI 0.90–1.0) for reader 1 and
0.88 (95% CI 0.82–0.94) for reader 2.

Diagnostic performance of MRI

Consensus MRI readings correctly categorized 62/70 ALTs
and 137/176 Ls (Table 3). The false positive and negative rates
were 22% and 11%, respectively.

Table 2 Multivariable analysis of
the significant qualitative features
predictive for the diagnosis of
atypical lipomatous tumor

Features p value OR (95% CI)

Maximum lesion size (continuous variable) 0.016 1.09 (1.02–1.17)

Site: lower limb 0.002 4.93 (1.81–13.46)

Depth: deep to superficial fascia 0.020 5.92 (1.32–26.62)

Fat suppression: incomplete 0.022 3.43 (1.19–9.89)

Architecture: more complex < 0.0001 7.80 (2.96–20.59)

OR odds ratio for the pathologic diagnosis of ALT, CI confidence interval

Fig. 6 A 40-year-old woman with a posterior thigh mass. T1WI (a)
demonstrates a 9.0 × 6.1 × 9.6-cm lipomatous lesion between
semimembranosus and posterior bundle of vastus lateralis, with architec-
ture similar to subcutaneous fat and thin septa. The lesion demonstrates
complete fat suppression in T1 FS pre-contrast image (b). The lesion was

scored 2 (probably lipoma) before reading post-contrast images T1WI (c)
which showed significant peripheral enhancement (arrow) and lead the
reader to upscale his score to 3 (equivocal). The lesion was surgically
excised with free margin, and histopathological assessment with negative
MDM2 was consistent with lipoma
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Radiologic confidence

The percentage of incorrect MRI impressions correlated neg-
atively with the confidence score (Table 4). Within the read-
ings that were given the lowest confidence score by readers 1
and 2, respectively, 80% and 40% of their final impressions
were incorrect compared to only 19% and 8% for the highest
confidence score.

Discussion

In this multicenter study, we demonstrated that several MRI
features can help differentiating benign from malignant lipo-
matous lesions; however, the clinical reading suffers from
relatively low level of confidence and reproducibility even
in the hands of experienced radiologists.

Our study demonstrated that several clinical and MRI fea-
tures are independently predictive of ALTs, including lesion

size, proximal lower limb location, deep site, incomplete fat
suppression, and increased architectural complexity. These
findings confirm the results of prior studies [10, 11, 13, 14].
However, in contrast to other studies [12, 24], thick septa and
enhancement were associated with the diagnosis of ALT only
in univariate analysis.

We have tried to assess the value of use of intravenous
contrast on the reading accuracy. Previous studies have dem-
onstrated that the presence of gadolinium enhancement is pre-
dictive of ALT [12, 24]. To our surprise, contrast enhancement
was only significantly associated with ALT in univariate anal-
ysis. Sequential reading of MRI without, then with, the addi-
tion of contrast sequences changed the radiologist’s impres-
sion in a total of only 5 cases from the two readers; all of them
were pathologically proven lipomas that showed different
levels/patterns of gadolinium enhancement and lead to the
false impression of ALT diagnosis. The specificity of post-
contrast MRI was 75% (95% CI 68–82%) which is compara-
ble to prior studies [17]. Our large multicenter study suggests
that the value of contrast administration may be far limited
than previously reported [12–14, 24]. Acquisition of
contrast-enhanced MRI sequences increases the time and cost
related to the procedure. Also, gadolinium administration has
been associated with possible side effects including
nephrogenic systemic fibrosis and accumulation in the basal
ganglia [25–31]; therefore, we believe that careful selection of
the population that may benefit the most from contrast admin-
istration after obtaining pre-contrast MRI images would de-
crease the potential risks associated with gadolinium injection
and reduce the overall scan time and, accordingly, the overall
study cost. We understand that our retrospective findings,
from a well-selected dataset cannot represent the basis for
changing the employed clinical protocols; however, it is a step
towards personalized radiological approach.

The reproducibility ofMRI readings in our study was mod-
erate with inter-rater agreement of 0.42. Previous reports dem-
onstrated inter-observer agreement on the final radiological
impression that ranged from 0.63 [15] to 0.71 [11], with the
agreement on each MRI feature was highly variable, reaching
as low as 0.17 [15]. Our figures are on the lower side of these
values. The fact that our large cohort came from 5 different
institutions, each with different MRI acquisition/processing

Table 3 Diagnostic performance indices for the readings from each
radiologist and from the consensus readings

N or value (95% CI)

Parameter Reader 1* Reader 2 Consensus reading

True positive 68 57 62

True negative 95 139 137

False positive 80 37 39

False negative 2 13 8

Sensitivity 97 (90–100%) 81 (70–90%) 89 (79–95%)

Specificity 54 (47–62%) 79 (72–85%) 78 (71–84%)

AUC 0.76 (0.70–0.80) 0.80 (0.75–0.85) 0.83 (0.78–0.88)

+LR 2.12 (1.80–2.51) 3.87 (2.85–5.27) 4.00 (2.99–5.34)

−LR 0.05 (0.01–0.21) 0.24 (0.14–0.39) 0.15 (0.08–0.28)

PPV 46 (38–54) 61 (50–71%) 61 (51–71%)

NPV 98 (93–100) 91 (86–95%) 94 (89–98%)

AUC area under the receiver operating characteristics curve,+LR positive
likelihood ratio, −LR negative likelihood ratio, PPV positive predictive
value, NPV negative predictive value

*No lesion was reported in one study by reader 1 and read as lipoma by
the other two readers

Table 4 Number and percentage
of correct and incorrect
impressions from the two
radiologists according to the
confidence score

Observers Radiologic confidence
score

Reader 1* Reader 2

IncorrectN (%) CorrectN (%) IncorrectN (%) CorrectN (%)

Score 1 12 (80%) 3 (20%) 14 (40%) 21 (60%)

Score 2 30 (83%) 6 (17%) 19 (37%) 32 (63%)

Score 3 13 (24%) 42 (76%) 9 (14%) 54 (86%)

Score 4 27 (19%) 112 (81%) 8 (8%) 89 (92%)

*No lesion was reported in one study by reader 1 and read as lipoma by the other two readers
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protocols, may, at least partially, explain these findings. Also,
the spectrum of findings seen in our large cohort reflected
multiple exceptions to the known common rules for the diag-
nosis of ALT. For example, we encountered few ALTs that
were superficially located (n = 4), smaller than 10 cm (n = 13)
or even smaller than 5 cm (n = 1). These features could mis-
lead the radiologist(s) and contribute to the false negative re-
sults encountered.

Our study has several limitations. First, since this is a ret-
rospective multicenter study, substantial heterogeneity exists
regarding the type of MRI machines, acquisition and process-
ing methodology, and selection of subjects for different clini-
cal algorithms including surgical intervention. The central
reading by two experienced radiologists may have addressed,
at least partially, this concern. Second, the assessment of the
value of contrast injection was performed only in 86% of the
study population since 35 subjects did not have contrast se-
quences. However, this was a pre-made decision as most in-
stitutions are pre-protocoling their patients’ procedure before
the patient is actually being scanned. Therefore, this data reli-
ably represents routine care. Third, some studies showed arti-
facts from surface coil field inhomogeneity which could limit
the evaluation of the fat suppression sequence, especially for
the most superficial lesions; to minimize this concern, all ef-
forts have been made to exclude all images with poor quality.
Fourth, this is a cross-sectional study, with no imaging follow
up. Since several surgeons advocate for wait-and-watch deci-
sions, not only for lipomas but also for ALTs, a longitudinal
study would help us understand the evolution of imaging fea-
tures over time, and also estimate the recurrence of resected
lipomatous lesions. Fifth,MDM2was not performed in all our
patients as the pathologic reference test. In clinical practice,
MDM2 may not be requested except when the conventional
histopathology is equivocal; therefore, even though we recog-
nize this limitation, this data can be considered a real snapshot
of the normal clinical routine of academic institutions. Sixth,
in clinical practice, a predominantly lipomatous mass could
encompass a wide range of heterogeneous differential diagno-
ses, that fall largely beyond the two options presented to the
radiologists in the current study; accordingly, the results pre-
sented here may not reflect the true diagnostic yield when
applied in the clinical setting. Also, since we included only
lesions that were surgically resected and proved to be one of
the two diagnoses, our results may be biased by the large
proportion of predominantly fat containing lesions that are
confidently diagnosed byMRI and did not undergo any resec-
tion. Seventh, we did not systemically study the finding of fat
necrosis which could be challenging to differentiate from
liposarcoma on imaging and needs histopathologic evaluation
[1]. Last, given the logistic and administrative restrictions on
data sharing, all the data and images collected from the 5
institutions were completely anonymized. It was not possible
to re-check additional patients’ data.

The advantages of the current study include its multicenter
design which allowed the collection of, to the best of our
knowledge, the largest MRI database of pathologically con-
firmed ALTs and BLs. Also, the central reading by 2 experi-
enced musculoskeletal radiologists and consulting a third
reader from a different institution for discordant cases rather
than solving them between the two radiologists, may decrease
the additional bias that could otherwise have resulted from the
differences in training and experience between radiologists.
Furthermore, we adopted a 5-point diagnostic score that
mimics the language used in daily radiologic reporting [23]
and used at top cancer specialized institutions such as the
Memorial Sloan Kettering Cancer Center.

In conclusion, qualitative MRI features can help distin-
guish ALTs from BLs; however, a significant overlap may
exist between the two conditions. The added value of contrast
enhancement may be limited and may not improve the confi-
dence of the radiologic reading. Further work is warranted to
optimize a clinical algorithm for selecting the patients under-
going gadolinium administration, possibly including
precontrast imaging assessment in the algorithm.
Furthermore, substantial discordance on MRI readings exists
between well-trained radiologists. Additional work,
implementing artificial intelligence/machine learning ap-
proaches, is being sought to further analyze MRI images, ex-
tract radiomic features and explore the potential impact on the
reproducibility, confidence and overall accuracy of the quali-
tative reading.
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