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Quantification of fat content in lipid-rich myxoid liposarcomas with MRI:
a single-center experience with survival analysis
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Abstract
Objective To determine the fat content of myxoid liposarcomas (MLS) on MRI and to identify any association between lipid
content and survival.
Materials and methods The fat percentage of MLS diagnosed between January 2006 and December 2016 at a single institution
was assessed by two radiologists on preoperative MR images. A Cox proportional hazard model was used to determine any
association between tumor fat percentage and survival time. Tumor fat percentage was the single predictor in the model. A
significance level of 0.05 was used. The Kaplan–Meier estimator was also used to provide a nonparametric estimate of the
survivor function within the entire sample and within two patient subgroups consists of lipid-rich and lipid-poor tumors. Lipid-
rich tumors were defined as any tumors showing more than 20% of fat on MRI. A 20% cutoff was determined arbitrarily.
Results Of the 43 cases identified through retrospective review, 8 tumors demonstrated ≥10% fat on MRI, and 4 tumors
demonstrated ≥20% fat (highest fat percentage, 38%). There was no significant survival difference between patients with high
tumor fat, which was defined as ≥20% fat, compared with those with little to no tumor fat.
Conclusion Myxoid liposarcomas may demonstrate a higher fat content on MRI than has previously been reported in the
literature. Increased tumor fat percentage in lipid-rich tumors was not found to be associated with increased risk of death.
Radiologists must be aware of the existence of MLS lesions with higher fat content.
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Abbreviations
MLS Myxoid liposarcoma
WDL Well-differentiated liposarcoma
ALT Atypical lipomatous tumor

Introduction

Liposarcoma is one of the most common soft-tissue sarcomas,
representing 50% of retroperitoneal sarcomas and 25% of

soft-tissue sarcomas of the extremities [1]. Initial classification
of liposarcomas included three major separate groups: myxoid
liposarcoma (MLS), pleomorphic liposarcoma, and well-
differentiated liposarcoma by Evans in 1979 [2]. The most
recent WHO classification also included dedifferentiated
liposarcoma as the fourth major group in addition to previous-
ly described three major groups [3]. Several other subtypes
that were not initially part of the WHO classification have
been described in the literature and some of these subtypes
can be difficult to diagnose [4, 5]. For instance, lipomatous
and lipoblast-rich MLS may demonstrate predominantly fatty
characteristics on biopsy specimens because of sampling er-
rors; pathology series have shown that the fat content of such
biopsy specimens can reach up to 80% [5]. A large series
reporting the fat content and percentage of MLS on MRI is
lacking. In the literature, it is suggested that the fat content of
MLS is typically less than 10% on radiological imaging [6, 7].
Therefore, if a lesion shows an unusually large amount of fat
on imaging, it may be erroneously identified by the radiologist
as a well-differentiated liposarcoma\atypical lipomatous tu-
mor (WDL/ALT) or dedifferentiated liposarcoma, and the
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sampling of fatty areas may then lead to further misdiagnosis.
We measured the fat content of MLS to show if our center’s
experience is compatible with the literature and if a fat content
of more than 10%, which is typically reported in the literature,
exists in these tumors. We also investigated the relation be-
tween fat content and survival. The increased amount of fat in
these tumors may reflect a better differentiation and may offer
a possible survival benefit; on the other hand, a round cell
component commonly seen in the fatty component of these
tumors may affect survival adversely.

Materials and methods

After institution review board approval, cases of MLSs diag-
nosed and archived in our institution’s anatomical pathology
database between 1 January 2006, and 31 December 2016
were reviewed. Cases of recurrent and metastatic lesions and
cases that did not have MR images available for review were
excluded. From the database, a total of 51 cases were identi-
fied after elimination of recurrent or metastatic lesions
(n = 11); 8 of these cases were excluded (4 were lacking
preoperative MRI, 2 had MRI that did not meet the criteria
for review, either not having T1-weighted fat-saturated/sup-
pressed images (n = 1) or the available T1 fat-saturated/sup-
pressed images did not include the whole tumor owing to data
loss (n = 1), and 2 were lacking clinical information). The
preoperative images of the remaining 43 cases were then
reviewed independently by a fellowship-trained musculoskel-
etal radiologist and a musculoskeletal radiology fellow
(Fig. 1).

T1-weighted and T1 fat-saturated/suppressed images were
used for calculation of fat content. Maximum tumor margins
and margins of areas showing T1 hyperintensity and sup-
pressed signal intensity with fat-sensitive sequences (with ei-
ther inversion recovery or frequency saturation) were mea-
sured using the freehand tool from each slice and multiplied
by slice thickness for every slice that included the lesion. Slice
thickness for T1-weighted images was 3 mm, without any
skip. For fat-suppressed images all of the sequences were
acquired with a slice thickness of 3 mm without any skip
except for three studies that included short tau inversion re-
covery (STIR) sequences with a slice thickness of 5 and a skip
thickness of 1 mm. For studies with a skip thickness, skip
thickness was added to slice thickness in each slice measured
(i.e., total thickness was calculated as 6 mm). For each case,
two reviewers determined the fat percentage of the tumor. If
the reviewers’ percentage assessments showed less than 5%
disagreement, an arithmetic meanwas calculated and accepted
as the final fat percentage. If the reviewers’ percentage assess-
ments showed more than 5% disagreement, both radiologists
reviewed the images of both measurements and a consensus

fat percentage value was measured This last consensus per-
centage was used for statistical analysis. The date of diagnosis
and date of death or last follow-up were also recorded for each
patient.

A Cox proportional hazards model was used to determine
any association between tumor fat percentage and survival
time. Tumor fat percentage (as a continuous variable) was
the single predictor in the model. A significance level of
0.05 was used. The Kaplan–Meier estimator was also used
to provide a nonparametric estimate of the survivor function
within the entire sample and within lipid-rich and lipid-poor
patient subgroups.

Review of Anatomic Pathology Database 

between January 2006 to December 2016

N: 62

Recurrent and metastatic lesions n:11

N: 51

Lacking preoperative MR images n: 4, 

MR images that did not meet the criteria n: 2  

No clinical follow up available n: 2

Study Group

N: 43

Fig. 1 Flowchart showing the patient population and the patients
excluded
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Results

In the 43 cases included in the analysis, the percentage of
intralesional tumor fat on MRI ranged from 0 to 38% (mean:

5.2%, median: 0%). Approximately half of the patients had a
tumor with no discernible fat on MRI (n = 22), whereas the
other half had a tumor with at least some fat (n = 21). Eight
patients had tumors with fat content ≥10%, and 4 patients had

Fig. 2 a T1-weighted MRI of the left thigh lesion showing a large,
heterogeneous mass containing a large nodule medially (thin arrow)
and several smaller nodules laterally (thick arrow) showing T1
hyperintensity. b Short tau inversion recovery (STIR) image of the same
level with suppression of the T1 hyperintense signal of large nodule
medially (thin arrow) and several smaller nodules laterally (thick arrow),

proving the fatty characteristics. c H&E stain photomicrographs at medi-
um power demonstrates an almost pure round cell liposarcoma with
scattered adipocytes. d 400× H&E photomicrograph shows areas of an
almost pure round cell liposarcoma in detail with large nuclei in addition
to scattered mature-looking adipocytes
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tumors with fat content ≥20%. Fat percentages of 2 patients
with the highest fat percentage reached as high as 26% (Fig. 2)
and 38% (Figs. 3, 4) on consensus measurements.

For 93% of patients (40 out of 43), the tumor fat percentage
values from the two reviewers were within 5% of each other,

demonstrating good interobserver agreement (Fig. 5); howev-
er, the amount of disagreement between the reviewers in-
creased as the tumor’s fat percentage increased.

Tumors were grouped into two: those with fat percentages
higher than 20% and those with lower. A cutoff of 20% was

Fig. 3 a Axial T1-weighted MRI of a lower posterior thigh lesion
showing a large, lobulated mass containing areas of T1 hyperintensity
centrally (thin arrows). b STIR images with suppression of the T1
hyperintense signal in the area of interest (thin arrow), signifying fatty
characteristics. c Coronal T1-weighted MRI of the same lesion showing a
central area corresponding to the axial image (white star) in addition to

areas continuing with the central part more superiorly and showing the
same signal characteristics (thick arrow). d Signal loss with STIR images
showing fatty characteristics of the same areas in C (thick arrow andwhite
star)
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determined arbitrarily. Increases in tumor fat percentage were
found to be associated with increases in the risk of death
(hazard ratio for each 1% increase in tumor fat: 1.07), but this
result was not statistically significant (p = 0.073; 95% confi-
dence interval: 0.94, 1.14). Figure 6a shows an estimate of the
probability of survival as a function of time after diagnosis
across the entire sample. In subgroup analysis, survival was
worse among patients with tumor fat >20% (n = 4) than
among patients with tumor fat ≤20% (n = 39; Fig. 6b).

Discussion

Myxoid liposarcoma is one of the most common adult soft-
tissue sarcomas and represents one-third to one-half of all
liposarcoma cases [8]. MLS has a predilection for the lower
extremity and most frequently manifests as a multinodular

gelatinous mass [9, 10]. The most recent World Health
Organization classification of soft-tissue liposarcomas de-
scr ibed four major groups : wel l -d i f fe ren t ia ted ,
dedifferentiated, myxoid, and pleomorphic [3, 4].

The typical histological appearance of MLS is spindle cells
in a myxoid stroma with a prominent vascular pattern [2, 5].
Several other morphological types with different histological
patterns have been described, including lipomatous, lipoblast-
rich, traditional round cell, pseudoacinar, stromal
hyalinization, cord-like, nested, chondroid metaplasia, and,
hemangiopericytoma-like [5]. MLS can also display a wide
range of fat maturation, ranging from lipoblasts to mature fat
[2]. The presence of some amount of fat is quite variable in
MLS, occurring in 42–95% of cases [10–12]. Because of this,
biopsy specimens from the lipid-rich parts of the tumor may
be misdiagnosed as atypical lipomatous tumors, which could
delay the correct diagnosis, surgery, and treatment [5]. The fat

Fig. 4 a H&E stain photomicrographs at low power demonstrate that
most of the biopsy had a lipomatous appearance reminiscent of lipoma
or atypical lipomatous tumor. b ×400 H&E photomicrograph showing
well-differentiated lipoma-like/atypical lipoma-like morphology. c Low

power photo of the area of transition from more lipoma-like (upper right
corner) to more myxoid liposarcomatous areas (lower right). d Medium
power view of the area showing pure myxoid liposarcomatous areas
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content of MLS on MRI studies has been reported only in
small case series and case reports; previous studies have sug-
gested that the fat content of these tumors on imaging studies
should be less than 10% of the total tumor volume subjective-
ly [6, 7].

Magnetic resonance imaging is the preferred imaging mo-
dality for cases of MLS [13, 14]. On MRI, the tumor appears

as a well-defined multilobulated heterogeneous mass showing
varying components with differing imaging characteristics
consistent with its pathology [15]. Its myxoid component ap-
pears low density on computed tomography (CT) and T2 hy-
perintense and T1 hypointense on MRI; this component en-
hances on contrast-enhanced studies [13, 16]. The fatty com-
ponent appears T1 hyperintense with suppressed signal on fat-
suppressed sequences. Fat content is not always visible on
MRI even when present in biopsy material [13]. In our series,
18.6% of the all cases (8 out of 43) showed fat content more
than or equal to 10% of the total volume and in addition 9.3%
of cases (4 out of 43) showed fat content more than or equal to
20% and these values are higher than those typically reported
in the literature. These lipid-rich liposarcomas may be com-
mon, as suggested in the literature. Some radiological signs
such as large tumor size (> 10 cm), deep location, irregular
margins, lack of lobulations, and presence of thick septa (>
2 mm) are reported to be associated with high-grade MLS.
Some specific features were reported to signify a worse prog-
nosis [17]. Fat content and its effect on survival, however, was
not previously reported in MLS.

Imaging characteristics reported in the literature that signi-
fy survival favorably include the presence of thin septa and
tumor capsule, and the absence of pronounced enhancement.
Pronounced peripheral enhancement and globular or nodular
enhancement were associatedwith a higher rate of malignancy
and poor survival [17, 18]. The latter enhancement patterns
are believed to depict the round-cell, high-grade component of
the tumors [17]. The presence of >5% nonfatty, nonmyxoid
enhancing components has also been shown to be a good

Fig. 6 a Kaplan–Meier estimate of the survivor function among 43
patients with myxoid liposarcomas (solid line). Censored observations
are marked by vertical bars on the curve. Dotted lines represent 95%
confidence intervals. b Kaplan–Meier estimate of the survivor function

among 39 patients with tumor fat <20% (gray line) and 4 patients with
tumor fat ≥20% (black line). Censored observations are marked by
vertical bars on the curves

Fig. 5 Agreement between the two reviewers’ assessments of tumor fat
percentage. The reviewers’ values were within 5%of each other for 40 out
of 43 patients (points between the dotted lines)
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predictor of high-grade liposarcoma, correlating with round-
cell clusters on histopathological analysis [19]. Our study
showed that a higher fat content on MRI in these tumors
may predict poorer survival; however, this finding did not
reach statistical significance.

Mature fat content could be taught to represent better dif-
ferentiation and as such better prognosis in MLS tumors and
better survival with a higher fat component may appear more
plausible; however, there could be several explanations for a
possible worse prognosis in these patients. Although some
tumors could be lipid-rich, it is important to know that the
fat component does not represent largest part of the lesion.
Areas showing fat characteristics on MRI may contain
lipoblasts and perivascular round cells, which was previously
associated with more aggressive behavior [17]. Also, we
should keep in mind that previously, myxoid and round-cell
liposarcomas were considered distinct histological subtypes.
However, the WHO Classification of Soft-Tissue Tumors has
now combined these lesions as MLS, representing a continu-
um of these previous two subtypes [4]. The latter histology,
round-cell liposarcoma, could be a prominent component in
lipid-rich tumors, explaining the poorer survival.

The main limitation of this study is the retrospective nature
of the study. Also because of the retrospective nature of the
study, there was no standardization across the MRI studies of
all cases ofMLS.We tried to overcome this by reviewing each
study for quality. The limited number of lipid-rich tumors is
another limitation; however, this limitation can be addressed
by multicenter studies in the future.

In conclusion, the fat content of MLS on MRI could be
greater than that typically reported in the literature.
Radiologists must be aware of the existence of lipid-rich
MLS lesions and should include MLS in their differential
diagnosis of lipid-rich tumors so that they can avoid
misdiagnosis.
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