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Magnetic resonance imaging of trunk and extremity myxoid
liposarcoma: diagnosis, staging, and response to treatment
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Abstract
Myxoid liposarcoma (MLS) accounts for approximately 30% of all liposarcomas. The majority are intermediate-grade tumours,
but the presence of >5% round cell component renders it a high-grade sarcoma with subsequent poorer outcome. MLS most
commonly arises in the lower extremities, has a predilection for extra-pulmonary sites of metastatic disease, and is recognized to
be radiosensitive. The purpose of the current article is to review the role of MRI in the management of MLS, including the
characteristic features of the primary tumour, features which help to identify a round cell component and thus determine
prognosis, the role of whole-bodyMRI for evaluation of extra-pulmonary metastatic disease, and the utility of MRI for assessing
treatment response. The MRI differential diagnosis of MLS is also considered.
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Introduction

Soft tissue tumours are sub-classified by the 2020 WHO
Classification of Soft Tissue and Bone Tumours into benign,
intermediate (locally aggressive), and malignant. Malignant
tumours of adipocytic origin include well-differentiated

liposarcoma (WD-LS) (NOS), myxoid liposarcoma (MLS in-
cluding round cell sub-type), dedifferentiated liposarcoma
(DD-LS), pleomorphic liposarcoma (PM-LS), and myxoid
pleomorphic liposarcoma (M-PM-LS) [1, 2].

MLS is differentiated from other liposarcomas based on a
variety of clinical and imaging features, including a relatively
lower age at presentation, a predilection for the lower limbs,
an unusual pattern of metastatic spread, and often quite spe-
cific MRI appearances. The purpose of the current article is to
review the role of MRI in initial diagnosis, whole-body stag-
ing, response to neoadjuvant therapy and assessment of local
and distant relapse based on a review of the current literature,
with extensive illustrations from our own institutional
experience.

Clinical aspects of myxoid liposarcoma

MLS is the second commonest sub-type of liposarcoma. In a
study of 12,370 soft tissue sarcomas (STS) presenting to a
single institution over a 10-year period, 1755 (14%) cases
were liposarcomas of which 444 (25.3%) were MLS (includ-
ing the round cell sub-type), all but 45 (10.1%) located in the
trunk or extremities [3]. Similarly, in a study of 2170 patients
extracted from the Surveillance, Epidemiology, and End
Results (SEER) database with primary extremity liposarcoma
diagnosed from 2004 to 2015, 711 (32.8%) were MLS [4].
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Lansu et al. [5] reported on 901 patients with MLS diagnosed
in the Netherlands from 1989 to 2016, of which 512 (57%)
were males and 389 (43%) females, the median age at diag-
nosis being 49 years (interquartile range: 38–62 years). Once
again, 815 (91%) cases involved the trunk or extremities, of
which 53 (6.5%) involved the upper limb, 577 (70.8%) the
lower limb (mainly the thigh), and 185 (22.7%) the trunk [5].
MLS tends to have an intramuscular or intermuscular location
as opposed to the subcutaneous soft tissues [6].

MLS is the commonest sub-type of liposarcoma occurring
in young patients. Alaggio et al. [6] reported on 82
liposarcomas in patients under 22 years of age, 56 (68.3%)
of which were typical MLS, 2 of which had a round cell (RC)
component and 6 further cases reported as ‘spindle cell MLS’.
In the study by Lansu et al. [5], 352 (39%) patients were aged
<40 years, while only 68 (7%) were > 70 years old.

MLS typically presents as a slow-growing, painless, deep
tumour in the lower extremity. Due to the lack of symptoms, it
tends to be relatively large at diagnosis with a median tumour
size of 12 cm [7]. Metastatic disease at diagnosis is reported in
6% of patients [5].

By comparison, retroperitoneal MLS is rare with only a
single case identified in a study of 131 primary retroperitoneal
sarcomas [8]. However, a further study of 19 retroperitoneal
liposarcomas identified 9 MLS, 2 of which had a round cell
component [9]. Due to its rarity, it is difficult to comment on
prognosis. However, it should also be noted that some authors
do not believe that primary retroperitoneal MLS exists and
that all such cases are metastatic [10].

Pathology of myxoid liposarcoma

Histologically, MLS is a multinodular tumour of low-to-
intermediate cellularity with a prominent myxoid stroma
which is rich in hyaluronic acid and has a characteristic plex-
iform vasculature (the so-called ‘chicken-wire’ vasculature).
The neoplastic cells are monotonous, small, and round to
ovoid. Lipoblasts are easily identified, but their identification
is not required for diagnosis (Fig. 1). Occasional metaplastic
cartilaginous and osseous elements can be seen, andmolecular
studies have shown that these components have the same mo-
lecular alterations as the liposarcomatous area [2, 11, 12].
High-grade MLS is defined as >5% of the tumour having a
round cell (RC) component [2]. This consists of hypercellular
areas with overlapping nuclei showing cells with round mor-
phology and a high nuclear/cytoplasmic ratio (Fig. 2) [13].
The myxoid matrix is reduced and the vasculature is covered
in these areas. It is important to distinguish the high-grade
component from the increased cellularity which is usually
present at the periphery of the tumour nodules, especially on
needle biopsy. The presence of a RC component is associated

with a greater risk of metastatic disease and an overall adverse
outcome [14, 15].

Immunohistochemistry is of no value in diagnosing this
neoplasm. The pathogenesis of MLS and its RC sub-type is
characterized by a translocation between chromosomes 12
and 16, resulting in the fusion of the DDIT3 gene on chro-
mosome 12 with the FUS gene on chromosome 16. In a
small number of cases, the EWSR1 gene on chromosome
22 can be involved, resulting in EWSR1-DDIT3 fusion [2].
Consequently, FISH assay with DDIT3 break-apart probe
is a sensitive and specific marker for MLS [16].

MLS is a radiosensitive tumour, the pathological re-
sponse including hyalinization, fibrosis, decline in cellu-
larity, and adipocytic maturation in the majority of cases
(Fig. 3) [17–19].

Fig. 1 H&E (200x magnification) showing a moderately cellular tumour
composed of relatively monomorphic ovoid cells embedded in a myxoid
stroma, with intervening branching capillary vessels. The tumour has a
lobular architecture, and increased cellularity is seen at the periphery of
the lobules, but these do not amount to a high-grade component

Fig. 2 H&E (200x magnification) showing a tumour composed
predominantly of undifferentiated round cells with large nuclei and
prominent nucleoli
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MRI features of myxoid liposarcoma:
the primary tumour

Table 1 summarizes the findings from several studies that
have compared the MRI appearances of various sub-types of
liposarcoma [20–22]. Barile et al. [20], El Ouni et al. [21], and
Wortmann et al. [22] showed WD-LS to be a predominantly
T1W high-signal intensity (SI) mass with low T1W SI septa.
However, MLS was mildly heterogeneous with predominant-
ly high SI on T2W images and isointense T1W SI compared
to skeletal muscle, with lacy/linear septa of fatty tissue
(Figs. 4, 5) [20–22]. El Ouni et al. [21] also demonstrated that
a small amount of fatty tissue producing a ‘marbled textural
pattern’ on T1W images was particularly prevalent inMLS, as

well as distinct non-lipomatous elements in high-grade
liposarcomas (RC-MLS and in 2 of 3 PM-LS). Overall, these
studies would suggest that MLS commonly has a characteris-
tic MRI appearance (Fig. 6), allowing a prospective MRI di-
agnosis in 78–95% of cases [23]. An additional MRI feature
which may suggest the presence of high-water content in a
superficial soft tissue mass is chemical shift artefact at the
lesion margin. This has been described with MLS (Fig. 7)
but is non-specific, being seen in a wide variety of superficial
non-neoplastic, benign neoplastic, and malignant neoplastic
lesions [24].

Sundaram et al. [25] describe 7 cases of MLS, MRI
showing the tumours to be encapsulated, non-infiltrating,
and usually septated. Most lesions were typically low-
intermediate SI on T1W images, with 5 lesions (71%) dem-
onstrating lacy, amorphous, or linear foci of hyperintensity
within a low SI mass considered to represent fat. Sung
et al. [26] described a spectrum of MRI findings in MLS
depending upon the relative amount of fat and myxoid
tissue, the degree of cellularity and vascularity, and the
presence or absence of necrosis. Most MLS contained lacy,
linear, or amorphous foci of fat (Figs. 4,5,6). Some ap-
peared cystic on non-enhanced MRI (Fig. 7), although they
enhanced like other solid masses on post-contrast imaging.
The enhancing areas within the tumour corresponded to
increased cellularity and vascularity (Fig. 8), while the
non-enhancing areas represented necrosis, reduced cellu-
larity, and accumulated myxoid material. Gadolinium-
enhanced MRI was highlighted for its importance in dif-
ferentiating MLS from benign cystic tumours. In this re-
spect, Lunn et al. [27] described the differentiating MRI
features between MLS (n = 16) and intramuscular

Fig. 3 H&E (200x magnification) showing a myxoid liposarcoma with
diffuse post-radiotherapy changes, including decrease in cellularity and
adipocytic maturation

Table 1 Literature summarizing
MRI features differentiating well-
differentiated liposarcoma/
atypical lipomatous tumour from
myxoid liposarcoma

Study (Ref.) No. of cases Description

MRI features of WD-LS/ALT

Barile et al. [20] 7 Predominantly homogenous fatty SI mass in all cases with
non-lipomatous T1W isointense and T2W hyperintense
SI septa ± nodularity

El Ouni et al. [21] 3 As above

Wortman et al. [22] 10 T1W hyperintense signal in 8; isointense in 2

T2W hyperintensity in all

MRI Features of MLS

Barile et al. [20] 9 Mildly heterogeneous, predominantly fluid SI mass. Fatty
SI septa/nodular foci appearing as lacy, linear, or
amorphous foci of fat in 6 cases

El Ouni et al. [21] 12 Mildly heterogeneous, predominantly non-fatty SI mass.
T1W ‘marble textured pattern’ in 9 cases

Wortman et al. [22] 28 Predominantly T1W isointense to skeletal muscle in all
cases and T2W hyperintense myxoid SI

Sundaram et al. [25] 7 Fatty SI septa/nodular foci which can appear as lacy,
linear, or amorphous foci
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myxomas (n = 8). MLS occurred in younger patients (mean
age 42.8 ± 16.3 years compared to 65.6 ± 10.4 years: p =
0.0015) and were larger (16.4 ± 8.2 vs. 5.6 ± 2.5 cm; p =
0.0015) and more commonly T1 hyperintense (p = 0.03),
with nodular enhancement (p = 0.006) and macroscopic fat
(p = <0.001) compared to myxomas. Of interest, this study
also found no differentiating features between MLS and
myxomas on 18F-FDG PET/CT.

MRI features which may have prognostic value in MLS
were the subject of several studies [28–30]. Tateishi et al.
[28] reviewed 36 patients with histologically confirmed
MLS, aiming to determine which MRI features best indi-
cated tumours with adverse clinical behaviour. MRI find-
ings that favoured a diagnosis of intermediate-grade or
high-grade MLS were larger tumour size (>10 cm)
(Figs. 9, 10), deep location, tumours with irregular con-
tour, the absence of lobulation, thin septa and a tumour
capsule, the presence of thick septa, a high-intensity signal
pattern, pronounced enhancement, and globular or nodular
enhancement. Univariate analysis showed that thin septa
(p < 0.05), presence of a tumour capsule (p < 0.01), and
pronounced enhancement (p < 0.01) were all significantly
associated with overall survival, while multivariate analy-
sis showed that pronounced enhancement was the most
significant adverse prognostic factor. Kuyumcu et al. [29]
undertook a study to determine the fat content of MLS on
MRI and to see if there was any association between lipid
content and survival. A lipid-rich MLS was arbitrarily de-
fined as one which had >20% fat content on MRI. Of the
43 case studies, 8 demonstrated ≥10% fat on MRI, and 4
tumours demonstrated ≥20% fat, the highest fat content
measured at 38%. There was no significant survival differ-
ence between patients with lipid-rich as opposed to lipid-

poor MLS. Crombé et al. [30] investigated the additional
value of radiomics to standard MRI assessment in MLS
with the aim of improving patient prognosis. A total of
35 patients with pretreatment contrast-enhanced MRI were
reviewed, and they concluded that adding selected
radiomics features that quantify tumour heterogeneity and
shape at baseline to conventional radiological analysis im-
proved the prediction of patient prognosis in MLS.

Table 2 highlights the differing MRI appearances of
MLS and MLS with a RC component. The latter is seen
in 9% of MLS, and patients with RC tumours are signif-
icantly older as compared to patients with intermediate-
grade MLS (median age 53 vs. 48 years, respectively;
p = 0.01) [5]. The strongest adverse prognostic factor in
MLS is the presence of a RC component comprising
>5% of tumour bulk. However, identification of RC-
MLS is underestimated on needle biopsy and following
neoadjuvant treatment [30]. Therefore, MRI features pre-
dictive of a > 5% RC component may be of value, as
while not affecting primary management, it does give
an indication of expectations for the future in terms of
the higher risk of developing metastatic disease. As such,
studies have also been undertaken with the aim of dif-
ferentiating low-grade from high-grade MLS, the latter
defined as having >5% RC component [31, 32].
Löwenthal et al. [31] evaluated 30 MLS, 19 of which
were diagnosed as low-grade and 11 high-grade. The
mean tumour volume of low-grade MLS (710.1 ±
960.1 cm3) was significantly smaller than high-grade
MLS (2737.0 ± 3423.7 cm3; p = 0.04). In addition to ne-
crotic areas, 3 distinct tumour components were evident
on MRI – fatty, myxoid, and contrast-enhancing non-fat-
ty, non-myxoid areas (Fig. 10). The mean fraction of

Fig. 4 A 47-year-old male presenting with a mass in the anteromedial
aspect of the distal left thigh. a Coronal T1W TSE, b coronal T2W FSE,
and c axial STIR MR images show a well-defined, lobular mass (arrows)
which is isointense to muscle on T1W and hyperintense on T2 and STIR.

The lesion contains thin mildly hyperintense septal fat on T1W
(arrowheads-a) and has a thin hypointense capsule with hypointense
internal septa on T2W and STIR. Histology confirmed myxoid
liposarcoma with no round cell component
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fatty tumour in low-grade MLS was 10 ± 11% compared
to 6 ± 4% for high-grade MLS (p = 0.66), while myxoid
components accounted for 88 ± 16% in low-grade MLS
compared to 45 ± 25% in high-grade MLS (p < 0.0001).
The non-fatty, non-myxoid tumour component was sig-
nificantly higher in high-grade MLS (50 ± 25%) as com-
pared to low-grade MLS (2 ± 9%; p < 0.0001). A propor-
tion of >5% of this tumour component was found to be
an accurate predictor for high-grade MLS with a sensi-
tivity of 100% and a specificity of 95%. A similar study
was undertaken by Gimber et al. [32], who assessed 31
patients with MLS (23 low-grade, 8 high-grade). All
high-grade lesions had lipid signal, a peri-tumoral

capsule and peri-tumoral contrast enhancement, and more
commonly exhibited heterogeneous SI (Figs. 9,10).
However, a mean size of ≥10 cm was the strongest in-
dependent indicator of high-grade MLS (odds ratio 14.6).
Solid appearing non-fatty/non-myxoid tissue should be
specifically targeted, possibly together with a more typi-
cal area of MLS at the time of needle biopsy to increase
the chances of diagnosing a RC component.

The MRI features of retroperitoneal MLS are identical to
extremity and trunk MLS, the tumour showing predominantly
fluid SI characteristics on T1W and T2W sequences, while
appearing more solid and heterogeneous in the presence of a
round cell component [9, 33].

Fig. 5 A 43-year-old male presenting with a mass in the lateral aspect of
the right proximal calf. a Coronal T1W TSE, b sagittal T2W FSE, and c
axial SPAIR MR images show a well-defined, elongated mass (arrows)
which is isointense to muscle on T1W and hyperintense on T2 and STIR.
The lesion contains thin septal fat on T1W (arrowheads-a) and has a thin
hypointense capsule with hypointense internal septa on T2W and SPAIR.

d Coronal T1W TSE, e sagittal T2W FSE, and f axial SPAIRMR images
obtained 3 months later following neoadjuvant radiotherapy which
resulted in a 74% volume reduction of the mass (arrows) with
maturation of the septal fat (arrowheads). Histology confirmed myxoid
liposarcoma with no round cell component

1967Skeletal Radiol (2021) 50:1963–1980



Patterns and detection of metastatic disease

Evidence of distant metastases at diagnosis ofMLS is reported
as being between 0.7 and 6% [6, 7, 11–14, 19]. However, this
is likely to be an underestimate since it was not based on
whole-body MRI, and it is recognized that metastases may
be clinically silent in many cases.

Patterns of metastatic spread/late recurrence in MLS have
been reported in several studies [34–39]. Pearlstone et al. [34]
reviewed 122 patients with intermediate-grade or high-grade
extremity liposarcoma of all sub-types, 102 patients (84%)

having MLS. Of these, 33 (27%) had distant recurrences of
which 31 (93.9%) were to extra-pulmonary soft tissue sites
and 2 were to the lung only. This differed significantly from
18 patients with PM-LS, 10 (55.6%) of whom had distant
recurrences with only 3 at extra-pulmonary sites and 7 in the
lung only. Estourgie et al. [35] identified metastatic disease in
22 of 128 (17.2%) patients with extremity liposarcoma of all
histological sub-types (49MLS) studied over a 20-year period
with a mean follow-up of 45 months. Of these, extra-
pulmonary metastases developed in 10 (45.5%), combined
pulmonary and extra-pulmonary metastases in 6 (27.3%),

Fig. 6 A 70-year-old female
presenting with a hugemass in the
right thigh with previous history
of femoral intramedullary nailing
for a diaphyseal fracture. a
Coronal T1W TSE and b coronal
STIR MR images from a whole-
body study show a large, poorly
defined, lobular mass (arrows)
which is predominantly isointense
to muscle on T1W and
heterogeneously hyperintense on
STIR. The lesion contains
multiple areas of nodular T1W
hyperintensity (arrowheads-a)
consistent with fat and also a left
iliac metastasis (thin arrows) as
well as a suspected left-sided
intra-abdominal soft tissue
metastasis (double arrow-b). c
Coronal CT of the lower abdomen
shows the fluid density intra-
abdominal mass (arrowhead), but
the left iliac blade lesion is not
evident (arrow). Histology from
needle biopsy confirmed myxoid
liposarcoma with no round cell
component
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and isolated pulmonary metastases in 6 (27.3%). Of the 16
patients with extra-pulmonary metastases, 13 (81.3%) were
MLS. Of the 49 patients with extremity MLS, metastases de-
veloped in 14 (29%), the commonest sites being the
retroperitoneum (n = 10; 71%) (Fig. 11), intra-abdominal ex-
trahepatic (n = 7; 50%) (Fig. 6), and spinal/paraspinal (n = 6;
43%) (Figs. 12,13). Only 3 patients were alive and disease-
free, all of these being from the sub-group of 10 patients with
only extra-pulmonary metastases (2 intra-abdominal and 1
retroperitoneal). Schwab et al. [36] investigated the incidence

and outcome of bone metastases in 230 patients with MLS, of
whom 40 (17%) developed skeletal metastases, comprising
56% of all metastatic lesions. Bone metastases were common-
ly identified early in the disease course, the commonest loca-
tion being the spine. From the time of first metastasis, the
median 5-year survival was 16%, 78% of patients having
high-grade MLS. The median overall survival for the high-
grade tumours was 55 months compared to 105 months for
low-grade cases. Asano et al. [37] reviewed 58 cases of MLS,
11 patients (19%) having metastases during their clinical

Fig. 7 A 26-year-old female presenting with a small mass in the posterior
aspect of the right thigh. a Coronal T1W TSE, b sagittal T2W FSE, and c
axial PDW FSE MR images show a small well-defined superficial mass

(arrows) which has no distinguishing features. Note the presence of
chemical shift artefact at the lesion margin. Histology confirmed myxoid
liposarcoma with no round cell component

Fig. 8 A 37-year-old male
presenting with a mass in the
posterior aspect of the distal thigh.
a Sagittal T1WTSE and b sagittal
fat suppressed post-contrast T1W
TSE MR images show a well-
defined oval mass (arrows) in the
popliteal fossa deep to the vessels.
The lesion has heterogenous
intermediate SI on T1W with a
small area of fat (arrow). The
lesion demonstrates
heterogeneous enhancement
following contrast. Histology
confirmed myxoid liposarcoma
with no round cell component
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course. Of these, 8 (73%) had extra-pulmonary metastases,
and 3 patients (27%) had pulmonary metastases. Patients were
further subdivided into 3 groups: those without metastasis,
those with extra-pulmonary metastasis, and those with pulmo-
nary metastasis. When the metastatic patterns were stratified
based on tumour size, there was statistical significance found

(p = 0.028) with the 8 cases having extra-pulmonary metasta-
ses all being >10 cm. Similarly, histological grade had a sig-
nificant impact on metastatic patterns (p = 0.027), the 3 cases
with pulmonary metastases all being high-grade MLS.
Therefore, large tumour size and low-grade histology were
significantly associated with extra-pulmonary metastatic

Fig. 9 A 55-year-old male presenting with a large mass in the right
popliteal fossa. a Coronal T1W TSE, b sagittal T2W FSE, and c axial
SPAIR MR images show a well-defined, lobular mass (arrows) which

shows markedly heterogeneous SI on all pulse sequences. Histology
confirmed myxoid liposarcoma with a round cell component

Fig. 10 A 24-year-old male presenting with a mass in the medial aspect
of the right distal thigh. a Sagittal T1W TSE, b coronal STIR, and c
sagittal fat suppressed post-contrast T1W TSE MR images show a
poorly defined, lobular mass (arrows) located between the femur and
the vastus medialis muscle. The lesion contains multiple areas on

internal T1W hyperintensity (arrowheads-a) and extensive areas of non-
fatty/non-myxoid tissue on STIR, showing heterogeneous enhancement
following contrast. Histology confirmed myxoid liposarcoma with a
round cell component
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spread. Dürr et al. [38] reported on 43 patients with MLS (25
thigh, 9 calf, 5 popliteal region, 1 foot, 1 upper arm, and 2
trunk), only 3 (7%) have metastases at the time of initial sur-
gery, and these were located in the retroperitoneum, lumbar
spine, and pelvic lymph nodes. Smolle et al. [39] identified
MLS as being the commonest soft tissue sarcoma to metasta-
size to the retroperitoneum or abdomen; this is seen in 12.1%
of cases.

Specific sites of metastases in MLS have been identified in
numerous cases reports, including the skeleton (Figs. 14,15)
[40, 41], the skull base [42], the heart [43] and pericardium
[44, 45], the breast [46], pancreas [47], thyroid gland [48], and
peritoneum [49]. The median time from diagnosis of the

primary tumour to a developing new metastatic disease is
around 2–3 years [15, 50], although there are many reports
of late metastatic events, for example, 16 years [45].

The imaging features of metastatic MLS have been the
subject of several reports [51–53]. Sheah et al. [51] described
the MRI, CT, and FDG-PET features of 23 histologically
proven metastases in 12 patients with MLS, although by im-
aging criteria, there were 41 metastatic deposits. The mean
time from diagnosis to first metastasis was 4.4 years. Two-
thirds of patients had bone and soft tissue metastases (Fig. 15),
33% lung metastases, 33% liver metastases, 25% intra-ab-
dominal, and 16% retroperitoneal metastases. CT demonstrat-
ed well-defined lobular masses with soft tissue attenuation in

Table 2 Literature summarizing
differing MRI appearances of
myxoid liposarcoma and myxoid
liposarcoma with a round cell
component

Features of MLS Features of MLS+round cell component

Younger patient age (median 48 years) [5] Older patient age (median 53 years) [5]

No significant non-myxoid areas [20–22, 31] Separate areas of necrosis, fatty, myxoid, and contrast
enhancing non-fatty, non-myxoid areas [31]

No peri-tumoral enhancement [28] Peri-tumoral capsule and contrast enhancement [28, 32]

Mean size <10 cm [28] Mean size >10 cm [28, 32]

Fig. 11 A 30-year-old female
presenting with a left abdominal
mass and a previous history of
myxoid liposarcoma of the calf 1
year earlier. a Coronal T1W TSE,
b sagittal T2W FSE, and c axial
SPAIR MR images show a large,
lobular, haemorrhagic left
retroperitoneal mass (arrows) and
bone metastases (arrowheads) in
the iliac blades. d Axial CT study
shows the soft tissue mass (arrow)
but the bone lesions (arrowhead)
are not identified. Resection of the
retroperitoneal mass confirmed
metastatic myxoid liposarcoma
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all cases (Fig. 11d), without a macroscopically evident fat
component. In the cases of bone metastases, CT showed
mixed lytic and sclerotic foci, with bone destruction in ad-
vanced cases. MRI demonstrated fluid SI (Figs. 14,15) with
mild heterogeneous enhancement in soft tissue metastases,
while bone metastases showed marked heterogeneous en-
hancement. FDG-PET showed no significant FDG uptake

for all metastases. Noble et al. [52] described the features of
bone metastases in 8 patients with MLS, this representing
4.3% of their study population. All were identified on MRI,
while bone scintigraphy was negative in 2 of 4 cases (Fig. 16),
CT was negative in 6 of 7 cases (Figs. 6c, 11d, 12d, e), and
radiographs were negative in 4 patients. They concluded that
when investigating patients with MLS for bone pain, negative

Fig. 12 A 72-year-old female presenting with a mass in the posterior
aspect of the left lumbar region. a Sagittal T1W TSE, b sagittal STIR,
and c axial T2W FSEMR images show a large poorly defined deep mass
(arrows) which is eroding bone and extending into the spinal canal. A

focal marrow lesion (arrowheads-a, b) is present in T10. d Sagittal and e
axial CT images show no lesion at the T10 level (arrows). Histology
confirmed myxoid liposarcoma with no round cell component
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radiographs and bone scans do not rule out bone metastases.
Schwab et al. [53] reported specifically on their experience of
spinal metastases in MLS, identified in 33 of 230 (14.3%)
cases. Of these, 29 were symptomatic while in 4 cases, the

spinal lesion was an incidental finding. A total of 17 patients
had >1 spinal region involved, the commonest site of metas-
tasis being the lumbar spine (Fig. 13) (n = 23), followed by the
thoracic spine (Fig. 12) and sacrum (Fig. 16) (n = 19 and 8,

Fig. 13 A 26-year-old male presenting with a sternal mass having been
treated for myxoid liposarcoma of the right thigh 1 year previously. a, b
Coronal STIR MR images from a whole-body MRI study demonstrate
lesions arising from the right lower sternum with soft tissue extension
(arrow-a) and from the right side of the L5 vertebral body (arrow-b). Post-

treatment changes are noted in the medial right thigh (arrowheads-b). (c)
Sagittal T1W TSE MR image confirms marrow replacement (arrow) in
the right posterior L5 vertebral body extending into the pedicle and L5-S1
foramen. Biopsy of the parasternal mass confirmed metastatic myxoid
liposarcoma

Fig. 14 A 31-year-old male presenting with right upper arm pain and a
previous history of high-grade myxoid liposarcoma of the right thigh 2
years earlier. a AP radiograph of the right shoulder shows an aggressive
lytic destructive lesion (arrow) in the proximal humeral metaphysis. b

Coronal T1W TSE and c axial SPAIR MR images show a lobular fluid
SI lesion (arrows) in the proximal humeral metaphysis consistent with a
metastasis. Biopsy proven myxoid liposarcoma metastasis
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respectively) and least commonly the cervical spine (n = 4).
The epidural extension was seen in 16 cases. Compared to
MRI, spinal metastases were detected on bone scintigraphy

in 16% of patients and by FDG-PET in 14% of patients. The
relative insensitivity of CT and scintigraphy, including FDG-
PET, compared to MRI, has been noted in several other

Fig. 15 A 61-year-old male with
a history of myxoid liposarcoma
of the right lower leg 4 years
earlier. a Coronal T1W TSE, b
coronal STIR, and c, d axial
SPAIR MR images show
multifocal fluid SI bone (arrows)
and soft tissue (arrowheads)
lesions consistent with myxoid
liposarcoma metastases

Fig. 16 A 50-year-old female
presenting with right buttock pain
and a previous history of myxoid
liposarcoma of the right thigh 4
years earlier. aCoronal T1WTSE
MR image shows marrow
infiltration in the right sacral ala
(arrow) with extra-osseous
extension (arrowhead). b Whole
body bone scan shows subtle
increased activity in the right
sacroiliac joint region
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reports [40, 41, 53–55]. Most recently, Mujtaba et al. [56]
reviewed the literature with regard to imaging features of skel-
etal metastases from MLS. They suggested that skeletal stag-
ing should be considered in MLS, due to the relatively high
incidence of bone metastases reported in the literature.
However, it should be noted that the rate of metastatic disease
at presentation is low, and the relatively high rate of incidental
findings onWB-MRI in the young adult population will result
in further imaging studies for clarification [57], which contrib-
utes to patient anxiety.

Whole-body MRI for distant staging

MLS is unique regarding its unusual pattern of metastatic
spread, including extra-pulmonary sites in addition to skeletal
deposits. Jagannathan et al. [58] stated that osseous metastases
although easily identified by MRI are difficult to diagnose on
CT and PET-CT secondary to the lack of significant osseous
destruction and prominent myxoid matrix leading to reduced
FDG avidity. Therefore, whole-bodyMRI (WB-MRI) has been
investigated for staging of patients with extremity MLS by
several authors [50, 59–61]. Stevenson et al. [59] reviewed
the efficacy of WB-MRI in 28 patients with MLS treated be-
tween 2007 and 2015. All patients had CT studies performed
which were compared to 33 WB-MRI studies, and 38 metasta-
ses were identified in 7 patients by WB-MRI. Osseous lesions
were most common, involving the spine, pelvis (Fig. 6), chest
wall, and long bones, followed by soft-tissue and abdominal
metastases. Of the 29 bone or soft-tissue metastases that were
within the field-of-view on CT, 5 soft-tissue and 0 bone metas-
tases were identified. Metastatic disease was detected in 3 pa-
tients purely on WB-MRI which directly influenced manage-
ment. Based on these findings, they suggested that WB-MRI
should be used in two situations: firstly, at diagnosis where
ablative treatment such as amputation would be required for
cure but the diagnosis of occult metastases would change treat-
ment and secondly at the diagnosis of recurrence to determine if
it is a solitary site prior to consideration of metastasectomy.
Gorelik et al. [60] undertook a retrospective review of all pa-
tients with MLS who underwent WB-MRI for initial staging
and routine follow-up between 2006 and 2016. A total of 33
patients with a total of 150 WB-MRI examinations were
reviewed. Nine patients (27%) were diagnosed with metastases
at a median time of 10 months (range 0–60 months) from di-
agnosis of the primary tumour. The initial site of metastasis was
extra-pulmonary in all cases, with only 2 patients who devel-
oped pulmonary metastases diagnosed on chest CT 9 and
29 months after the diagnosis of extra-pulmonary metastases.
The first metastasis was diagnosed by WB-MRI in 7 patients
(78%), by chest CT in 1 patient, and by abdominal CT in 1
patient. Eight of 9 patients (89%) were asymptomatic at the
time of diagnosis of metastases, while in 7 patients (78%),

WB-MRI demonstrated metastases included within the field
of view of but occult on a contemporaneous CT scan. Gouin
et al. [50] undertook a study aimed at describing metastatic
patterns on WB-MRI and outcomes in 45 patients with trunk
and extremity MLS. Initial WB-MRI was performed within 6
months following the first treatment and then annually. At final
follow-up, 10 patients (22.2%) had an extra-pulmonary soft-
tissue, or/and bone metastasis is identified at a median time of
22.7 months (range 0–49 months) from diagnosis, of whom 9
were asymptomatic. All patients with metastases had multiple
lesions within a year following diagnosis of MLS. Finally,
Chien et al. [61] described their experience of 9 patients with
MLS diagnosed from 2012 to 2018 who underwent WB-MRI.
The focus of their studywas to show that STIR sequences alone
were adequate for demonstrating metastases (Fig. 13), poten-
tially resulting in significant time-saving. As with other studies,
the failure of CT to identify bone metastases was noted.

Therefore, it would appear reasonable from the above data
to perform WB-MRI for the initial staging and subsequent
surveillance of patients diagnosed with MLS. However, it is
questionable whether the identification of asymptomatic met-
astatic disease will alter management, and it may be a more
pragmatic strategy to perform WB-MRI in patients who have
been diagnosed with bone metastases to fully stage the skele-
ton. It is also unclear whether WB-MRI can replace contrast-
enhanced CT of the abdomen and pelvis, which could be the
subject of further research.

MRI features of post-treatment changes

Both radiotherapy and chemotherapy are used in the manage-
ment of MLS [62–64]. Radiotherapy is used both pre- and
post-operatively for early-stage disease and for palliation of
metastatic disease. Chemotherapy is predominantly used for
palliation of metastatic disease. MRI has been used to assess
response to both treatment modalities.

Pre- and post-operative radiotherapy is commonly used in
the management of high-grade STS [65]. Treatment response
in terms of changes in tumour volume following pre-operative
radiotherapy and percentage tumour necrosis from resection
specimens has been described for all sub-types of STS [66,
67], as well as forMLS specifically [17, 19, 68]. Roberge et al.
[66] studied 50 patients with a variety of STS who all
underwent MRI before and after neo-adjuvant external beam
radiotherapy. Tumour volumes were measured on post-
contrast T1W sequences while pathological treatment re-
sponse was measured in terms of percentage of treatment-
related necrosis. The latter varied from 0 to 100%, the median
being 67.5% for low-grade STS and 50% for high-grade STS.
The median decrease in tumour volume was 13.8% for non-
myxoid low-grade STS, 82.1% for MLS (Figs. 5,17) and <
1% for high-grade STS. A partial response on MRI (volume
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reduction ≥50%) was highly predictive of a good pathological
response (p < 0.001), but patients with no volume reduction or
volume increase had wide ranging pathological responses. Le
Grange et al. [67] evaluated tumour volume changes after pre-
operative radiotherapy for 68 patients with borderline opera-
ble STS treated from 2004 to 2011. The median tumour size
was 12.5 cm and STS were located in the extremities (87%),
trunk (12%), and neck (1%). The commonest histological sub-
types were MLS (32%) and myxofibrosarcoma (16%). Post-
radiotherapy imaging was available in 55 cases. Tumour vol-
umes reduced in 80% of cases, the median reduction in max-
imal tumour dimension being 13.6% while the median reduc-
tion in tumour volume was 33.3% for all STS subtypes.
However, greater reductions were seen for MLS, with median
reductions for diameter and volume of 21.4% and − 64.2%,
respectively. Adipocytic maturation is seen in MLS following
radiotherapy as well as chemotherapy (Fig. 5) [14], and this
has been demonstrated on post-radiotherapy MRI using the
Dixon technique [69].

Turpin et al. [70] reported the case of a 63-year-old female
with a bulky primary MLS and metastatic disease treated with
trabectedin as first-line therapy, which resulted in calcification of
the primary tumour and the metastases. Crombe et al. [71] de-
scribed the phenomenon of MRI adipocytic maturation (MAM)
following chemotherapy for MLS. Of the 89 patients diagnosed
withMLS between 2008 and 2018, 28 were treated with chemo-
therapy, surgery, and radiotherapy. All patients underwent
contrast-enhancedMRI at baseline and follow-up andwere com-
pared with 13 patients with either PM-LS or DD-LS who were
treated identically. MAM was commoner in MLS (p = 0.045),
but not specific of any type of chemotherapy (p= 0.7). Of the 28
MLS patients, 14 demonstrated MAM, while 8 showed metasta-
tic relapses. MAM was not associated with metastatic relapse-
free survival (p= 0.9) but correlated strongly with the percentage
of histological adipocytic differentiation on resection specimens
(p< 0.001). They concluded that MAM was a neutral event fol-
lowing chemotherapy, and was not associated with improved
metastasis-free survival.

Fig. 17 A 59-year-old male
presenting with a mass in the
posterior aspect of the left mid-
thigh. a Coronal T1W TSE and b
axial PDWFSEMR images show
a well-defined, oval mass
(arrows) which is slightly
hyperintense to muscle on T1W
and hyperintense on PDW. c
Coronal T1W TSE and d axial
PDW FSEMR images obtained 4
months later after neoadjuvant
radiotherapy which resulted in
65% volume reduction of the
mass (arrows). Histology
confirmed myxoid liposarcoma
with no round cell component
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In the situation of incomplete surgical resection following
neoadjuvant radiotherapy, re-resection of the surgical bed is
usually undertaken at approximately 2 weeks. If further early
surgery is not felt to be indicated, then repeat MRI of the
surgical site should be undertaken to identify macroscopic
residual/recurrent disease and aid surgical re-resection if re-
quired. This could be delayed for 3–6 months to allow clearer
differentiation of residual/recurrent tumour from post-
operative changes, without compromising overall prognosis.

Differential diagnosis of MLS

As previously noted, the detection of a small amount of septal
or nodular fatty tissue within a tumour which has a predomi-
nantly myxoid matrix allows a prospective MRI diagnosis of
MLS in 78–95% of cases [23]. However, the specificity of

‘septal fat’ for a diagnosis of MLS has not been investigated.
A ‘cystic’ appearing lesion with the absence of any fatty tissue
(Fig. 7) or a purely solid appearing tumour (Fig. 18) has a wide
differential diagnosis. The differential diagnosis of ‘cystic’ or
‘myxoid’ extremity soft tissue masses has been described in
several review articles and includes non-neoplastic and benign
lesions such as soft tissue ganglia, synovial cysts/bursae, intra-
muscular myxoma, aggressive angiomyxoma, and benign
nerve sheath tumours that have undergone ancient change, as
well as sarcomas such as myxofibrosarcoma, low-grade
fibromyxoid sarcoma,myxoinflammatory fibroblastic sarcoma,
ossifying fibromyxoid tumour, extra-skeletal myxoid
chondrosarcoma, and myxoid leiomyosarcoma [72–75].
Harish et al. [76] reviewed 40 consecutive patients with ‘cyst-
like’ appearances on non-contrast MRI who had been referred
to a specialist musculoskeletal oncology service, 27 (67.5%) of
which were benign. Statistically significant MRI features

Fig. 18 A 26-year-old male presenting with a small mass in the medial
subcutaneous tissues of the left mid-thigh. a Coronal T1W TSE and b
sagittal T2W FSE MR images show a small intermediate SI mass
(arrows) in the subcutaneous fat of the medial left thigh with no
distinctive features. Histology confirmed myxoid liposarcoma with a

round cell component. The patient developed a new mass in the left
groin 4 years later. c Coronal T1W TSE MR image of the left groin
shows an intermediate SI mass (arrows) confirmed to represent
recurrent high-grade myxoid liposarcoma

Fig. 19 A 37-year-old female
presenting with a large mass in
the posterolateral subcutaneous
tissues of the left knee. a Coronal
T1W TSE and b axial PDW FSE
MR images show a well-defined
oval mass (arrows) which
contains linear and nodular areas
of fat SI (arrowheads-a), based on
which an imaging diagnosis of
myxoid liposarcoma was
suggested. However, resection
revealed a monophasic fibrous-
type high-grade synovial sarcoma
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favouring a diagnosis of malignancy included larger average
tumour dimension, larger greatest tumour dimension, and het-
erogeneity on T1W sequences. The commonest non-malignant
diagnoses were myxoma (n = 16) and ganglia (n = 8), while the
13 STSs included high-grade spindle cell sarcoma (n = 2),
myxofibrosarcoma (n = 5), low-grade fibromyxoid sarcoma
(n = 1), MLS (n = 2), undifferentiated pleomorphic sarcoma
(n = 2), and myxoid sarcoma unclassified (n = 1). Other soft
tissue sarcomas that demonstrate linear/septal fat SI on T1W
MR images can also mimic MLS (Fig. 19).

Conclusions

This article has reviewed the role of MRI in the initial diag-
nosis, staging, and subsequent management of MLS. MRI of
low-grade MLS commonly demonstrates classical appear-
ances while the presence of a RC component indicating
high-grade MLS can also be suggested. WB-MRI is of value
for identifying the unusual pattern of predominantly extra-
pulmonarymetastatic disease, particularly bony disease at pre-
sentation and follow-up, this beingmore sensitive for the iden-
tification of skeletal metastases compared to radiography,
scintigraphy, CT, and FDG-PET.
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