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Abstract Dedifferentiated liposarcoma can arise de novo or
as a complication of a preexisting well-differentiated
liposarcoma. We describe the radiologic and pathologic fea-
tures of a long-standing liposarcomawith multiple recurrences
in a 59-year-old male. Imaging demonstrated a heterogeneous
fat-containing mass in the anterior thigh. The adjacent proxi-
mal femur showed irregular cortical new bone, eventually
followed by intramedullary osteoblastic involvement and
pathologic fracture. Histologic assessment at resection re-
vealed dedifferentiated liposarcoma with low-grade
osteosarcomatous component. The patient subsequently de-
veloped metastatic lesions in the lungs containing osteoid
and osteoblastic bone metastases. We discuss the radiologic
and pathologic features of this rare entity that, to our knowl-
edge, has previously been reported to directly involve osseous
structures in only one other case and discuss the potential
pitfalls in diagnosis.
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Introduction

Liposarcoma is the most frequently encountered soft tissue
sarcoma [1]. The World Health Organization (WHO) divides
this tumor into two groups: atypical lipomatous tumor/well-
differentiated liposarcoma (ALT/WDL), which are classified
as intermediate (locally aggressive), and dedifferentiated
liposarcoma, myxoid liposarcoma, pleomorphic liposarcoma,
and liposarcoma not otherwise specified, which are classified
as malignant [1]. Of these, well-differentiated liposarcoma is
the most common subgroup; with 75% of these tumors occur-
ring in the deep muscles of the extremities and 20% in the
retroperitoneum [2]. Dedifferentiated liposarcoma is the third
most common subgroup accounting for 18% of all
liposarcomas, occurring three times more frequently in the
retroperitoneum compared to the extremities [2]. Well-
differentiated liposarcoma and dedifferentiated liposarcoma
affect men and women equally, with peak incidence in the
sixth decade [1]. Dedifferentiation of WDL is a well-
documented but unpredictable occurrence, arising in approx-
imately 10% of cases of well-differentiated liposarcomas;
however, the rate of local recurrence, disease-related mortali-
ty, and dedifferentiation are strongly influenced by the loca-
tion of the tumor [1, 2]. Rates of dedifferentiation of ALT/
WDL range from 6% in the extremity, 17% in the
retroperitoneum, to 28% in the groin [2]. Divergent
osteosarcomatous dedifferentiation has been reported, typical-
ly to high-grade osteosarcoma [3–6]. Low-grade
osteosarcomatous dedifferentiation has been infrequently re-
ported in the literature and even less frequently reported in
association with osseous structures, with only one other case
reported to our knowledge [7]. We present the radiologic and
pathologic findings of a long-standing ALT/WDLwhich, over
a 17-year timeframe, evolved into a dedifferentiated
l i posa r coma wi th low-g rade os t eosa r coma tous
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dedifferentiation and discuss the differential diagnosis of cal-
cification in association with soft tissue tumors.

Case report

Fig. 1 Axial T1-weighted MR image of the proximal right femur from
September 1998. High signal intensity mass is present anterior to the
proximal femur, consistent with a residual fat-containing neoplasm in this
post-operative exam. Of note, the adjacent cortex of the subtrochanteric
femur is normal
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Case report

A 59-year-old male was initially referred to our institution in
1998with a 2-year history of an enlarging right proximal thigh
mass. Pathology upon excision revealed an 18 × 18 × 7-cm
fat-containing mass, which microscopically showed sheets
of mature adipose tissue separated by fibrous stroma contain-
ing atypical, spindled nuclei. A diagnosis of ATL/WDL was
rendered. Post-operative MRI from September 1998 demon-
strates a small residual fat-containing mass adjacent to the
cortical surface of the subtrochanteric femur (Fig. 1).

In June 2002, at radical local resection of the proximal one-
fourth of the vastus lateralis and vastus intermedius, gross
pathology revealed two separate fat-containing masses mea-
suring 2.3 × 1.5 × 1.4 cm and 3.0 × 3.2 × 1.7 cm, respectively.
Histopathologic diagnosis of ATL/WDL was again rendered
similar to the prior excision. In addition, a fragment of bone
from the region of the greater trochanter was removed with a
histopathologic diagnosis of myositis ossificans. Notably, the
histopathologically diagnosed myositis ossificans was never
appreciated radiographically. Between 2003 and 2013 only
one follow-up radiograph was obtained and no CTs. Only
MRI follow-up was performed for this WDL without
suspected osseous involvement. MRI never identified soft tis-
sue calcification identified at resection by pathology. In retro-
spect, this may be due to the ease at which one may overlook a
small piece of bone or calcium byMRI because of its inherent
signal characteristics. Alternatively, it is possible that cortical

thickening appreciated on the surface of the femur beginning
in 2003 was not initially recognized for what it truly was—
tumor bone, and not heterotopic ossification (Fig. 2a–b).

The patient was followed closely by MRI from 2003 to
October 2006 where there was a slow increase in tumor size
and cortical new bone over that time course (Fig. 3).

In October 2006, the patient presented with intermittent
right thigh pain and underwent repeat excision. Pathology
revealed two separate fat-containing masses measuring 15 ×
7 × 4.2 cm and 9.0 × 5.8 × 1.6 cm, respectively. A fragment of
bone was resected in addition to the lipomatous tumor; how-
ever, based upon surgical and pathology reports. the site of the
resected bone is unclear. Margins were positive with a diag-
nosis of ALT/WDL and myositis ossificans. One year later, a
follow-up MRI demonstrated a residual or recurrent fat-
containing mass with involvement of the vastus lateralis.
The patient was without symptoms and elected for MRI ob-
servation from 2007 to 2012, even with persistent increase in
size of both the soft tissue mass and cortical new bone
(Fig. 4a–c).

In April 2014, the patient presented with a pathologic frac-
ture of the right femoral neck. Prior to presenting to the local
emergency department, the patient reported a 2-week history
of increased gluteal and trochanteric region pain. CT and ra-
diographs demonstrated a nondisplaced basi-cervical right
femoral neck fracture within an osteoid matrix forming right
proximal femoral lesion (Fig. 5a–c).

Preoperative MRI, obtained 2 days after the CT, demon-
strated an osteoid matrix-forming tumor involving the cortex
and medullary space of the right proximal femur (Fig. 6a–d).
The ossified component measured approximately 5.5 × 6.5 ×
13 cm. The soft tissue component in the proximal thigh in-
volved the vastus lateralis, vastus intermedius, and the distal
iliopsoas muscles. It was multilobulated and heterogeneous,
largely T1 hyperintense (Fig. 6a and b) with loss of signal on
the STIR (Fig. 6b) and fat-saturated sequences, with thick
septal enhancement (Fig. 6c) compatible with liposarcoma.
The soft tissue component measured approximately 11 ×
11 × 22 cm.

Biopsies were obtained of both the fatty and osseous com-
ponents of the apparently large contiguous mass. Microscopic
examination of the soft tissue and osseous components
showed a liposarcoma exhibiting low-grade dedifferentiation
(grade I-II) to include anastomosing trabecular-appearing
bone separated by a hypocellular spindle cell stroma consis-
tent with a variant of dedifferentiated liposarcoma exhibiting
heterologous osteogenic differentiation (Fig. 7a). The follow-
ing month the patient underwent radical resection of the femur
with placement of a custom megaprosthesis. Histopathologic
analysis of these specimens confirmed the presence of a
dedifferentiated liposarcoma with areas of low-grade dediffer-
entiation (Fig. 7b); amongst the areas of dedifferentiation,
there was mature woven bone trabeculae mostly without



osteoblastic rimming and intervening spindle cell stroma lack-
ing significant cytologic atypia.

In addition, molecular cytogenetic (fluorescence in situ hy-
bridization) studies were performed and amplification of the
MDM2 (12q15) and CDK4 (12q14) loci was detected in both
the liposarcomatous and osteosarcomatous components
(Fig. 8a–d). The salient cytogenetic feature of well-
differentiated liposarcoma is the presence of supernumerary ring
or giant rod-shaped chromosomes. Molecular studies have
shown that these aberrant chromosomes are composed mostly
of amplified 12q13∼q15 region to include most commonly the
MDM2 gene locus at 12q15, but often other genes localized
within this region such as CDK4 (12q14) are also co-amplified
[1]. Notably, parosteal and low-grade central osteosarcomas har-
bor similar genetic alterations (supernumerary ring chromo-
somes with corresponding MDM2 and CDK4 amplification [8].

At follow-up, CT imaging of the chest in October 2014
demonstrated two indeterminate pulmonary nodules, the larg-
est measuring 8 mm. The patient underwent CTof the chest in
January 2015, which showed an increase in size of the pulmo-
nary nodules, now containing ossification, concerning for os-
teosarcoma metastases. A CT-guided core biopsy was per-
formed. Histopathologic examination was limited due to the
small and fragmented nature of the involved portion of the
needle core biopsy; however, metastatic tumor could be ap-
preciated exhibiting greater intertrabecular cellularity and
pleomorphism than witnessed in the thigh specimen, consis-
tent with evolution to a higher grade of dedifferentiation.
Mitotic figures, however, were not identified. Follow-up ra-
diograph of the pelvis in August 2015 demonstrated new os-
teoblastic metastases in the bone and soft tissues of the pelvis,
all of which were concerning for progression of metastatic
disease.

Discussion

Dedifferentiation occurs in approximately 10% of well-
differentiated liposarcomas and can be low- or high-grade
[1]. Dedifferentiation in regards to a liposarcoma is defined
as a region of tumor that lacks lipogenic differentiation with
the degree of dedifferentiation based upon the cellularity,
atypia, and mitotic activity [4]. Greater than 65% of these
dedifferentiated tumors arise in the retroperitoneum while ap-
proximately 20% occur in the extremities. Dedifferentiation is
time-dependent; the longer left in situ, the more likely the
tumor will dedifferentiate with average time to dedifferentia-
tion of 7–8 years [1, 4]. These tumors behave aggressively,
with a local recurrence rate of 41%, metastasis rate of 17%,
and disease-related mortality rate of 28% [4, 5].

Fig. 2 a AP radiograph of the
right hip from February 2003
demonstrates focal areas of
cortical thickening at the lateral
margin of the proximal femur in
the subtrochanteric region. b
Axial T1-weighted MR image of
the right proximal thigh from
June 2003. High signal intensity
mass present anterior to the
proximal femur, consistent with a
fat-containing neoplasm. Mild
low-intensity thickening of the
adjacent cortex of the
anterolateral proximal femur in
the exact location of the residual
fatty tumor in 1998

Fig. 3 Preoperative axial T1-weighted MR image of the proximal right
thigh fromOctober 2006. High signal intensity mass is present anterior to
the proximal femur. The mass contains thick low-signal-intensity septae.
Increased bone formation along the anterolateral proximal femoral cortex
is seen
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Dedifferentiated liposarcomas may exhibit heterologous dif-
ferentiation in approximately 5–10% of cases to include
rh abdomyosa r coma tou s , l e i omyo sa r coma tou s ,
osteosarcomatous, and chondrosarcomatous elements [1, 9].
The osteosarcoma component in most dedifferentiated
liposarcomas has been described as high-grade with immature
osteoid, increased cellularity, and marked atypia often accom-
panied by brisk mitotic activity and/or necrosis (resembling
conventional osteosarcoma). Mature bone formation or
fibroosseous tissue histologically indistinguishable from low-
grade osteosarcoma (i.e., parosteal osteosarcoma or low-grade
central osteosarcoma) is much less common and in some re-
ports has been considered reactive or metaplastic in nature rath-
er than a true heterologous neoplastic component [10].

To our knowledge, only nine cases of liposarcoma with a
low-grade osteosarcomatous component have been reported
[3–6, 10, 11]; five of these cases were reported in the extrem-
ities but none were directly associated with osseous structures.
Of note, one case arising as a parosteal mass of the upper
humerus reported as a Bparosteal osteoliposarcoma^ com-
posed of closely intermingled low-grade osteosarcomatous
and well-differentiated liposarcomatous elements has been de-
scribed [7]. This lesion has features overlapping with the
above previously described cases lacking direct osseous in-
volvement and our current case, which initially arose in the
soft tissue without a heterologous osteosarcomatous compo-
nent. The liposarcoma was always closely applied to the peri-
osteal surface of the proximal femur and with disease

Fig. 5 aAP radiograph and b coronal oblique reformatted CT image [W:
1785 L: 343] of the right proximal femur of the right hip demonstrates a
large osteoblastic lesion of the right proximal femur with an associated
nondisplaced basi-cervical fracture of the femoral neck. The CT also
demonstrates a heterogeneous soft tissue mass immediately adjacent to

bone with both soft tissue and fat attenuation. c Axial CT image [W:
1785 L: 343] of the proximal right femur demonstrates the large
osteoblastic lesion involving the cortex and medullary space.
Heterogeneous adjacent soft tissue mass is also seen

Fig. 4 a Axial T1-weighted MR image of the right proximal femur from
October 2007. High signal intensity mass is present anterior to the
proximal femur. The mass contains thick low signal intensity septae.
Increased low signal intensity bone formation along the adjacent
anterolateral proximal femoral cortex is seen. b Axial T1-weighted MR
image of the right proximal femur from June 2009. Minimal change in

size of the proximal thigh fat-containing mass with adjacent cortical new
bone of the anterolateral proximal femur is appreciated. c Axial T1-
weighted MR image of the right proximal femur from June 2012 demon-
strates increased size of both the fat-containing mass and the amount of
cortical new bone of the proximal right femur
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persistence, disease recurrence and progression, the tumor
dedifferentiated, with a heterologous osteosarcomatous com-
ponent along the cortical surface and eventually extended into
the intramedullary proximal femur. The osteosarcomatous
component arose in the exact location of the longstanding
residual liposarcoma (dating back to 1998).

Calcification and ossification within a lipomatous tumor
is a documented occurrence and is most often the result of
fat necrosis within a lesion [7]. It is seen in greater asso-
ciation with dedifferentiated or malignant lesions. Bone
formation within soft tissues can also be seen in benign
processes such as myositis ossificans and benign fat-

Fig. 6 a Axial T1-weighted MR
image of the right thigh
demonstrates a large osteoid
matrix-forming component of the
tumor involving the cortex and
medullary space of the proximal
femur. In the adjacent soft tissues,
there is a multi-lobulated T1
hyperintense mass consistent with
fat-containing neoplasm. bCoronal
T1-weightedMR image of the right
thigh demonstrates the extent of the
osteoblastic and fat-containing
mass in the right proximal thigh. c
Coronal STIR image of the right
thigh demonstrates signal dropout
within the soft tissue mass,
confirming presence of fat. The
STIR image also demonstrates fluid
within the nondisplaced
basi-cervical pathological fracture
of the right femoral neck.dCoronal
contrast-enhanced T1-weighted
image with fat suppression
demonstrates enhancement of the
thick septations within the
fat-containing mass compatible
with liposarcoma

Fig. 7 a Right thigh biopsy (2014), anastomosing, woven bony
trabeculae. Between the trabeculae are mildly atypical spindle cells
separated by collagen fibers, consistent with a low-grade
osteosarcomatous component (H&E stain at ×100). b Soft tissue excision

(2014), transition between well-differentiated liposarcoma and foci with
fibroblastic spindle cells exhibiting mild-to-moderate nuclear atypia
consistent with low-grade dedifferentiation (H&E stain at ×100)
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containing lesions including conventional lipoma
(osteolipoma) [1, 12]. In the cases of osteolipoma, histo-
logically there is mature bone formation with osteoblastic
rimming [12]. In myositis ossificans, there is a character-
istic zonal maturation phenomenon with peripheral rim of
mature bone [13]. In contrast, the fibroosseous component
of the current case is morphologically indistinguishable
from a low-grade osteosarcoma. Moreover, it represents
the first case for which fluorescence in situ hybridization
(FISH) studies were successfully conducted (as portions of
the specimen were not subjected to decalcification solu-
tion, a known contraindication for nucleic acid studies)
confirming the presence of MDM2 and CDK4 amplifica-
tion not only in the adipose cells but also in the spindled
cells in the stroma between the bony trabeculae and the
osteocytes.

Collision tumor, or synchronous liposarcoma and
parosteal osteosarcoma, is another diagnostic consider-
ation. Collision tumors are neoplasms of the same organ

or anatomical location, which are comprised of at least
two different tumor components without mixed or tran-
sitional zone between the tumor components [14]. Given
the clinical history in our case of an originally adipose
only tumor with subsequent development of admixed
os teo id af te r de layed surg ica l in te rvent ion , a
dedifferentiated liposarcoma is more likely than collision
liposarcoma and osteosarcoma.

The presence of MDM2 and CDK4 amplification in
the osseous component would exclude the diagnosis of
myositis ossificans or other reactive process and further
supports the neoplastic nature of this heterologous low-
grade osteosarcomatous component [15]. These findings
also suggest that both the liposarcomatous and
osteosarcomatous elements arose from the same abnor-
mal clone and support the notion of a common primi-
tive mesenchymal cell progenitor with the ability to dif-
ferentiate or express features of more than one line of
mesenchymal differentiation.

Fig. 8 a , b MDM2-amplified cells, osteosarcomatous and
liposarcomatous components, respectively (the probe for the MDM2
locus is labeled in spectrum orange and the copy number control probe
for the centromeric region of chromosome 12 is labeled in spectrum

green). c , d CDK4-amplified cells, osteosarcomatous and
liposarcomatous components, respectively (similarly, the probe for
CDK4 is labeled in spectrum orange and the probe for the centromeric
region of chromosome 12 is labeled in spectrum green)
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