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1 Introduction

Extraskeletal osteosarcoma (EO) is a malignant mesenchymal neoplasm characterized
by the production of osteoid tissue without connection to the skeletal system (1). EO is rare
and accounts for approximately 6% of all osteosarcomas. EO frequently occurs in middle-
aged and older individuals in the lower extremities and retroperitoneum (1). Recently,
Sapiano et al. reported a case of primary retroperitoneal EO with extensive calcification (2).
Although they differentiated retroperitoneal EO from cystadenocarcinoma and
gastrointestinal stromal tumors, there are other retroperitoneal tumors showing
calcification, which include liposarcoma, undifferentiated pleomorphic sarcoma,
rhabdomyosarcoma, and neurogenic tumors (3). Among these tumors, in our opinion,
dedifferentiated liposarcoma (DDLPS), especially with osteosarcomatous elements, may
involve a critical differential diagnosis, as both EO and DDLPS share not only the clinical
presentation but also the imaging and pathology profile. In this paper, we aim to highlight
that DDLPS and EO both have similar features, including clinical features, imaging, and
histopathology. In addition, we discuss their treatment and prognosis.

2 Discussion

A case series revealed a median age of 58 years for patients with EO, with a male-to-
female distribution of 59:41% (4). Additionally, 80% of the tumors were deep tumors, with
a median maximal diameter of 8.5 cm; these tumors most frequently affected the thigh (4).
DDLPS is a subtype of liposarcoma, with a median patient age of 64 years and a male-to-
female sex distribution of 65:35% (5). The tumor size is greater than 10 cm in 60% of cases,
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most frequently affecting the retroperitoneum, which is correlated
not only with shorter overall survival (OS) but also with
dedifferentiation from atypical lipomatous tumor/well-
differentiated liposarcoma (ALT/WDLPS) (5, 6). Approximately
5-10% of patients with DDLPS show heterogeneous differentiation
(6), with the most common differentiation being related to
myogenic and osteosarcomatous/chondrosarcomatous elements
(6). The clinical features of EO and DDLPS may be similar.

Regarding the imaging features, although DDLPS is termed as a
liposarcoma, approximately 70% of cases show no fat component
(7) suggesting that even with retroperitoneal occurrence, it is almost
impossible to suspect DDLPS without an ALT/WDLPS component.
On the other hand, the MRI features of EO are characterized as
necrotic changes in 97%, hemorrhagic changes in 38%, and
heterogenous T2 (varying degrees) in 100% of cases (8);
surprisingly, the corresponding percentages for DDLPS are 72%,
41%, and 95%, respectively (7), suggesting a great overlap of these
features. Conversely, calcification was seen in only 60% of cases
with EO, and the volume of calcification was less than 10% of the
whole tumor in approximately 70% of cases, suggesting that massive
calcification may be rare (8). In EO, the presence of calcification is
associated with a worse prognosis (8); however, in cases of
retroperitoneal DDLPS, the presence of calcification was
correlated not with OS but with local recurrence-free survival
(LRFS). Interestingly, a retroperitoneal location in DDLPS with
calcification was related to LRFS only, and not to OS or distant
metastasis-free survival (9).

Next, concerning the histopathology, DDLPS and ALT/WDLPS
both share the characteristics of high amplification in the 12q14-15
chromosomal region, including MDM2 and CDK4, which
represents a great advantage for establishing the correct diagnosis
using immunohistochemistry (IHC) and fluorescence in-situ
hybridization (FISH) (10, 11). The sensitivity of MDM2 and
CDK4 amplification in IHC was reported as 100% and 83%,
respectively (11). On the other hand, the specificity of MDM?2
and CDK4 was relatively low, as some sarcomas, including
myxofibrosarcoma and undifferentiated pleomorphic sarcoma,
also show positivity (11). The utility of p16 in combination with
MDM?2 and CDK4 was proposed to increase specificity (11).
Interestingly, 30-40% of EO cases were positive for both MDM?2
and CDK4 across staining methods. MDM2 FISH is useful in
DDLPS, and its sensitivity is more than 90% (8); however,
MDM?2 amplification is also observed in more than 30% of EO
cases (12). Although Special AT-rich binding protein-2, an
osteoblastic marker, is helpful in the diagnosis of EO (1), it is
currently unknown how useful these markers are in differentiating
DDLPS, especially DDLPS with osteosarcoma-like elements. In
addition, calcification may also be observed in malignant
peripheral nerve sheath tumors, and deletion of H3K27me3 is a
useful marker. Unfortunately, deletion of H3K27me3 can also be
observed in EO, although to a lesser extent than that of MDM2 (12).
Considering the overlap of these markers between EO and other
sarcomas, it can be speculated that EO is a heterogeneous disease
containing several subsets with distinct clinicopathological and
molecular features. To overcome such diagnostic difficulties and
to elucidate the nature of the disease in EO from the perspective of
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molecular pathological features, genomic and transcriptomic
analyses using RNA sequencing and next-generation sequencers
are being conducted in osteosarcoma, which is considered to be
essentially the same as EO (13, 14). By extracting RNA from
osteosarcoma and simultaneously collecting samples from normal
bone, it is possible to identify markers that are more specific to
osteosarcoma by comparing the gene expression of both. It is
necessary to analyze both significantly increased and decreased
gene expressions. Furthermore, pathways related to these genes can
also be elucidated (15). Identifying such markers and related
signaling pathways contributes to more accurate diagnosis and
potentially, to new therapeutic targets. In this analysis, reference
samples are extremely important, and their quality must also be
ensured (16). Genomics can provide very precise information and
help differentiate these cancers (17). If such analyses progress in EO
as well as osteosarcoma and novel and new target molecule will be
discovered, it may clarify not only the diagnosis of EO but also the
similarities or differences between EO and osteosarcoma.

Finally, the prognosis of EO still remains poor, with a reported 5-
year OS rate of 37-52% (1). The main treatment strategy is surgery, and
RO surgery is associated with better OS and lower recurrence (4). On
the other hand, tumor depth and maximal diameter, which have been
reported as prognostic factors (4), may be involved in retroperitoneal
tumors. Considering these situations, the development of adjuvant
therapy in EO is urgent; unfortunately, the efficacy of chemotherapy in
EO has been limited, suggesting routine chemotherapy is not
recommended for patients with localized EO (18). On the other
hand, regarding the differences in chemotherapy regimens, the 5-year
disease-free survival when using osteosarcoma-type chemotherapy was
56.3%, which is higher than the 45.2% of soft tissue sarcoma-type
chemotherapy (19). The efficacy for inoperable and metastatic cases,
such as the one reported by Sapiano et al. (2), also remains unclear.
Using radiotherapy for EO affects local recurrence but not OS (4).
Considering the resistance to radiotherapy observed in conventional
osteosarcomas, EO might show a behavior similar to that of soft tissue
sarcoma (4). Regarding chemotherapy for DDLPS, the use of
doxorubicin, either as a single agent or in combination with
ifosfamide, has been reported. Although the combination of
doxorubicin and ifosfamide was expected to have a clinical effect, it
exhibited no significant improvement in OS; moreover, side effects,
such as hematologic toxicity, were frequently observed (20). To
overcome the limited efficacy, recently, clinical trials for MDM2- and
CDK4-targeting drugs have been conducted (20). If favorable results
are obtained, they are expected to be used for treating MDM2- or
CDK4-positive EO. The prognosis of both EO and DDLPS is poor, and
it is well known that a retroperitoneal origin often makes complete
resection difficult due to the presence of vital organs, such as the kidney
and intestinal tract. In this aspect, it is crucial for physicians to know
whether the efficacy of adjuvant therapy, including chemotherapy and
radiation, will remain clear.

In conclusion, this article focused on DDLPS, which is very
difficult to differentiate from EO from the clinical, imaging, and
pathological perspectives. Although EO is presumed to be a
“heterogeneous” condition, the analysis of further cases, especially
by genomics, may reveal details of its nature and correlations with
other types of sarcoma.
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