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Abstract

supports that DDCS can arise from an enchondroma.

A subtype of aggressive chondrosarcoma known as dedifferentiated chondrosarcoma (DDCS) accounts for about 10% of all
chondrosarcomas. The characteristic feature is a low-grade cartilaginous tumor juxtaposed with a high-grade sarcoma with a low 5-year
survival rate and a high local recurrence rate. With a 20% 2-year survival rate, DDCS typically strikes older men. There is currently
limited literature on the pathogenesis of DDCS, and more investigations are required to improve prognostic factors and treatment options.
Our case study’s subject is dedifferentiated chondrosarcoma (DDCS) arising from a single enchondroma. Although it is uncommon, the
malignant transformation of a single enchondroma has been documented. Our case already has a pre-existing enchondroma, which
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ABBREVIATION

Dedifferentiated chondrosarcoma (DDCS), Immunohisto-
chemistry studies (IHC), The European over 40 Bone Sarcoma
Study (EURO-B.0.S.S)

INTRODUCTION

Conventional chondrosarcoma accounts for nearly
90% of all chondrosarcomas. Besides DDCS, other types
of chondrosarcomas include clear-cell chondrosarcoma,
mesenchymal chondrosarcoma, juxtacortical chondrosarcoma,
and secondary chondrosarcoma [19]. Dedifferentiated
chondrosarcoma (DDCS) is a rare, highly aggressive tumor with
invasive behaviors and a poor prognosis. Dahlin and Beabout first
described DDCS in 1971 as a high-grade sarcoma adjacent to low
orintermediate chondrosarcoma with a sharp boundary between
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these two components [2]. The age of onset most frequently
ranges from 50 to 60 years old, with a slight predominance of
men, and the most involved sites are the femur, pelvis, and
humerus [15]. The dedifferentiated component may exhibit
numerous mesenchymal neoplasms with various features, such
as osteosarcoma, fibrosarcoma, and leiomyosarcoma, among
others [4]. DDCS exhibit aggressive behavior with a high local
recurrence rate leading to poor survival. DDCS accounts for
10% of chondrosarcomas, most commonly present in the mid-
50s, and carries a 2-year survival rate of 20% [2,3,4]. Due to
its rarity, there is limited literature regarding the prognosis of
DDCS. The preferred treatment remains surgical resection with
disease-free margins. However, approximately 27% of cases do
not have adequate surgical margins, with axial tumors exhibiting
an increase in inadequate margins compared to appendicular
lesions [4].

Although rare, the malignant transformation of an
enchondroma has been reported [19]. DDCS has demonstrated
a high local recurrence rate even after wide-margin surgical
resection, indicating that chemotherapy may also be required.
Further research and advancements are required to understand
the pathophysiology and treatment options for DDCS. We
present a case of dedifferentiated chondrosarcoma (DDCS) in a
52-year-old woman that developed from a pre-existing solitary
lower femur enchondroma, and we provide a brief review of the
literature.

CASE PRESENTATION

A 52-year-old woman presented to the ER with a lower femur
fracture resulting from a fall from the steps. Her family provided
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a history of biopsy diagnosed small enchondroma at the lower
end of the shaft of the femur four years before the current
presentation. Due to the small size of the benign enchondroma,
the patient was observed without specific treatment. The
patient or the family gave no other significant medical history.
X-ray of the lower femur at the current presentation showed a
pathological fracture through the enchondroma. At that time, the
fracture was corrected using an intramedullary retrograde rode
locked proximally and distally (Figure-1 A). Unfortunately, the
fracture did not heal, and the patient continued to have pain and
swelling with a rapidly growing mass at the fracture site. Physical
examination and lab tests proved an absence of inflammation.
Serial X-rays showed a non-healed fracture and significant
scalloped areas with cortical erosion. MRI confirmed a large
tumor mass at the fracture site measuring 8x4 cm with extension
into the surrounding soft tissue.

Microscopic examination of a biopsy taken from the mass
showed two distinct histologic components. One cartilaginous
component showed features of low-grade chondrosarcoma. The
second component showed features of high-grade malignant
neoplasm with pleomorphic and spindle cell features. There was
an abrupt demarcation between the two components (Figure
1 B,C,D). Immunohistochemistry studies (IHC) studies were
utilized for the definitive diagnosis of the non-cartilaginous
tumor component. The tumor was only strongly positive for
Vimentin, with focal positive staining with CD99 and S-100.
The tumor cells were negative for all standard markers for
hematologic, epithelial, neural, neuroendocrine, germ cells, or
specific mesenchymal differentiation. Molecular studies showed
genetic mutations in IDH1 and IDH2 in both the cartilaginous

and the non-cartilaginous components of the tumor. The
histomorphology, together with the IHC findings, were diagnostic
of dedifferentiated chondrosarcoma with malignant fibrous
histiocytoma (MFH) histomorphologic pattern.

A multidisciplinary tumor board meeting recommended
neoadjuvant chemotherapy and complete surgical resection
followed by adjuvant chemotherapy. The patient received a
modified protocol using cisplatin, doxorubicin, and ifosfamide.
Chemotherapeutics were administered as a single agent
sequentially and not in combination, followed by complete
surgical resection of the tumor and prosthetic knee joint
reconstruction. Pathologic evaluation of the resection revealed
a tumor mass of DDCS measuring 8 x 4 cm in size with a 70%
necrosis of the dedifferentiated component. The tumor appeared
to occur in the background of lobules of benign hyaline cartilage
encased by reactive bone and covered by perichondrium
consistent with surrounding enchondroma (Figure-1 E)

Postoperative adjuvant chemotherapy included doxorubicin,
cisplatin, and ifosfamide. The patient was monitored for
recurrence and metastatic disease with physical examination,
radiographic imaging, chest imaging, and whole-body bone
scans. She was followed for thirty-six months with no evidence of
recurrence or metastasis.

DISCUSSION

Cartilaginous tumors exist in benign or malignant forms.
Chondrosarcoma, the malignant form, is a heterogenous tumor
class that includes conventional, clear cell, mesenchymal, or
dedifferentiated types [14]. Dedifferentiated chondrosarcoma

Figure 1 X-ray of the pathological fracture and pathological examination of the tumor
1A: X-ray of the pathological fracture of the lower femur. The fracture is corrected using an intramedullary retrograde rode locked proximally and

distally

1B: Dedifferentiated chondrosarcoma showing cartilaginous and non-cartilaginous components with sharp demarcation (H &E stain X20)

1C: The non-cartilaginous component showing high-grade MFH-like histomorphology (H &E stain X60)

1D: The cartilaginous component showing malignant chondrocytes of low-grade chondrosarcoma (H&E stain X60)

1E: Lobules of benign hyaline cartilage encased by reactive bone and covered by perichondrium consistent with surrounding enchondroma (H &E

stain X20)
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(DDCS) is an uncommon and aggressive chondrosarcoma variant.
In 1971, Dahlin and Beabout were the first to characterize the
clinical and pathological aspects [5]. The characteristic histology
and radiographic features of DDCS include a biphasic tumor
comprised of conventional chondrosarcoma with an abrupt shift
to a high-grade mesenchymal component. The tumor cells in both
components seem to originate from a single precursor, but there
are a substantial number of genetic alterations in the anaplastic
component [12]. The potential for multiple differentiations of
precursor cells is supported by the fact that a mutated human
embryonic muscle cell line exhibits features of dedifferentiated
chondrosarcomas [12].

Despite aggressive multimodal therapy, dedifferentiated
chondrosarcoma has a significantly high mortality rate, with lung
metastasis being the most common cause of death [6]. Strotman et
al. analyzed 159 cases of DDCS (from 2001-2011) and concluded
that the overall prognosis of dedifferentiated chondrosarcoma
is poor, with a 5-year overall survival of 18%. Patients with a
primary tumor located in the chest wall had a better prognosis.
Tumors larger than 8 cm, with metastases at diagnosis, and
treatment without surgical resection were significant predictors
of mortality [13]. More recently, Gusho et al. analyzed 16 cases of
DDCS from 2000 to 2018 and reported that their findings confirm
the poor prognosis of DDCS patients, with a five-year estimate of
32%. They stated that with existing literature, their data might
help enable future strategic recommendations for these patients
[14]. In a study by Liu et al., they retrospectively analyzed twenty-
three patients with dedifferentiated chondrosarcoma confirmed
by pathology from 2008 to 2015. They concluded that axial
bone location, lung metastasis at diagnosis, inadequate surgical
margin, incorrect diagnosis before surgery, and pathological
fractures were related to poorer outcomes. They also concluded
that pre- or postoperative chemotherapy had no definitive effect
on improved survival [15]

Clinical presentations may include local edema, pain,
pathological fracture, and sometimes with acute disease
presentation [7,8]. Therefore, it is imperative to identify imaging
features of dedifferentiation underlying chondroid lesions.
Radiographs demonstrating aggressive osseous destruction
or cortical infiltration, large unmineralized soft tissue mass,
pathological fracture, areas with osteoid matrix, and rapid
progression were suggestive of dedifferentiation [11]. Many
studies based the radiographic diagnosis on the biphasic nature
of the tumor; however, in some large series studies, the tumor
showed a biphasic nature on only one-third of radiographs,
one-third of MRI images, and one-half of CT scans [15].
Documentation of various imaging features is crucial to help
guide the preoperative biopsy site or multifocal sampling atinitial
diagnosis because the dedifferentiated component determines
the growth of lesions, metastasis, and prognosis of patients [8].

The pathogenesis of DDCS remains unknown. Evidence now
suggests that DDCS has a monoclonal origin and splits into two
components with either chondrogenic or non-chondrogenic
origins. Differences in the growth rates of the two components
show that the divergence occurs late in the precursor cell.

The typical chondrosarcoma and the high-grade sarcomatous
components of DDCS include many genetic alterations. In most
DDCSs, genetic mutations in IDH1, IDH2, and COL2A1 are found
in both components. According to DNA studies, additional genetic
mutations, such as TP53 and RB, have been discovered solely in
the dedifferentiated component [9]. Lucas et al, in a detailed
study of 11 cases of DDCS, concluded that all the DDCSs cases (11
of 11; 100%) capture the genomic profile at a single time point of
a biphasic tumor with the assumption that the two components
of DDCS represent the temporal progression of conventional
chondrosarcoma to a high-grade tumor. Such an assumption is
acceptable in many malignancies where the temporal progression
is well studied (e.g. colon cancer) but is less substantiated in
bone sarcomas. Additional studies of metachronous DDCSs will
be necessary to explore that constraint [11] further.

CD44 is a transmembrane glycoprotein that regulates
growth, differentiation, survival, and cell motility. Upregulation
of CD44 in the anaplastic component was noted compared
with the chondrogenic component of DDCS. Unregulated CD44,
resulting in the expression of different splice variants, is related
to poor prognosis in many cancers and is also seen in high-
grade secondary peripheral chondrosarcomas [8]. Other studies
reported that the underlying mechanism of dedifferentiation is
unknown, but cell cycle regulators p16, p53, and retinoblastoma
appear to have important roles in tumor development and
dedifferentiation [12]. Single point mutations in the Ras genes
play a role in tumor development by eliminating dependence
on GTPase-activation of protein regulation. A few cases revealed
H-Ras mutations in dedifferentiated chondrosarcoma but not
in low-grade conventional chondrosarcomas, suggesting that
the mutation may be associated with the aggressive nature of
the disease rather than dedifferentiation [12]. Actin markers
are observed in most of the dedifferentiated peripheral
chondrosarcomas. Prognostic markers such as PAI-1 were
identified in the chondrogenic component of the dedifferentiated
peripheral chondrosarcoma and correlated with a good
prognosis. In 2021, Lucas et al. reported, to their knowledge, to
be the first to show that TERT promoter mutations are common
in both components of DDCS. They explained that the TERT gene
encodes the reverse-transcriptase subunit of the telomerase
enzyme [11]. Recurrent C228T and C250T promoter mutations,
which lead to TERT overexpression and telomerase activity, have
been reported in a wide range of human cancers but, apart from
myxoid liposarcoma, are rare in sarcomas [11].

The optimal treatment for DDCS remains unclear. Surgical
resection of the tumor with wide or radical margins is the
most crucial procedure [11,12,14,15]. McCarthy and Dorfman
concluded that once dedifferentiation has occurred, a cure
was unrealistic, regardless of the type of therapy employed. In
contrast to classical osteosarcomas and Ewing’s sarcomas, the
value of neoadjuvant or adjuvant therapeutical strategies remains
uncertain and is still under investigation [6]. A recent study
by Homeland et al. reported the Outcome of dedifferentiated
chondrosarcoma for patients treated with multimodal therapy
from several European countries (The European over 40 Bone
Sarcoma Study (EURO-B.0.S.S). They concluded that adding

SM J Case Rep 9: 5

3/5



j1SMCentral

Empower Research with Open Access

intensive chemotherapy to surgery to treat DDCS is feasible and
shows favorable survival data compared with previous reports.
With the limitations of data from a non-controlled trial, they
conclude that chemotherapy could be considered in managing
patients, especially aged >40 years [16]. Their analysis of 451
sarcomas included in the EURO-B.0.S.S. study claims that this
is the first study to prospectively explore the benefit of adding
chemotherapy to treating patients with DDCS. They reported that
the estimated 5-year overall survival was 39%, which is better
than that previously reported from retrospective studies. The
chemotherapy toxicity was considerable but manageable, and no
toxic deaths were reported [16,17,18]

In our instance, the presence of an earlier enchondroma
supports that DDCS can originate from an enchondroma. If only a
small biopsy sample is taken, it may be difficult to microscopically
distinguish the dedifferentiated component of DDCS from other
fibroblastic and myofibroblastic sarcomas. Summers and co
reported a bone case of low-grade myofibroblastic sarcoma
with a dedifferentiated high-grade sarcoma recurrence. They
detailed the importance of IHC and imaging studies to make such
differentiation [20]. Possible malignant transformation of benign
bone tumors has been reported. Our case showed a possible
transformation of a benign cartilaginous lesion, enchondroma, to
a chondrosarcoma. The malignant transformation of benign bone
osteoma to osteosarcoma has also been reported [21].

Despite various histological features in the high-grade
dedifferentiated chondrosarcomas component, they are
resistant to chemotherapy. Due to the poor prognosis of DCCS
and insufficient clinical outcome data, studies are encouraged
to describe the natural course of the disease. We will better
understand this uncommon tumor by reporting additional cases,
and ongoing research will lead to the development of more
accurate diagnoses and safe treatments that will improve patient
outcomes.
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