cancers

Review

Dedifferentiated Chondrosarcoma from Molecular Pathology to
Current Treatment and Clinical Trials

Weronika Zajac ->F

check for
updates

Citation: Zajac, W.; Dr6zdz, J.;
Kisielewska, W.; Karwowska, W.;
Dudzisz-Sledz, M.; Zajac, A.E.;
Borkowska, A.; Szumera-Cieckiewicz, A.;
Szostakowski, B.; Rutkowski, P.; et al.
Dedifferentiated Chondrosarcoma
from Molecular Pathology to Current
Treatment and Clinical Trials. Cancers
2023, 15, 3924. https://doi.org/
10.3390/ cancers15153924

Academic Editor: Kazutaka Kikuta

Received: 22 June 2023
Revised: 27 July 2023
Accepted: 28 July 2023
Published: 1 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Piotr Rutkowski !

, Julia Dr6zdz 1>*, Weronika Kisielewska 1’2, Weronika Karwowska 12,
Monika Dudzisz-Sledz 10, Agnieszka E. Zajac 1 Aneta Borkowska 1, Anna Szumera-Ciec¢kiewicz 3,
Bartlomiej Szostakowski !

3

and Anna M. Czarnecka 1'*

Department of Soft Tissue/Bone Sarcoma and Melanoma, Maria Sklodowska Curie National Research
Institute of Oncology, 02-781 Warsaw, Poland; monika.dudzisz-sledz@pib-nio.pl (M.D.-S.);
agnieszka.zajac@pib-nio.pl (A.E.Z.); aneta.borkowska@pib-nio.pl (A.B.);
bartlomiej.szostakowski@pib-nio.pl (B.S.); piotr.rutkowski@pib-nio.pl (P.R.)

Faculty of Medicine, Medical University of Warsaw, 02-091 Warsaw, Poland

Department of Pathology, Maria Sklodowska Curie National Research Institute of Oncology,

02-781 Warsaw, Poland; anna.szumera-cieckiewicz@pib-nio.pl

*  Correspondence: anna.czarnecka@gmail.com

These authors contributed equally to this work.

Simple Summary: Dedifferentiated chondrosarcoma is a rare type of cancer that is very aggressive
and has a poor prognosis with poor survival rates. This disease can affect anyone of any age, but
it is usually diagnosed among people 50 years of age or older. There is no standard treatment
available; usually it is based on surgery, however most patients are diagnosed with an advanced stage
when radical treatment is not possible. We present the most up-to—date data on genetics, diagnostic
procedures, and treatment options for localised and advanced diseases.

Abstract: Dedifferentiated chondrosarcoma (DDCS) is a rare subtype of chondrosarcoma, a primary
cartilaginous malignant neoplasm. It accounts for up to 1-2% of all chondrosarcomas and is generally
associated with one of the poorest prognoses among all chondrosarcomas with the highest risk of
metastasis. The 5-year survival rates range from 7% to 24%. DDCS may develop at any age, but
the average presentation age is over 50. The most common locations are the femur, pelvis humerus,
scapula, rib, and tibia. The standard treatment for localised disease is surgical resection. Most patients
are diagnosed in unresectable and advanced stages, and chemotherapy for localised and metastatic
dedifferentiated DDCS follows protocols used for osteosarcoma.

Keywords: chondrosarcoma dedifferentiated; targeted treatment; immunohistochemistry; palliative
treatment; pathomorphology

1. Introduction

Dedifferentiated chondrosarcoma (DDCS) is a rare subtype of chondrosarcoma that is a
primary cartilaginous malignant neoplasm [1]. It is usually characterised by two distinctive
histopathological components with a clear demarcation line [2]. The first part is a low-grade
tumour which, due to the deposition of non-osseous hyaline cartilage matrix, is considered
to be chondrosarcoma, closely intersected with the second component, high-grade non-
cartilaginous sarcoma tumour [3]. This is a definition proposed by Dahlin and Beabout in
1971 and is still relevant today [4].

DDCS can arise spontaneously, but even in half of the cases, the high-grade compo-
nent emerges from a pre-existing low-grade chondrosarcoma [2]. It means that the second
part results from the dedifferentiation of some of the chondrosarcoma cells that lost a
phenotype of cartilaginous cells and cells that can produce cartilage [5]. Dedifferentiated
chondrosarcomas primarily develop as the central subtype, with only a small percentage
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classified as peripheral dedifferentiated chondrosarcomas. These peripheral cases typically
arise from low-grade chondrosarcomas that originate from the cartilage cap of a preexisting
benign osteochondroma. Osteochondroma refers to a benign bony outgrowth covered by
a cartilaginous cap, with the solitary sporadic form being approximately six times more
common than the occurrence within the context of multiple osteochondromas. In both
solitary and multiple osteochondromas, the genomic level is affected by mutations and/or
deletions in the EXT1 and/or EXT2 genes [6]. The high-grade component can show features
of various sarcomas. The most frequent manifestation is osteosarcoma (OSC), but also often,
it is a fibrosarcoma (FS), malignant fibrous histiocytoma (MFH), or it remains undifferen-
tiated, pleomorphic tissue. There have been reports of leiomyosarcoma (LMS), clear-cell
chondrosarcoma (CCCS), mesenchymal chondrosarcoma (MCS) or rhabdomyosarcoma
(RMS), but those manifestations are rare [7]. DDCS is generally associated with one of the
poorest prognoses among all types of chondrosarcomas. Furthermore, it has one of the
highest chances of metastasis and local recurrence even after treatment with a wide-margin
surgery and adjuvant systemic therapy [8,9].

Due to the rarity of this disease and its aggressive nature, it is vital to continue research
on DDCS to improve diagnostics and find more efficient therapies for adjuvant setting
and metastatic disease. A compendium of information on the disease is also essential
because it would enable rapid diagnosis and facilitate efficient decision-making. In this
work, we summarise the current state of knowledge of DDCS. We also present the relevant
data related to these tumours’ epidemiology, diagnostic criteria, manifestations, pathology,
and genetics. Moreover, we discuss the available treatment methods with the potential
candidates for future therapies and ongoing clinical trials.

2. Epidemiology

Although chondrosarcoma makes up approximately 20% of primary bone malignan-
cies and is currently the second most common bone sarcoma, DDCS occurs more rarely,
accounting for only 1-2% of all bone malignancies, and 10 to 20% of all chondrosarco-
mas [10]. It can arise from existing chondrosarcoma, and the risk of differentiation of
any conventional chondrosarcoma (CCS) case is estimated to be 7-20% [11,12]. Dediffer-
entiation mostly occurs in conventional central chondrosarcoma, constituting 10-15% of
all cases that result in manifestation of the malignancy. It can also occur in peripheral
chondrosarcoma; however, the chance of this event is extremely low. It is due to a rare
incidence of peripheral chondrosarcoma [13,14]. Although DDCS can arise at any age, the
average patient is 50 or older. The median age is described as around 60 years. There is a
slightly greater incidence of this malignancy among elderly men than women [7,8]. The
male-to-female ratio is 1.5 to 1 in DDCS [15]. DDCS is associated with a poor prognosis
and an aggressive course, leading to a 5-year survival rate of 7% to only a maximum of
24%, with median survival ranging from 7 to 15 months [9,16]. Localisation in the axial
skeleton, especially in the pelvic bone, is associated with a poorer prognosis, probably due
to the greater difficulty of operating in that area and not achieving radical surgical resection.
Similarly, the larger size of the tumours (more than 8 cm) leads to a lower 5-year survival
rate due to the difficulty in achieving the radical margin [17]. Almost half of the patients
suffer from local recurrence (LR) in that location [18]. The development is another poor
prognostic factor, with a 5-year survival rate equal to a range of as little as 5 months to
15 months [19,20]. Other factors related to poor prognosis are patients aged 60 years or
above and pathological fractures [10,17]. According to research, if the non-cartilaginous
component is a fibrosarcoma, it is related to a greater risk of metastasis and therefore, even
lower survival rate [21].

Dedifferentiated Chondrosarcoma in Ollier Disease and Mafucci Syndrome

Ollier disease (OD) and Mafucci syndrome (MS) are characterised by the appearance of
multiple (more than 3) that are benign expansions of cartilage. They are both rare and not in-
herited disorders. In OD, the neoplasm appears mainly in the appendicular skeleton of one
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side of the body, whereas in MS, the tumours are bilateral with accidental distribution. Fur-
thermore, in MS, enchondroma is often followed by vascular malignancies [22]. The chance
of developing secondary chondrosarcoma from primary enchondroma is approximately
equal to 25% in patients with OD, while more than 50% of patients with MF have secondary
malignancy [23]. Various research suggests a greater probability of dedifferentiation of the
tumour as 6% of patients will develop aggressive grade 3 secondary chondrosarcoma [11].
Aycan et al. reported a secondary chondrosarcoma with lung metastasis that radiologically
and histologically showed features of DDCS. The incidence of metastasis in such cases is
almost always equal to 100%. Additionally, on average, the manifestation of DDCS can
appear 10 years earlier [24].

3. Diagnostics
3.1. Location and Metastasis

DDCS is a disease of bone tissue therefore, it occurs in the skeletal system, primarily in
the appendicular skeleton, with a greater chance of it appearing in the lower limb [25]. The
most popular locations are femur (over 35% of cases), pelvis (up to 29% of cases), humerus
(16%), as well as scapula (6%), rib (6%), and tibia (5%). In particular, femur is the most
common location identified, in some case series constituting up to 44.5% of patients, while
the humerus is the third most common location, but also in other types of bones, most
primarily pelvic bones (second most common location identified in 22.2% of patients) and
scapulae [9,16,26]. More frequently, it is located in the proximal rather than distal part of the
previously mentioned long bones [27]. There has been a record of cases in which DDCS was
localised in the ribs and phalanges of the hand and foot, but those locations are extremely
rare [26]. Most of the neoplastic change is found in the medullary cavity, but approximately
one in five cases are situated externally on the surface of the bone [4,28]. Studies show
that approximately 8 to 40% of patients with DDCS develop distant metastatic sites, and
metastasis is often present during diagnosis. The malignancy frequently metastasises to the
lungs (15%), other sites (8%), and skeletal system (2%) [25,29]. Advanced age, higher grade
of malignancies, larger tumour size (>8 cm), and localisation in the pelvis are established
risk factors for distant metastasis [25,30]. Metastatic tissue is usually dedifferentiated and
resembles the same type of tissue located at the primary site of the tumour [29].

3.2. Size

In DDCS, the mass of the tumour is usually much greater than in conventional chon-
drosarcoma due to the second, non-cartilaginous component. The size of the tumour
mass varies from 5 mm to 36 mm [18] or even to 460 mm [31]. The size of its constitutive
components is also diverse and difficult to predict, especially in terms of the high-grade
component, which is increasing with the progress of the disease [32]. On radiological
images, the average size of the greatest dimension of newly diagnosed chondrosarcoma
is reported to be 9.5 cm [27]. The dedifferentiated component can be either may be small
or account for half of the tumour mass; however, no relationship between total size and
percentage of differentiation was observed [33].

3.3. Symptoms

Symptoms are usually nonspecific and present themselves later as the disease pro-
gresses. At first, there may be no external manifestation of the malignancy. Usually during
the progression of the disease, such symptoms as pain, swelling, edema, and paraesthesia
are described in the tumour’s proximity. The pain is constantly increasing over time [34]. A
palpable mass can be felt only in one third of patients, making it more difficult to recognise
the tumour. The bone that weakens with the development of the disease is prone to frequent
pathological fractures and occurs in half of patients with DDCS. The tumour itself is often
detected when a patient is hospitalised for such a problem [16,25]. Fracture leads to the
development of hematoma and spread of tumour cells but does not increase the risk of
metastasis, it only indicates the higher grade and/or size of the tumour [33].
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3.4. Methods of Diagnosis

The two most common diagnostic methods include radiological and histological proce-
dures. Among the former, mostly radiography, contrast-enhanced computed tomography
(CT) and magnetic resonance imagining (MRI) are used. There has been no evidence of
using position emission tomography (PET) to diagnose malignancy. The most common
method of histological diagnosis is by biopsy, after which macroscopic and microscopic
examination is performed. It is used to confirm the diagnosis, identify subtypes, and
advance the disease because radiological images of conventional chondrosarcoma and its
dedifferentiated subtype are difficult to differentiate in 50% of cases [20].

3.4.1. Radiological Criterium

Most images show a mass divided into two parts corresponding to previously de-
scribed phases of tumour development [32]. In most cases, the radiographic character-
istics of dedifferentiated chondrosarcoma typically resemble intermediate to high-grade
chondrosarcoma. However, in a few cases, they exhibit similar features to low-grade chon-
drosarcoma. Additionally, approximately 10-15% of cases do not exhibit any radiographic
signs indicating the presence of a chondroid matrix or an underlying chondral tumour.
Instead, some of these cases exhibit features indicative of osteosarcoma [35-37].

The radiographic characteristics of dedifferentiated chondrosarcomas consist of a
tumour bimorphism, which involves aggressive destruction of the bone accompanied
by extension into the surrounding soft tissues (Figures 1-5). These features are typically
associated with an underlying cartilaginous lesion [37]. The lesion that produces hyaline
cartilage is presented as a calcified area with extraosseous mineralisation of its matrix. Next,
there is a lytic area of gray-to-soft-white tissue representing non-cartilaginous malignancy.
The transition between the two parts should be clear and abrupt highlighting the visible
demarcation line between both parts [2]. On radiographs and CT scans, a dual characteristic
appearance has been observed in approximately 30% and 50% of cases, respectively. This
appearance includes the presence of an unmineralised tumour mass within or next to
mineralised chondroid tumour components [37].

In radiographs and CT scans (Figures 1 and 3-5), in the area represented by the low—
grade chondrosarcoma, there is usually (70% of cases) clear destruction, thickening and
penetration of the cortex by the mass. The damage frequently originates inside the medullar
cavity and spreads superficially to later perforate the cortex [7]. This may sometimes lead
to cortex rupture and invasion of neighboring soft tissues [21]. Changes are described
as endosteal scalloping. That is focal resorption of the cortex’s inner layer due to slow
growing malignancy. The cartilage-producing part has a characteristic for chondrosarcomas
rings and arc calcifications which is a process of deposition of multiple nodules of hyaline
cartilage on top of one another in the shapes resembling rings and arcs [13].

In MRI, a single mass is evolving aggressively into the soft tissue around the bone. It is
divided into two areas of varying signal intensities visible on T2-weighted imagining. The
part producing cartilage has a high signal seen on fluid-sensitive sequences whereas the
sarcomatous tumour is shown as an osteolytic area with a reduced signal intensity often
intensified by contrast [38] (Figures 1 and 3-5). However, only in one third of MRI scans
and radiographs do the lesions have bimorphic features. They are visible only in half of
the CT scans, so histological examination is equally necessary to diagnose the disease [39].
Areas of dedifferentiation within chondrosarcoma can be detected on T2-weighted MRI as
regions with decreased signal intensity. These particular areas should be prioritised when
selecting the biopsy site [40]. Ultrasonography (USG) can also detect large lesions with
extraosseous extensions for biopsy [41].
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Figure 1. Dedifferentiated high-grade chondrosarcoma of right pubic bone. Initial presentation of the
chondral lesion located in the right pubic bone, abutting acetabulum (October 2021): (A)-Anterior—
posterior (AP) X-Ray view of the pelvis; (B) Coronal computed tomography (CT) view. (C)-CT
Axial view—growing lesion on the follow up CT did not alert necessary attention (January 2022).
(D) Contrast-enhanced magnetic resonance imaging (MRI) with fat saturation showing enlarging
lesion on the follow up (August 2022). (E,F) Coronal and axial images of the progressing right pubic
lesion on contrast enhanced CT scan. (G,H) Preoperative contrast-enhanced MRI coronal view scan
and X-ray AP view showing lesion of the right pubic bone that progressed over 14 months (November
2022). (I). Postoperative image after right hind-quarter amputation.



Cancers 2023, 15, 3924

6 of 27

3.4.2. Histopathology

The most common histological criterium for diagnosing chondrosarcoma is a lack of
bone formation and synthesis of hyaline cartilage [42]. To diagnose the dediffrentiated
subtype, two separate components must be found after the biopsy of the mass during both
macroscopic and microscopic examinations: low-grade cartilaginous tumour represent-
ing the development of chondrosarcoma and high-grade mesenchymal, frequently not
differentiated and non-cartilaginous tissue evolving into a sarcoma [20]. Microscopically,
there is a clear demarcation line that separates both components. Macroscopically, the
former’s color pattern ranges from blue to grey and is a lobulated area in the center of the
bone. In contrast, the latter is fleshy and white with visible effects of hemorrhage with an
extraosseous localisation [27,43]. Histological examination also has limitations since it is
easy to omit one or the other component during tissue sampling [26]. It is best to carefully
plan the biopsy procedure so it should be done after an MRI [4,19].

3.4.3. Image-Guided Percutaneous Core-Needle Biopsy

As mentioned before, for a biopsy to be well planned and reveal a correct pathology
diagnosis, radiological imagining must be performed along with it. Currently, a procedure
that allows combination of these two methods, and is also reliable, is a percutaneous core—
needle biopsy guided by radiological imagining. It is becoming increasingly accepted as a
procedure for the initial diagnosis of musculoskeletal tumours and is starting to replace the
open surgical biopsy [44]. The second is a more invasive procedure with a greater risk of
complications, and even though it is still considered a so-called “gold standard” for the
diagnosis of musculoskeletal tumours, it is becoming a method that is applied only after
image-guided percutaneous core—needle biopsy is inconclusive. Image-guided biopsy is
advantageous because it minimises the risk of infection or bleeding and at the same time
is still effective [45]. According to research, it provides conclusive and accurate results
in approximately 87-89% of cases [46,47]. The base for radiological imaging is a CT scan
which is favoured more than MRI because it provides a precise image of soft tissues along
with bones and allows the identification of the exact location of each component (both
low-grade and high-grade) of the tumour mass without being expensive, invasive, and
does not interfere with metal parts in the body [48]. If the tumour is large and has an
extra-osseous component, it could be guided by USG instead of CT [41].

3.5. Staging

According to Union for International Cancer Control (UICC), all chondrosarcomas,
including DDCS, are carried out following TNM Classification for Bone Sarcomas. In
this group, all bone malignancies are located in the appendicular skeleton, trunk, skull,
and facial bones. There is also a separate classification of TNM for spine and pelvic bone
locations. Consequently, dedifferentiated chondrosarcoma is assessed with an appropriate
scale according to its localisation in the body [49].

4. Pathology

Dedifferentiated chondrosarcoma characterised by a bimorphic histomorphology, a
low-grade chondrosarcoma component and a high-grade transformed chondrosarcoma
(anaplastic) component with a remarkably sharp junction between the two components.
In both components, tumour cells seem to originate from a single precursor, but in the
anaplastic component, there are many genetic alterations [50] (Figure 1).

4.1. Low-Grade Component

The low-grade component is characterised by the presence of chondrocytes and in-
cludes grade I and II. In grade I cartilages are weakly to moderately cellular and hyperchro-
matic, without mitosis and with an abundant hyaline cartilage matrix [3]. Chondrosarcoma
grade II exhibits higher cellularity, showing increased nuclear atypia and mitotic activity.
The perilobular and interlobular cells are large, round, or oval-shaped cells with a high
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nucleus-to-cytoplasm ratio. The cells have small, often pleomorphic nuclei and a moderate
eosinophilic cytoplasm [7,51]. Under the microscope, clear epithelioid cells, mixed osteoid
and chondroid areas, and giant cells are seen.

4.2. High-Grade Component

In high-grade components of the DDCS cartilaginous molecules are absent except for
areas with characteristics similar to those of chondroblastic osteosarcoma [52]. A high-grade
component is characterised by undifferentiated round or spindle-shaped mesenchymal cells
with elongated single hyperchromatic nuclei and a small volume of cytoplasm. Cells may
show pleomorphism, mitotic activity, atypia, cartilaginous matrix loss, and spindle-shaped
cells infiltration into low-grade components. Some cartilage zones with multinuclear tu-
mourous giant cells and hypercellular stroma permeate the bone trabeculae and spindle
cell component. In addition to the chondroblastic cells, there may also be areas of dediffer-
entiation where the cells have oval and elongated hyperchromatic nuclei and scanty, poorly
outlined cytoplasm [51]. These cells have lost some of the characteristics of chondroblasts
and can resemble cells of other types such as include undifferentiated sarcomas, osteosar-
comas, angiosarcomas, fibrosarcomas, rhabdomyosarcomas, leiomyosarcomas, malignant
fibrous histiocytomas, or giant cell tumours [50,53]. These areas of dedifferentiation are
known to be more aggressive and have a poorer prognosis. The metastases often show
only the high-grade anaplastic component [54]. There is also intramembranous (direct) and
endochondral (indirect) ossification. Intramembranous ossification occurs when pluripo-
tent mesenchymal cells enter the osteoblast lineage; however, in endochondral ossification
chondrocytes differentiate and are replaced by osteoblasts [55]. Areas of necrosis may be
present within the high-grade component of the tumour.

4.3. Cellular Infiltrates

Several studies have shown that DDCS tumours are often infiltrated by various im-
mune cells, including macrophages and lymphocytes [7,29,56-58]. Malchenko et al. study
of lung metastases in DDCS observed the presence of leukocyte infiltration in these metas-
tases, which may have been involved in the metastatic spread in DDCS. The main compo-
nent of the leukocyte infiltrate in the tumour microenvironment was macrophages derived
from circulating monocytes [29]. The overexpression of macrophage chemoattractant in
tumours and increased macrophage density have also been shown to correlate with a
poor prognosis [59,60].

In addition to macrophage infiltrates, lymphocytic infiltrates are also present. In
the histopathological analysis of DDCS by Gong et al., some areas had a characteristic
inflammatory infiltrated with aggregates of plasma cells and lymphocytes that mimic an
inflammatory myofibroblastic tumour [7]. Clinical studies suggest that chondrosarcomas
behave like inflammatory tumours, with dense lymphocytes infiltrating the tumour and
high expression of checkpoint inhibitor molecules such as programmed death ligand-1
(PD-L1) [61-63]. Similarly, in the study by Kostine et al. which analysed DDCS samples,
PD-L1 expression was observed in more than 50% of the samples. It was associated with
high T-cell infiltration which may suggest that PD-L1 could be used as a biomarker or
predictor of response to immunotherapy [64].

4.4. Immunohistochemistry (IHC)

Immunohistochemistry (IHC) using specific antibodies can help distinguish chon-
drosarcoma from other cartilage tumours (Table 1, Figure 2). Several molecules have
been reported as biomarkers in diagnosing, prognosis, and treating DDCS. One of such
biomarkers is the 5100 protein, expressed in many tumours, including several sarcomas [65].
Two calcium-binding sites characterise it, modulate cellular responses, and can be used
as a marker for chondroid tissue origin [66]. The expression of the S100 protein was ob-
served in many subtypes of chondrosarcomas, such as CCCS, CCS, or MCS. Compared
to other chondrosarcomas, DDCS is negative for the s100 protein [67]. Another marker is
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p53, encoded by the TP53 gene, located on chromosome 17 at locus 17p13.1. P53 can be
overexpressed in CCCS, CCS, MCS, and DDCS [68,69].

Another marker, positive in DDCS is also the cancer testis antigen-New York esophageal
squamous cell carcinoma 1 (NY-ESO-1) encoded by the CTAG1B gene. Among normal
tissues, it is expressed only in the germ cells of the adult testis and undergoes atypical
re-expression in many malignancies such as CCS, synovial sarcoma or melanoma [70,71].

Isocitrate dehydrogenase (IDH) is a metabolic enzyme that catalyses the oxidative
decarboxylation of isocitrate and therefore plays key roles in the Krebs cycle and cellular
homeostasis [72]. Advances in cancer genetics have revealed that antibodies against the mu-
tant IDH protein have been detected in various human malignancies, including glioma [73],
cholangiocarcinoma [74], acute myeloid leukemia (AML) [75], and chondrosarcoma, such
as CCS and DDCS [76,77]. However, in DDCS, the p.Arg132His mutation-specific IDH1
antibody can help identify less than 20% of these tumours [78]. Mutant IDHs were not
found in CCCS and MCS [54,78]. Mutations in IDH1 can be used to differentiate DDCS
from undifferentiated pleomorphic sarcoma, fibrosarcoma, and osteosarcoma [79,80]. Most
importantly, a differential analysis of methylation patterns revealed a decrease in the global
hypermethylation typically associated with IDH1/IDH2 in conventional chondrosarcoma.
At the same time, DDCS exhibited a unique methylation profile distinct from that of
conventional chondrosarcoma. Genomic examination identified an overrepresentation of
TP53, TERT promoter, and CDKN2A /B alterations in DDCS but copy-number alterations
in DDCS was significantly lower. Integrating methylation and gene expression analysis
revealed that distinctive methylation and transcriptional profiles related to IDH1/IDH2
were early events in DDCS [80,81]. SRY-box transcription factor 9 (SOX-9) is the master
regulator of chondrogenesis and increases in chondrosarcoma tissue and is directly tar-
geted by miR-145 [82]. It is positive in DDCS, but also can be expressed in OSC or CCCS,
CCS, and MCS, complicating the differential diagnosis [83]. Other essential markers in
DDCS are B-cell lymphoma 2 (Bcl-2), mouse double minute 2 homologue (MDM?2), and
PD-L1 [84-87]. DDCS also stains positive for Ki-67, cyclin D1, desmin, collagen type 1 (Col
I) and p16 [7,86-90]. Furthermore, inactivation of polycomb repressive complex 2 (PRC2)
results in trimethylation of histone 3 in lysine 27 (H3K27me3) deficiency, which is detected
as a complete loss of H3K27me3 staining [91].

Table 1. Comparison of markers in different subtypes of chondrosarcoma based on Zajac, A.E., et al. [92].

Protein/Subtype DDCS CCCS CCS MCS
S100 - + + +
P53 +* + +** +
SOX-9 + + + +
Bcl-2 + + + +
IDH1 + - + -
NY-ESO-1 + - + -
CD44, Collal, Col2al, cyclin . Brachyury, Col2al, CD99, desmin, EMA,
. Col2al, keratine,
Other D1, MDM2, Ki-67, PAI-1, PTHrP. PDGE. Runs2 Cox-2, D2-40, Gal-1, MYF4, MYOD1,
PD-L1, PTHrP, Runx2 i’ ’ MDM2, PTHrP, YKL-40 NKX2.2
References [6,60,61,63-65,67-71] [54,70,89,93] [65,70,78,83,94-96] [70,78,89,97-100]

* p53 can be overexpressed in 59% of cases, [54]. ** Grade 2 and 3. DDCS—dedifferentiated chondrosarcoma,
CCCS—clear cell chondrosarcoma, CCS—conventional chondrosarcoma, MCS—mesenchymal chondrosarcoma,
SOX9-SRY—box transcription factor 9, Bcl-2—B-cell lymphoma 2, IDH1—isocitrate dehydrogenase 1, NY-ESO-1—
New York esophageal squamous cell carcinoma-1, Collal—collagen type II alpha 1 chain, MDM2—mouse double
minute 2 homolog, PAI-1—plasminogen activator inhibitor 1, PD-L1—programmed cell death receptor ligand
1, PTHrP—parathyroid hormone-related protein, Runx2—runt-related transcription factor 2, PDGF—platelet-
derived growth factor, Cox-2—cyclooxygenase-2, D2-40—podoplanin, Gal-1—galectin-1, YKL-40—chitinase 3-like
1, EMA—equi merozoite antygen, MYF4—myogenin, MYOD1—myoblast determination protein 1, NKX2.2—NK2
homeobox 2.
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Figure 2. Histopathological image of dedifferentiated chondrosarcoma: the transition between
components of low and high grade is clear-cut (the dotted line); the low-grade chondrosarcoma is
cartilaginous and usually appears as grade 1 or 2; the high-grade dedifferentiated part presents as
high-grade undifferentiated sarcoma with high mitotic activity (black arrow) and high pleomorphism
(white arrow).

4.5. Differential Diagnosis

First, DDCS is often misdiagnosed as conventional chondrosarcoma because it is easy
to omit the dedifferentiated component during biopsy (Tables 1 and 2). Similarly, only
the high-grade component could be present in the smears and then be misdiagnosed as
the sarcoma representing the undifferentiated component. It could be an OSC, FS, MFH,
RMS, LMS or any other previously described sarcoma that could represent the high-grade
tumour. In this case, the best prediction of appearance of dedifferentiated chondrosarcoma
is a medical history of enchondromas or chondrosarcomas [101].
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Occasionally, the high-grade component can have a resemblance to a benign tumour.
It can mimic a giant-cell tumour of bone which even though is an aggressive malignancy
occurring near joints, it is also benign, non-cancerous and usually has a low-grade. It is most
often malignant fibrous histiocytoma instead and the resemblance is due to large, circular
cells similar to osteoclast without any identifiable anaplasia. However, what indicates
that it is a malignant tumour is that there are large areas of mononuclear cells, and they
perforate and damage the cortex. These are not characteristic features of giant cell tumours
but, as was said, a fibrous histiocytoma instead [5,102].

Table 2. Immunohistochemical differentiation in different types of sarcoma.

Type of

h-

References S100 P53 MDM2 Ki-67 Desmin SMA EMA Vimentin Myosin Others
Sarcoma Caldesmon
[7,85,86,88—
90,103] DDCS + + + - - - + + + CD9%9
CD10, CD99,
[104-109] 0OSsC + + + + + - + - - PAXD
[104,110-114] FS - + + + + + + + + Cd34, CD99
[115-118] MFH + + + + + + + + - Cd45, CD68
Myogenin,
[104’]12120]'119‘ RMS - + + + - + + + + CDK4, CD56,
CD99
[104,110,115, ) } Calponin,
119,123,124] LMS * * * + + * * CDK4, CD34

=+ negative or weakly positive in some cases. MDM2—mouse double minute 2 homolog, SMA—smooth muscle
actin, EMA—epithelial membrane antigen, DDCS—dedifferentiated chondrosarcoma, OSC—osteosarcoma, FS—
fibrosarcoma, MFH—malignant fibrous histiocytoma, RMS—rhabdomyosarcoma, LMS—leiomyosarcoma, PAX2—
paited box gene 2.

5. Genetics

Until now, we have insufficient data on molecular abnormalities in chondrosarcomas.
The knowledge of the molecular basis of chondrosarcomas is extremely important for
understanding the pathogenesis of these tumours and their specific subtypes. Numerous
studies are being conducted on using specific mutations as potential targets in new therapies
and prognostic factors [125-128].

5.1. IDH Mutations

One of the most common mutations observed in many cases of chondrosarcoma,
including DDCS, is mutations in the IDH1 and IDH2 genes. Mutation in IDH1/2 leads
to the production of 2-hydroxyglutarate (2-HG), an oncometabolite that contributes to
epigenetic changes such as histone methylation and DNA aberration [129]. Research
conducted by Makoto Nakagawa et al. revealed that 2-HG is a potentially significant
biomarker for the presence of IDH mutations [130]. IDH mutations are more common in
high-grade subtypes of chondrosarcoma, including DDCS [78,125-127]. In the study by
Amary et al., 13 of 23 (56.5%) cases of DDCS harbored IDH mutation (12 cases in IDH1
R132C/G/H/L and 1 in IDH2 R172S), and in central low-grade cartilaginous tumours
IDH mutations were observed in 52% of cases [78]. Another study found that IDH1/IDH2
mutations were observed in 9/14 (64.3%) DDCS cases. Furthermore, in the study by
Nakagawa et al. IDH2 mutations were observed in 5/6 (about 80%) DDCS [126]. The
IDH mutation can be found in conventional and dedifferentiated components used in
diagnostic molecular pathology [131]. Research conducted by William Cross et al. revealed
an association between IDH2 mutations and an increased frequency of mutations in the
TERT promoter in chondrosarcoma; however, such a connection was not present among
DDCS [132]. However, mutations in the TERT promoter were observed in approximately
56% of 63 DDCS cases.
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Some studies revealed that the presence of IDH1/2 mutations was associated with a
worse prognosis in central chondrosarcoma [125-127]. Similar results were also observed
in DDCS with IDH2 mutations, resulting in worse metastasis-free survival and overall
survival (OS) [126]. However, the association between IDH mutations and overall survival
may be associated with tumour grade and the common occurrence of these mutations in
high-grade tumours [127].

IDH mutations may be useful in the differentiation of neoplastic lesions. Their presence
is observed in cartilaginous tumours, including chondrosarcomas (besides clear cell and
mesenchymal subtypes), whereas these are absent in mesenchymal tumours, such as
osteosarcoma or undifferentiated pleomorphic tumours (UPS) [127]. The study conducted
by Chen et al. demonstrated that IDH mutations were present in 87% (20/23) of DDCS
and no IDH mutations were identified among 14 patients with UPS [79]. IDH mutation
may help distinguish chondrosarcoma from osteosarcoma, which is crucial in treatment
selection and response. Neoadjuvant chemotherapy is an established method of treatment
of osteosarcoma [127].

5.2. TP53 Mutations

Another frequent mutation in DDCS refers to the TP53 gene. In general, mutations
in this gene are the most common among all tumours. TP53 mutations were detected in
20-50% CCS and DDCS [133]. TP53 acts as a tumour suppressor gene; therefore, the loss of
its function leads to the development of carcinogenesis [134].

The study by Sandberg et al. indicated that loss of heterozygosity (LOH) in TP53
may contribute to the transformation of pre-existing low-grade conventional chondrosar-
coma into a highly malignant dedifferentiated tumour and, contrary to IDH mutations,
is considered to be a late event in the development of DDCS [135,136]. Furthermore, the
presence of TP53 mutations was associated with increased malignancy of chondrosar-
comas [133,137,138]. In a study by Yang Li et al., conducted in a mouse model, double
deletion of the TP53 and RB1 genes in chondrocytes resulted in increased activity of the
YAP pathway, contributing to the induction of chondrosarcoma. These researchers also
demonstrated metformin’s inhibitory effect on the YAP pathway, paving a new potential
path for chondrosarcoma therapy [128].

5.3. Other Mutations

Other mutated genes in DDCS include the cyclin-dependent kinase inhibitor 2A
(CDKN2A)/ cyclin-dependent kinase inhibitor 2B (CDKN2B) related to the Rb pathway [54].
Both genes are located in chromosome 9 and encode p16 and p14/p15 proteins respec-
tively [139]. In the study by Tarpey et al., homozygous deletion of CDKN2A was found in
up to 36% (5 of 14 cases) of DDCS [140]. In another study, 62% (13 of 21 cases) of DDCS
cases had p16/CDKN2A loss, whereas polysomy in this chromosome region was observed
in 28.6% (6 of 21 cases) of DDCS. Moreover, in three cases, p16/CDKN2A loss was con-
firmed to be present in the dedifferentiated component and not in the well-differentiated
component [141]. On the other hand, in a study by Meijer et al., loss of p16 expression was
observed in both anaplastic components (79%) and the cartilaginous components (82%)
of DDCS [54].

COL2A1 gene, which encodes the alpha chain of type 2 collagen, has also been ob-
served in DDCS and are likely early events in progression of these tumours [92,136,140].
In the study by Tarpey et al., 35.7% (5 of 14 cases) of DDCS harbored missense or in-
sertion/deletion mutations. The dysfunction of COL2A1 may result in abnormalities in
matrix deposition and signal transduction pathways [140,142], leading to abnormal and
uncontrolled divisions and tumour development [132].

Other identified mutations in DDCs occurred in genes related to the Hedgehog path-
way, i.e., hedgehog-interacting protein (HHIP) (2/14 cases of DDCS), glioma-associated
oncogene homolog 1 (GLI 1) (1/14), and protein-patched homolog 1 (PTCH1) (1/14) [140].
In isolated cases of DDCS, mutations were identified in tuberous sclerosis 1 (TSC1), neurofi-
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bromatosis type 2 (NF2), lysine demethylase 6A (KDM6A) [140] and homolog phosphatase
and tensin (PTEN), janus kinase (JAK), neurotrophic tyrosine receptor kinase (NTRK),
neurogenic locus notch homolog protein (NOTCH), and mitogen-activated protein kinase
(MAPK) [143] genes were identified.

Moreover, some chromosomal abnormalities were detected in DDCS. One of such
examples is the trisomy of chromosome 19, detected in more than 50% of DDCS [50,144].
Among other chromosomal aberrations, tetrasomy of chromosome 7 was observed in
two cases [144], and aberration of the long arm of chromosome 5 [50]. Furthermore,
it is considered that 5q14.2-q21.3, 6q16-q25.3, 9p24.2-q12, and 9p21.3 are characteristic
for DDCS [90].

6. Treatment
6.1. Surgical Treatment

Despite the lack of a precise treatment protocol, surgery remains the standard of care
for patients (Figure 3), and it is shown to be successful primarily in patients whose tumour
has not metastasised [145]. Due to the presence of the high-grade component, there is a
high risk of metastasis and local recurrence even after resection; therefore, an achievement
of a wide or radical surgical margin is required [146]. The chance of recurrence varies in
the literature and ranges from 18% to 45% [147]. However, Stevenson et al. found that the
greater the margin, the less likely was LR, and the most effective margin was greater than
4 cm stretching from the tumour [146]. There is no proof that additional chemotherapy
accompanying surgical treatment makes it more successful [148]. According to Mercury
et al., no therapy is sufficient to prevent death from the disease, which is most often caused
by lung metastasis [4,148].

Figure 3. WHO G3 dedifferentiated chondrosarcoma of distal femur. (A.1,A.2)-AP/lateral (LAT)
X-ray preoperative views. (B.1) Saggital fat saturated T1 MRI view. (B.2) Coronal fat saturated T1
MRI view. (C.1,C.2) Intraoperative views of the resected distal femur.
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6.2. Treatment of Localised Disease

Surgery is the most effective treatment for localised DDCS, improving survival rate
after amputation or surgery with limb salvage. Wide margins correlate with a longer period
of survival [16]. Local recurrence of DDCS is linked to inadequate margins of excision; the
presence of pathological fractures showed relevance in impacting LR in previous studies,
yet a recent study suggests a lack of substantial influence of pathological fracture on the
prognosis of patients with DDCS [149]. An initial resection reduces the chance of local
recurrences. Tumours are considered resectable as long as there is a possibility to improve
the patient’s condition and if the location and tumour size allow for resection.

Pathological fractures in chondrosarcoma are accompanied by peritumoural edema,
cortical disruption, and the calcification and endosteal scalloping in the cartilaginous
portion of the tumour. Treatment in such cases is radical surgery [150,151]. In patients with
a large localised disease and a pathological fracture in long bones, an amputation might
be beneficial in reducing the risk of LR. Reconstruction might be considered in the case of
a successful local control achieved with limb salvage [152]. Other treatment options for
localised disease include radiotherapy (RT). Overall, histological subtype, tumour size, and
chemotherapy did not show significant evidence of affecting LR or survival [10].

6.3. Ratiotherapy

The role of radiotherapy remains controversial as some authors support its importance
and others question it [153]. Chondrosarcomas are relatively resistant to RT [154]. RT can
be considered in two cases: after resection, aiming for maximum local control, and when
resection is impossible, such as palliative treatment (Figure 4) [3]. Treatment of choice is
a combination treatment consisting of complete surgical resection of the tumour with a
maximal excision and then adjuvant radiotherapy. The treatment method used is high-dose
radiotherapy (>60 Gy) with proton beam radiation and radiosurgery. It provides better
local control and increased survival [154,155].

Figure 4. Nineteen-year-old patient diagnosed with dedifferentiated chondrosarcoma on the right
thigh with lung metastases. Status after seven courses of chemotherapy with significant regression
of lung lesions. Patient received radiotherapy for a lesion on the right thigh. Radiation therapy CT
planning (a,b). Radiation therapy plan (c).
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Retrospective studies have shown longer time free of local progression following
adjuvant radiotherapy and radical radiotherapy resulted in tumour regression. For grade I
and II, adjuvant radiotherapy are not indicated [155,156]. However, a study by Krochak
et al. showed that patients with low-grade malignancy had more favourable results
concerning local control than those with higher grades [157]. However, some studies have
demonstrated apart from surgical treatment, there is no consensus on the role of adjuvant
radiation in DDCS. Use of any adjuvant treatment has no survival benefit and is likely in
palliative medicine [9]. It can be concluded that radiotherapy does not impact overall or
specific survival. There may be consideration if DDCS is not subject to complete surgical
resection or if it should be treated with palliative treatment [17,20,21].

Doses of RT in palliative treatment ranged from 30 to 70 Gy, depending on the site
and size of the tumour (Figure 5). There are data that patients did not achieve significant
long-term benefit, but it is also possible in some cases [156,158].

Figure 5. Fifty-year-old patient diagnosed with dedifferentiated chondrosarcoma of the left scapula,
at the stage of spread to the sacrum. Received radiation therapy for sacral metastasis. Radiation
therapy CT planning (a). Radiation therapy plan (b).

6.4. Treatment of Metastatic Disease

While metastases develop quickly in DDCS, the treatment options in metastatic disease
are limited. The success of chemotherapy and radiotherapy remain debatable with varying
results. Metastases develop over a few months from diagnosis in 90% of patients, a
common location being lungs [29,159]. Metastases at the diagnosis are a prevalent negative
prognostic factor showing a significantly low OS (10% of survival at 2 years, median
survival of 5 months) [10]. In a study of 23 patients, 8 presented with lung metastases at
diagnosis [18]. The influence of metastases on survival is the most significant in DDCS
among all non-conventional chondrosarcoma subtypes (19,8% of marked difference in
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presence of metastasis). Among the affected patients, the additional poor prognostic factors
were pelvic location of the tumour and increasing age [8].

6.5. Palliative Treatment

DDCS is a rare and aggressive type of bone cancer that often requires multimodal
treatment approaches to manage its progression [3,9,154]. While surgical resection and
chemotherapy are the primary curative treatments, some cases may present with metastasis
or recurrence that is unresponsive to conventional therapies [145,159]. In these situations,
the focus of treatment shifts towards palliative treatment. Palliative treatments for dediffer-
entiated chondrosarcoma may involve chemotherapy [10,18], immunotherapy [58,61,64],
and targeted treatment [160,161].

6.5.1. Chemotherapy

Chondrosarcomas, in general, are resistant to chemotherapy [162]. Short-term local
control can occasionally be achieved but has no proven benefit on distant spread or overall
survival [158]. The role of chemotherapy is controversial in terms of impact on overall sur-
vival [10,18,43,163,164]. The first-line treatment regimens used for localised and metastatic
dedifferentiated DDCS follow protocols used for osteosarcoma [165,166] (Table 3).

Table 3. Chemotherapy regimens used in patients with dedifferentiated chondrosarcoma.

Cytostatics Dosing Cycles Reference
DOX 60-75 mg/ m? PRC—3—4 cycles

CP 100-120 mg/m? POC-1 [166]

IF 10 g/m? 9 cycles **

DOX 60 mg/m? (24 h iv infusion) AC—9 cycles

cp 100 mg/m? (48-72 h of iv infusion) PC—3 cycles [165]

6 g/m? (3 g/m? per day,
1-2 h i.v. infusion)

MTX * 8 g/m? (4 hi.v. infusion)
* For patients with poor histologic response after surgery. ** Most patients undergoing 3 cycles or more. *** 6 cycles
for good histological responders or 11 cycles including 5 cycles of methotrexate for patients with poor response.
DOX—doxorubicin, CP—cisplatin, IF—ifosfamide, MTX—methotrexate, iv—intravenous, PRC—preoperative
chemotherapy, POC—postoperative chemotherapy, AC—adjuvant chemotherapy, PC—primary chemotherapy.

IF POC—®6 or 11 cycles ***

In retrospective study by Lex et al., patients with DDCS of the pelvis were enrolled.
Patients received surgical treatment and palliative chemotherapy using cisplatin (CP) and
doxorubicin (DOX). In patients who received chemotherapy, OS at 12 months was 15.4%
and 55.6% for those treated with surgery [158]. The presented results are very similar to
those of Maldegem et al. In their study, the researchers published results on treatment in
unresectable DDCS, which demonstrate that patients treated with DOX monotherapy had
progression-free survival (PFS) of 5.5 months and patients treated with a combination of
doxorubicin, cisplatin, and methotrexate (MTX) had a PFS of 2.9 months [161]. In a study
of a European network, a wide range of chemotherapy drug regimens were used for DDCS.
The most common was the combination of DOX and CP and DOX and ifosfamide (IF). The
5-year survival in patients treated by chemotherapy was 33% and in patients who were
not was 25%. Results from a European group study on DDCS revealed that patients with
metastatic disease have a particularly unfavourable prognosis. The efficacy of palliative
interventions such as chemotherapy in significantly enhancing the outcome has not been
demonstrated to significantly improve outcome [10].

In a report of nine cases in patients with DDCS, chemotherapy was given to four
patients after surgical tumour resection. The chemotherapy consisted of adriamycin,
ifosfamide, cisplatin, and methotrexate. There were no significant differences in survival
between patients who did or did not receive chemotherapy. However, the median OS in
cases where chemotherapy was received and was not received was 11.8 vs. 9.1 months,
respectively [19]. According to Italiano et al., chemotherapy has limited efficacy in patients
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with advanced chondrosarcoma. In their study, patients received various combinations of
DOX, CP, and IF. The highest benefit is observed in DDCS than in other chondrosarcomas.
The overall response survival (ORR) for DDCS was 20.5%. Combination chemotherapy
was associated with a higher ORR and PFS, but did not improve OS [167]. Analysis of
the SEER database of DDCS patients also showed that chemotherapy treatment was not
associated with improved OS and should only be used after careful consideration [168].

However, a retrospective study conducted by Mitchell et al. investigated the treatment
of DDCS, and found that patients received a combination of DOX and CP. Among these
patients, the 5-year survival rate was 36%. It was observed that patients who received
chemotherapy had more favourable outcomes than those who did not receive chemotherapy
or were treated with surgery alone. Notably, the number of patients in each group was very
small [169]. Also, in a study by Kawaguchi et al. of ifosfamide therapy and chemotherapy
in DDCS, chemotherapy was administered with surgery or in combination with radiation
therapy and pre- or postoperatively. The treatment regimens used included a combination
of DOX, CP, and IF. Cytostatic doses were 60-75 mg/m? DOX, 100-120 mg/m? CP and
10 g/m? IF in three to four preoperative and one to nine post-operative cycles. The median
disease-specific survival time was 18 months. The survival rates were 33% and 15%.
Patients treated with IF had 2- and 5-year survival rates of 54% and 27%, and patients not
treated with IF had 2- and 5-year survival rates of 17% and 6%, respectively. This study
reports an apparent benefit of chemotherapy on survival in patients with DDCS. However,
ifosfamide therapy caused acute renal toxicity and encephalopathy [165]. In addition, the
2021 study by Hompland et al. also noted renal toxicity and neurotoxicity, but also that
chemotherapy could be considered in patients with DDCS. They administered 60 mg/m?
DOX, 100 mg/m? CP, 6 g/m? IF, and 8 g/m? MTX to patients with poor histologic response.
Patients received chemotherapy in nine cycles if it was neoadjuvant treatment, three cycles
for primary chemotherapy, and six cycles for postoperative chemotherapy. The median
OS was 24 months, and the 5-year survival was 39%. Patients older than 40 years had
the best outcomes [166]. The van Maldegem et al. study, which used chemotherapeutic
treatment in DDCS, showed that doxorubicin monotherapy appears to have an unexplained
better PFS than combination therapy based on doxorubicin with cisplatin and methotrexate
(5.5 vs. 2.8 months) [168]. In the most recent study, 36 patients underwent systemic
therapy, 13 receiving therapy in the neo/adjuvant setting and 30 receiving therapy for
metastatic disease, with 7 receiving chemotherapy in both settings. The most frequently
administered regimen was doxorubicin and cisplatin (AP), sometimes with methotrexate
(n = 15). Gemcitabine/docetaxel (GD) (n = 10) was also commonly used in the metastatic
setting. The overall response rate to systemic therapy was 9% (n = 4), with no complete
responses observed. Among the respondents, three were treated with an anthracycline-
based regimen, including two patients who received a combination of doxorubicin and
ifosfamide (AI) and one receiving doxorubicin and cisplatin (AP). One patient received
single-agent pembrolizumab. Most patients experienced disease progression as the best
response to treatment (55%, n = 26) [162].

DDCS remains a major therapeutic challenge. When comparing studies examining
chemotherapy’s efficacy in DDCS, treatment remains controversial and generally does not
significantly impact overall survival. However, recent studies have shown that chemother-
apy can be considered for treating patients older than 40 [20,21,159,166,168,170].

6.5.2. Immunotherapy

In addition to various palliative treatment options, there is growing clinical evidence
suggesting the potential of immunotherapy as a viable option for patients with advanced
DDCS. However, the studies investigating the effectiveness of immunotherapy in advanced
DDCS are limited.

In a case report study by Singh et al., which examined the effect of immunotherapy
on PD-L1-positive DDCS, pembrolizumab (200 mg every 3 weeks) was administered after
palliative resection. The patient showed a remarkable response with regression of metastatic
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foci and a complete sustained response for 24 months [58]. Among 22 whole-tissue samples
of DDCS analysed by Kostine et. al., PD-L1 expression was seen in 52% of samples and was
associated with high T-cell infiltration. The median OS was 10 months for patients with
PD-L1 positive DDCS and 19 months for patients with PD-L1 negative tumour, although
PD-L1 expression did not significantly correlate with overall survival [64]. The study by
Iseulys et al. in 49 tumour samples showed PD-L1 positivity in 42% of the patients. They
have found that tumour-associated macrophages were the dominant type of immune cell
in the immune environment of chondrosarcoma [171]. Areas of high lymphocyte density
and PD-L1 expression were correlated with dedifferentiated parts of the tumour. This
suggests that immunotherapy could be directed at this component of tumours, which is
usually resistant to chemotherapy [172]. According to Tawbi et al., 95% of patients had a
progression event after receiving 200 mg of pembrolizumab every 3 weeks. The median
PFS was 8 weeks; the median OS was 52 weeks [61]. Wagner et al. published results of
67-year-old man treated with intravenous injection (iv) of nivolumab 240 mg every 2 weeks.
The study demonstrated a partial response after four cycles of nivolumab. The tumour was
positive for PD-L1 as PD-L1 expression was identified [173]. Also, in the study by Paoluzzi
et al. patients were treated with the PD-L1 inhibitor, nivolumab. The studies demonstrated
a partial response after six cycles of nivolumab with only 6% ORR. Interestingly, one patient
with DDCS observed a partial response and a higher PD-L1 expression than all other tested
patients (20% vs. less than 5%) [174].

One of the interesting studies is the ImmunoSarc phase 1/2 study of sunitinib (SU)
and/or nivolumab (NI) plus chemotherapy in advanced soft tissue and bone sarcomas.
One of the eight cohorts is for patients with DDCS. Their main objective is to assess the
combination of efficacy of the sunitinib plus nivolumab measured by progression-free
survival rate (PFSR) at 6 months and secondary endpoints OS and ORR. 37.5 mg/day
SU i.v. was given in days 1-14 and then reduced to 25 mg/day and 3 mg/Kg NI was
given every 2 weeks from week 3. The cohort results show one patient with DDCS lasting
22 months and ongoing (complete response 2.5%) [175].

6.5.3. Targeted treatment

Multiple preclinical studies suggest that cell proliferation and survival pathways
may be potential therapeutic targets for treating DDCS, using tyrosine-kinase inhibitors
(TKI) or IDH inhibitors or monoclonal antibodies (MoAb). A preclinical study by Zhang
et. al. showed that in chondrosarcoma cells, multiple tyrosine-kinase receptors (TKR)
are highly activated and have a crucial role in mediating DDCS cells growth. These au-
thors explored the effect of targeting the common TKR signaling pathways. They found
that the dual pan-class I inhibitor phosphoinositide 3-kinase (PI3K)/mTOR BEZ235 sig-
nificantly inhibits chondrosarcomas’ growth in vivo and in vitro. In 44% of the clinical
samples, strong phosphorylation of S6 kinase was detected, and a surrogate of the ac-
tivity of the phosphoinositide-3 kinase/mammalian target of rapamycin (PI3K/mTOR)
pathway activity was detected after treatment with TKI. This suggests that TKRs are
important mediators of chondrosarcoma cell growth and may be a promising target for
future therapies [176]. Increased activation of the PI3K/mTOR pathway is also often
associated with resistance to cytotoxic therapies, which make it a promising target for
future pharmacological interventions [160]. Sadly, in most triasl of mTOR inhibitors in-
cluding the everolimuas NCT02008019 CHONRAD trial NCT02008019, mesenchymal,
dedifferentiated, clear cell subtype chondrosarcoma, and soft tissue chondrosarcoma are ex-
cluded from the study. In a study conducted on chondrosarcoma cell lines, Polychronidou
et al. demonstrated that the constitutive activation of PI3K/mTOR may be mediated by
the overexpression of platelet-derived growth receptor (PDGFR) and insulin-like growth
factor 1 receptor (IGF-R1) [177].

Furthermore, chondrosarcoma kinome analysis showed constitutive activation of
PI3K/mTOR, PDGFR and Src pathways [178]. A retrospective study by Molho et al. of
unresectable chondrosarcoma (10% of total was DDCS), who were treated with the mTOR
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inhibitor sirolimus in combination with cyclophosphamide, showed that the disease control
rate was 70%, the median PFS was 13.4 months, and the median OS was 15.5 months [179].
Currently torisel and liposomal doxorubicin are tested in patients with advanced soft tissue
and bone sarcomas in Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins
University in a NCT00949325 trial. In another mTOR trial, sapanisertib was tested only in
xenografts and cell lines [180].

Unlike mTOR studies the Italian Sarcoma Group in the phase II trial of imatinib in
patients with nonresectable high-grade chondrosarcomas did not show significant clinical
activity, even though imatinib was well tolerated [181]. Additionally, in study by Schrage
et al., using kinome profiling in primary chondrosarcoma cultures, imatinib did not show
any effect on chondrosarcoma cells. In contrast, dasatinib may provide a potential thera-
peutic benefit for chondrosarcoma patients who are not qualified for surgery, because a
decrease in cell viability at nanomolar concentrations was found in seven of nine chon-
drosarcoma cultures [178]. In the phase II study of patients with CS (almost 31% of the
trial) with dasatinib administration (dasatinib was given 100 mg orally once a day and the
treatment cycle was 28 days) in Choi Response Criteria ORR was 15%, 6-month PFS was
47%, median PFS was 5.5 months, 2-year OS was 56%, and 5-year OS was 9%. In RECIST
Response Criteria ORR of CSis 0% [182]. Preliminary clinical data from dasatinib treatment
in patients with chondrosarcoma have shown modest efficacy and support further study of
dasatinib in CS [182,183].

IDH-targeted therapies trials also recruited patients with dedifferentiated chondrosar-
coma. Six patients had a dedifferentiated histology in a trial with Mutant IDH1 In-
hibitor Ivosidenib. In this trial, the median progression-free survival (PFS) duration was
5.6 months, with a 95% confidence interval ranging from 1.9 to 7.4 months. The PFS
rate at the 6-month mark was 39.5%. Of the 21 patients, 11 individuals (52%) achieved
stable disease during the study [77]. There are multiple other IDH-targeted therapies in
development [184]. In a phase II trial, the compound AG-120 is tested in patients with chon-
drosarcoma mutant IDH1. At the same time, the same time phase I trial of oral LY3410738
is also ongoing in patients with advanced solid tumours mutant with isocitrate dehydro-
genase 1 (IDH1) arginine 132 (R132), including but not limited to cholangiocarcinoma,
chondrosarcoma and glioma or isocitrate dehydrogenase 2 (IDH2) arginine 140 (R140) or
arginine 172 (R172) mutant cholangiocarcinoma. For these trails, no data is yet available.
In a trial, NCT02273739 AG-221 (IDH2 inhibitor) and NCT02073994 trial AG-120 (IDH1
inhibitor) are also tested [181].

In addition to the signaling pathways mentioned, chondrosarcoma also exhibits strong
activation of the Hedgehog pathway and GDC-0449 (Hedgehog inhibitor) is of interest in
chondrosarcoma [180]. The French Sarcoma Group, in phase II of a collaborative study
of antagonists of the Hedgehog signal pathway vismodegib (GDC-0449) in patients with
advanced CS (11% DDCS), administered 150 mg/day GDC-0449 in a 28-day cycle. In
RECIST, Response Criteria ORR was 0%, 6months PFS was 28%, and median PFS was
3.5 months. The median OS was 12 months. Although there are Hedgehog pathway
abnormalities in DDCS, the applications in this study of vismodegib did not reach the
primary endpoint [185]. The latest study of signaling pathways, involving an enhancer of
zeste 2/human sulfatase (EZH2/SULF1) axis in mice, demonstrated that the EZH2/SULF1
axis mediates cMET pathway in chondrosarcoma. The researchers showed that cMET
inhibitors, such as crizotinib, provide a therapeutic potential for further development as a
targeted therapy in chondrosarcoma [186].

7. Clinical Trials

There are no clinical trials specifically dedicated to DDCS. In general, early-phase
clinical studies allow enrolling patients with different tumour types, including DDCS, to
assess the safety and the preliminary signs of efficacy [39,180]. Few trials enrol only patients
with sarcoma, especially with the dedifferentiated mesenchymal subtype. An interesting
study assessing a new strategy is the trial of LN-145 or LN-145-51 in treating patients with
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relapsed or refractory ovarian cancer, triple-negative breast cancer (TNBC), anaplastic thy-
roid cancer, soft tissue sarcomas, osteosarcoma, or another bone sarcoma including DDCS
(NCT03449108) [187]. This phase 2 study assesses how well autologous tumour-infiltrating
lymphocytes LN-145-51 work in patients with refractory DDCS. The participants receive
LN-145-51 in combination with immunotherapy (nivolumab and ipilimumab). TILs LN-
145-S1 are autologous tumour-infiltrating lymphocytes (TILs) isolated from an autologous
tumour sample and expanded ex vivo in the presence of interleukin-2 (IL-2). The LN-145-51
TILs specifically recognize, target, and kill patient tumour cells [188]. The efficacy is as-
sessed using RECIST 1.1 and the primary end-point is ORR. Secondary endpoints include
DCR, DOR, PFS, OS, and the safety profile of adoptive cell therapy with tumour-infiltrating
lymphocytes (TIL) in solid tumours. According to the NCCN 2023 guidelines in patients
with metastatic chondrosarcoma, participation in any type of clinical trial participation
is a valuable option [189]. Patients with dedifferentiated chondrosarcoma are eligible for
the NCT02821507 trial of Sirolimus and cyclophosphamide in metastatic or unresectable
myxoid liposarcoma and chondrosarcoma, and in the NCT01267955 trial of Vismodegib
to treat patients with advanced chondrosarcomas. Patients with cholerasarcoma are also
recruited in the NCT02389244 trial, a Phase II Study Evaluating Efficacy and safety of
Regorafenib in Patients With Metastatic Bone Sarcomas (REGOBONE) [190]. regorafenib
Other trials that recruit all sarcoma subtypes are the trial of Sunitinib and/or Nivolumab
Plus Chemotherapy in Advanced Soft Tissue and bone sarcomas with sunitinib/nivolumab,
epirubicin, ifosfamide, doxorubicin, dacarbazine, cisplatin, and methotrexate, as well
NCT03670069 trial with JAK-1 inhibitor Itacitinib in the treatment of patients with refrac-
tory metastatic/advanced sarcomas; NCT03449108 trial of LN-145 or LN-145-S1 in the
treatment of patients with relapsed or refractory ovarian cancer, anaplastic thyroid cancer,
osteosarcoma, or other bone and soft tissue sarcomas [39].

8. Conclusions

DDCS has a poor 5-year survival rate (7-24%); it is difficult to diagnose and no
standard treatment is available. Diagnosis is based on histological and radiological methods,
but they have limitations because they do not always show the dual nature of the tumour
The most common mutation present in DDCS is a mutation in the isocitrate dehydrogenase
(IDH) genes present in almost 60% of lesions. It is a suggested DDCS marker. In addition,
a more aggressive course of the disease is associated with increased gene methylation
in cancer cells. Standard localised treatment is based on surgical resection. There are
no established guidelines for the treatment of advanced-stage patients. Wide surgical
margins are preferred because they correlate with higher survival rates and reduced risk of
recurrence. Palliative treatment is based on immunotherapy and chemotherapy, to which
DDCS is relatively resistant. Often, this characteristic is associated with increased activation
of the PI3K/mTOR pathway, which provides hope for targeted therapy with inhibitors of
the PI3K/mTOR pathway such as sirolimus.

Considering the above, it is important to continue research on DDCS to improve
diagnosis, find more effective therapies, and prevent metastasis. Moreover, DDCS is also
a rare cancer type, so a compendium of knowledge about it is necessary to allow rapid
diagnosis and facilitate the selection of an appropriate treatment type.
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