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Abstract: Chondrosarcomas are a diverse group of malignant cartilaginous matrix-producing neo-
plasms. Conventional chondrosarcomas are a continuum of disease based on the biologic activity of
the tumor. The tumors range from the relatively biologically benign low-grade tumors or intermedi-
ate atypical cartilaginous tumors (ACTs), to malignant, aggressive high-grade tumors. The clinical
presentation, radiographic and pathologic findings, treatments and outcomes vary significantly based
on the histologic grade of the tumor. Chondrosarcomas present a diagnostic dilemma, particularly in
the differentiation between high- and intermediate-grade tumors and that of low-grade tumors from
benign enchondromas. A multidisciplinary team at a tertiary sarcoma centre allows for optimal care
of these patients.
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1. Introduction

Chondrosarcomas are a rare malignant bone tumor arising from cartilage-producing
cells. The present review will provide a comprehensive overview of the epidemiology,
pathology, diagnosis, and treatment of chondrosarcoma. This review will also highlight
emerging treatment modalities and promising areas for future research.

Epidemiology

Chondrosarcomas are considered the second most common sarcoma of bone following
osteosarcoma [1]. Chondrosarcoma accounts for 20–30% of all skeletal sarcomas and
have an estimated incidence of 1 in 200,000 per year in the United States [2]. Recent
literature has suggested that rates of chondrosarcoma are increasing and chondrosarcoma
is now considered the most common primary bone malignancy in several countries due
to the increase in ACTs diagnosed incidentally [3,4]. Chondrosarcoma has a mean age of
presentation of 51, with over 70% of patients over the age of 40 at the time of diagnosis [2,5].
Notably, a rare subtype, mesenchymal chondrosarcoma, presents at a much younger
age, with a peak incidence in the second and third decades of life. Chondrosarcoma
demonstrates a slight predilection towards males; however, this varies by subtype [2,5].

Conventional primary chondrosarcomas are the most common variant and make up
85% of all cases [2]. Other rarer subtypes include secondary chondrosarcomas arising from
benign precursors, and dedifferentiated, periosteal, mesenchymal and clear cell variants.

2. Clinical Presentation
2.1. Location

Chondrosarcomas most commonly present in the bony skeleton, although a small
percentage present as a primary soft tissue mass [5]. These tumors can occur anywhere
throughout the body, with the majority arising within the extremities (45%) followed by
the axial skeleton (31%) [5]. Within the appendicular skeleton, there is a strong predilection
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for the long bones of the lower extremity, with the most common site of disease being the
proximal femur. Within the long bones, the tumors generally originate in the medullary
cavity of the metaphysis, with the exception of clear cell chondrosarcoma which origi-
nates in the epiphysis [6]. Chondrosarcomas also commonly originate in the pelvis, with
approximately 20% of tumors originating from the pelvic bones [5]. Notably, periosteal
chondrosarcomas and secondary peripheral chondrosarcomas arise from the surface of long
bones with periosteal chondrosarcomas having a tendency for the distal femur. Mesenchy-
mal chondrosarcoma demonstrates a more widespread distribution with involvement of
the craniofacial bones, jaw, pelvis and vertebrae [7].

2.2. Signs and Symptoms

Similar to other primary bone malignancies, chondrosarcoma tends to present as
progressive, insidious bony or joint pain that is worse at night [8]. Chondrosarcomas are
often slow growing in nature and the duration of symptoms before diagnosis on average
ranges from 10 to 15 months [9]. Some patients may present following a pathologic fracture
due to the tumor invasion of the surrounding bone and weakening of the normal bony ar-
chitecture, particularly in high-grade tumors [10]. In the case of periosteal chondrosarcoma
or secondary chondrosarcoma arising from an osteochondroma, a palpable mass may be
the first clinical sign and symptom [11]. Benign enchondromas are extremely common and
can present in the setting of pain due to other causes such as rotator cuff tendinopathy. In
these cases, correlation with imaging is critical.

Prompt diagnosis and treatment has the potential to reduce the disease burden and
may help reduce the risk of metastatic spread and thus improve survival. At present,
there are no novel detection methods that have been proven to improve early diagnosis.
However, circulating tumor DNA has emerged as a potential promising biomarker to aid in
both the diagnosis and residual disease detection in a range of tumors. In chondrosarcoma,
isocitrate dehydrogenase (IDH) mutations are commonly found, and early studies suggest
serum IDH DNA can be detected in patients with chondrosarcoma [12]. More research is
needed to validate potential biomarkers and to determine their clinical utility in detecting
chondrosarcoma at an early stage.

3. Imaging
3.1. Plain Radiographs

Plain radiographs with orthogonal views of the entire involved bone should be ordered
as part of the initial workup. In conventional intramedullary chondrosarcoma, radiographs
typically demonstrate mixed lesions with lytic and blastic activity [13]. Classically, the
calcification pattern is described as “rings and arcs”, with the rings representing sclerosis
and the arcs representing chondroid matrix. The distinction between ACTs and enchon-
droma is difficult and plain radiographs are not reliable in differentiating between the
two entities [14,15]. Both ACTs and enchondromas tend to demonstrate a geographic lesion
with lobular margins. Larger lesions (>5 cm) in the proximal metaphysis and endosteal
scalloping favor a diagnosis of ACT [13,14] (Figure 1).

High-grade tumors usually present as larger lesions with less mineralization, with a
moth-eaten appearance and permeative bone destruction (Figure 2A,B) [15]. Higher-grade
lesions can cause more extensive endosteal scalloping that can result in cortical destruction
or pathologic fracture. Soft tissue masses are seen in approximately 50% of cases. However,
despite these characteristic differences, plain radiographs are not reliable in determining
tumor grade [15].
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Figure 1. Radiograph (A) of the left proximal humerus demonstrates subtle lucency with internal 
stippled calcified foci (yellow arrow), in keeping with chondroid matrix. Subtle endosteal scalloping 
is present (white arrows) without cortical breakthrough or periosteal reaction. Sagittal (B) and axial 
(C) T2-weighted images with fat saturation of the same patient demonstrating a lobulated T2 hy-
perintense mass. A few stippled areas of low signal intensity represent chondroid matrix (white 
arrow). The lesion measures greater than 5 cm in length. Axial images demonstrate endosteal scal-
loping at the anterolateral border. No periostitis or cortical breakthrough. Imaging features are in 
keeping with an atypical cartilaginous tumor, which was confirmed on pathology after surgical cu-
rettage. 

High-grade tumors usually present as larger lesions with less mineralization, with a 
moth-eaten appearance and permeative bone destruction (Figure 2A,B) [15]. Higher-grade 
lesions can cause more extensive endosteal scalloping that can result in cortical destruc-
tion or pathologic fracture. Soft tissue masses are seen in approximately 50% of cases. 
However, despite these characteristic differences, plain radiographs are not reliable in de-
termining tumor grade [15]. 

Figure 1. Radiograph (A) of the left proximal humerus demonstrates subtle lucency with internal
stippled calcified foci (yellow arrow), in keeping with chondroid matrix. Subtle endosteal scalloping
is present (white arrows) without cortical breakthrough or periosteal reaction. Sagittal (B) and axial
(C) T2-weighted images with fat saturation of the same patient demonstrating a lobulated T2 hyper-
intense mass. A few stippled areas of low signal intensity represent chondroid matrix (white arrow).
The lesion measures greater than 5 cm in length. Axial images demonstrate endosteal scalloping at
the anterolateral border. No periostitis or cortical breakthrough. Imaging features are in keeping with
an atypical cartilaginous tumor, which was confirmed on pathology after surgical curettage.

3.2. Cross-Sectional Imaging

Magnetic resonance imaging (MRI) with and without contrast is the gold standard in
diagnostic imaging for chondrosarcomas [16,17]. Magnetic resonance imaging of the entire
bone should be performed to assess for skip lesions. MRI clearly demonstrates the extent
of the tumor, invasion into the surrounding soft tissues and relationship to surrounding
critical structures. Typically, chondrosarcomas demonstrate low intensity on T1-weighted
images, high intensity on T2-weighted imaging with post-contrast enhancement depending
on the histologic grade [18]. Computed tomography is the best modality to visualize bony
destruction and the pattern of matrix mineralization but is not required for diagnosis
(Figure 2C).

Similar to plain radiographs, differentiating between benign enchondromas and low-
grade chondrosarcomas or ACTs is challenging with MRI. The findings of cortical thicken-
ing, intramedullary edema, bony expansion and entrapped fat are suggestive of an ACT
but not diagnostic (Figure 1B,C) [19,20]. There continues to be significant interobserver
variability and misdiagnosis with MRI as a diagnostic tool in the evaluation of ACTs and
the diagnosis cannot be made on imaging alone [19].

When compared to ACTs, high-grade chondrosarcomas have a higher prevalence of
loss of entrapped fatty marrow, cortical breakthrough and extraosseous soft tissue masses
(Figure 3A,B) [18]. These findings are neither pathognomonic nor universally present and
MRI findings must be considered in the setting of clinical and histologic findings when
differentiating between ACTs and high-grade chondrosarcomas.
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Figure 2. AP (A) and lateral (B) radiographs demonstrate an aggressive, heterogenous lytic lesion 
in the left proximal humerus with a wide zone of transition (white arrows). The lesion measures 
greater than 5 cm in length. Chondroid matrix is demonstrated. Periosteal reaction is present at the 
lateral aspect. There is a large area of cortical breakthrough at the anterior cortex, in addition to 
numerous areas of endosteal scalloping. Computed tomography (C) further demonstrates the cor-
tical disruption and chondroid matrix formation (white arrow). 
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Figure 2. AP (A) and lateral (B) radiographs demonstrate an aggressive, heterogenous lytic lesion
in the left proximal humerus with a wide zone of transition (white arrows). The lesion measures
greater than 5 cm in length. Chondroid matrix is demonstrated. Periosteal reaction is present at
the lateral aspect. There is a large area of cortical breakthrough at the anterior cortex, in addition to
numerous areas of endosteal scalloping. Computed tomography (C) further demonstrates the cortical
disruption and chondroid matrix formation (white arrow).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 5 of 15 
 

 

 
Figure 3. Axial (A) and coronal (B) T2-weighted, fat-saturated MR images of the same patient in 
Figure 2 confirm present of a chondroid lesion (yellow circle) with aggressive features, including 
cortical breakthrough (white arrow) and numerous areas of endosteal scalloping (yellow arrow). 
There is a significant amount of extra-osseous chondroid tumor. Perilesional edema (red arrow) is 
seen extending into the adjacent soft tissues. 
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chondrosarcoma is the cartilaginous cap. A cartilage cap thickness ≥2 cm is suggestive of 
the presence of a secondary chondrosarcoma [11,21]. However, there is a wide range of 
reported cartilage cap thickness in both osteochondromas and secondary chondrosarco-
mas and the size of the cap cannot be used in isolation to differentiate between the two 
[11]. 

4. Diagnosis and Staging 
4.1. Biopsy 

Biopsy and subsequent histologic grading of lesional tissue is imperative and helps 
to direct therapeutic decision making. However, histologic grading of cartilaginous tu-
mors is challenging and is subject to high rates of interobserver variability [15,22]. Addi-
tionally, there is a high rate of biopsy sampling error, particular in pelvic-based lesions 
[23]. The preoperative histologic grade should be taken into consideration alongside radi-
ologic and clinical assessment in determining optimal management [24]. 

Lesional tissue can be obtained through open surgical techniques or percutaneously, 
often with image guidance. Although open biopsy remains the gold standard, image 
guided percutaneous techniques offer several advantages including reduced cost, lower 
rates of tumor seeding and the ability to more readily biopsy deep lesions [25–27]. Core 
needle biopsies have demonstrated relatively high concordance with the final pathologic 
analysis in chondrosarcoma, particularly in long bone tumors [28,29]. 

  

Figure 3. Axial (A) and coronal (B) T2-weighted, fat-saturated MR images of the same patient in
Figure 2 confirm present of a chondroid lesion (yellow circle) with aggressive features, including
cortical breakthrough (white arrow) and numerous areas of endosteal scalloping (yellow arrow).
There is a significant amount of extra-osseous chondroid tumor. Perilesional edema (red arrow) is
seen extending into the adjacent soft tissues.
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Secondary chondrosarcomas arising from osteochondromas represent a variant with
unique imaging features. The section of the osteochondroma that dedifferentiates into
chondrosarcoma is the cartilaginous cap. A cartilage cap thickness ≥2 cm is suggestive of
the presence of a secondary chondrosarcoma [11,21]. However, there is a wide range of
reported cartilage cap thickness in both osteochondromas and secondary chondrosarcomas
and the size of the cap cannot be used in isolation to differentiate between the two [11].

4. Diagnosis and Staging
4.1. Biopsy

Biopsy and subsequent histologic grading of lesional tissue is imperative and helps to
direct therapeutic decision making. However, histologic grading of cartilaginous tumors is
challenging and is subject to high rates of interobserver variability [15,22]. Additionally,
there is a high rate of biopsy sampling error, particular in pelvic-based lesions [23]. The
preoperative histologic grade should be taken into consideration alongside radiologic and
clinical assessment in determining optimal management [24].

Lesional tissue can be obtained through open surgical techniques or percutaneously,
often with image guidance. Although open biopsy remains the gold standard, image
guided percutaneous techniques offer several advantages including reduced cost, lower
rates of tumor seeding and the ability to more readily biopsy deep lesions [25–27]. Core
needle biopsies have demonstrated relatively high concordance with the final pathologic
analysis in chondrosarcoma, particularly in long bone tumors [28,29].

4.2. Staging

Current guidelines recommend plain radiographs and cross sectional imaging of the
entire involved bone to evaluate the lesion and assess for skip metastases [16,17]. Mag-
netic resonance imaging demonstrates the extent of tumor invasion into the surrounding
tissues, relationship to critical structures and presence of skip lesions. In the setting of
contradictions to MRI, computed tomography (CT) can be utilized. A CT scan of the
chest should be performed in all patients to detect the presence of pulmonary metastases.
Radionuclide bone scan with technetium-99 or whole body fluorodeoxyglucose positron-
emission tomograph/CT (FDG PET/CT) are currently recommended to detect skeletal
metastases [16,17].

There is no chondrosarcoma-specific staging system; therefore, chondrosarcomas are
generally staged using either the Enneking classification or the American Joint Committee
on Cancer (AJCC) Staging systems for bone sarcomas [30,31]. The Enneking classification
is based on tumor grade, soft-tissue extension, and the presence of metastases. The AJCC
also evaluates tumor size and location as they have been shown to have prognostic value
in bone sarcomas.

5. Subtypes, Diagnostic and Molecular Pathology
5.1. Conventional Central Chondrosarcoma

Conventional central chondrosarcoma is the most prevalent variant and represents
85% of all chondrosarcomas with a peak incidence in the 5th to 7th decades of life [2]. These
tumors have a predilection to the long bones and pelvis, with the most common sites of
disease being the proximal and distal femur, proximal humerus, and pelvis [32]. As with
other primary bone malignancies, disease presentation in the long bones confers a survival
benefit when compared to chondrosarcoma in the pelvis and axial skeleton [33].

On gross pathology, chondrosarcomas demonstrate a translucent lobular white cut
surface which represents the hyaline cartilage [34]. Areas of mineralization present as
yellow-white, chalky areas of calcium deposits. There may be cortical scalloping or de-
struction with associated soft tissue masses depending on tumor grade. Chondrosarcomas
are graded on a scale of 1–3 according to the World Health Organization (WHO) [34].
The universal histopathological features of chondrosarcoma are the presence of hyaline
cartilage matrix, architectural changes such as a permeative pattern, entrapment of the
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pre-existing lamellar bone trabeculae, myxoid matrix changes and cellular changes includ-
ing increased cellularity, cellular atypia of chondrocytes, binucleated cells and variable
mitotic activity (Figure 4). Tumor grade is based on cellularity, cellular/ nuclear atypia and
mitoses (Figure 5). Importantly, grade 1 tumors of the appendicular skeleton (long and
short tubular bones) are termed atypical cartilaginous tumors (ACTs) given their lack of
overtly malignant behaviour. The term ‘grade 1 chondrosarcoma’ is used for low-grade
axial cartilaginous tumors (flat bones—pelvis, scapula and skull base) as these tumors have
poorer outcomes when compared to ACTs of the extremities [34].
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number of humans with undetected osteochondromas [35,36]. In patients with Ollier’s 
Disease or Maffucci Syndrome, the risk of malignant transformation of an enchondroma 
is markedly elevated at 10–40% [11]. 
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Figure 5. Microscopic images. Chondrosarcoma grading is based on the cellularity, cellular and
nuclear pleomorphism/atypia and mitotic activity (H&E ×200). Grade 1/ACT is characterized by
mild cellular atypia with small chondrocytes and nuclei. Grade 2 tumors are marked by increasing
cellular atypia, increased nuclear size and binucleated cells. Grade 3 tumors are marked cellular
atypia with nuclear enlargement and polymorphism.

There are overlapping histological features of enchondromas and central ACT/chondro
sarcoma grade 1 (CS1). ACT/CS1 tumors demonstrate higher cellularity, irregular distribu-
tion of cells and more binucleated cells. More importantly, architectural criterion should be
met including the presence of an entrapment growth pattern and an absence of encasement.
Additionally, the presence of more than 20% myxoid matrix changes would favor the
diagnosis of ACT/CS1 over enchondroma. Grade 2 tumors have increased cellularity, more
prominent cellular and nuclear atypia and myxoid change compared to ACT/CS1. Grade 3
tumors demonstrate further increased cellularity, nuclear and cellular pleomorphism and
easily found mitoses [34].



J. Clin. Med. 2023, 12, 2506 7 of 14

5.2. Secondary Chondrosarcomas

Secondary chondrosarcomas can arise centrally from a pre-existing enchondroma
or peripherally from an osteochondroma. The risk of malignant transformation of an
osteochondroma to a secondary chondrosarcoma is approximately 1% for solitary lesions
and 5% for multiple lesions, although this is likely a gross overestimate due to the unknown
number of humans with undetected osteochondromas [35,36]. In patients with Ollier’s
Disease or Maffucci Syndrome, the risk of malignant transformation of an enchondroma is
markedly elevated at 10–40% [11].

Grossly, secondary central chondrosarcomas appear similar to the conventional sub-
type, whereas peripheral secondary chondrosarcomas demonstrate a thickened cartilage
cap (>2 cm) which may have cystic changes in the cartilaginous portion [34]. Secondary
chondrosarcomas are most commonly low-grade tumors and the histological grading
is similar to that of conventional tumors [11]. However, when secondary central chon-
drosarcomas arise from Ollier’s Disease or Maffucci Syndrome, it is difficult to distinguish
between enchondromas and ACTs based on histopathological features such as cellularity
and nuclear atypia. The differentiation is made based on a more infiltrative growth pattern
alongside changes in clinical status and radiographs [11].

5.3. Rare Subtypes

The remaining 10–15% of chondrosarcomas are relatively rare subtypes with distinct
clinical presentations, histopathology and radiographic findings that distinguish them from
conventional chondrosarcoma (Table 1).

Table 1. Characteristics of rare chondrosarcoma variants [6,7,34,37–39].

SUBTYPE Age Location Radiology Histopathology

Dedifferentiated 60–80 Femur, pelvis,
humerus

Aggressive, destructive
cartilaginous tumor

Low-grade chondrosarcoma
with abrupt transition to

high-grade
non-cartilaginous sarcoma

+ PD-L1
+ IDH1

Periosteal 20–40
Metaphyseal of long

bones (femur
and humerus)

Large lesions (>5 cm),
arise from periosteum.
Rarely medullary canal

involvement

Resemble grade I–II
conventional

chondrosarcoma
+ IDH1

Mesenchymal 20–30

Wide variation,
including

extraskeletal soft
tissue involvement

Primarily lytic,
aggressive with wide

zone of transition

Biphasic; portions of poorly
differentiated small round
or spindled mesenchymal
cells mixed with islands of

hyaline cartilage

+ S100
+ SOX9
+ Bcl-2
− IDH

Clear Cell 25–50
Epiphyseal,

primarily proximal
femur and humerus

Well defined, lytic,
epiphyseal-based lesions

Sheets of cells with large
round nuclei. Cells have a

distinct pale or
clear cytoplasm

+ S100
+ SOX9
+ Bcl-2
− IDH

6. Molecular Characteristics

Given the resistance to systemic chemotherapy and radiotherapy, an understanding of
the molecular characteristics and potential therapeutic targets is an area of interest. The
Indian Hedgehog (IHH) pathway plays an important role in chondrocyte differentiation
and upregulation of this pathway appears to play a role in the pathogenesis of conven-
tional chondrosarcoma [40]. A number of targeted therapies have been studied and have
demonstrated positive effects in animal models [41]. However, these therapies have failed
to demonstrate significant benefit in phase 2 clinical trials [42,43].

Isocitrate dehydrogenase (IDH) represents a family of enzymes that play a role in the
Krebs Cycle. Interestingly, mutations in the IDH1 and IDH2 genes are found in 50–70% of
chondrosarcomas and are implicated in chondrosarcoma tumorigenesis [44]. IDH inhibitors
have been investigated in a number of solid tumors, including chondrosarcoma [45,46].
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However, IDH inhibitors have a significant toxicity profile and clinical data in chondrosar-
coma are still limited. A number of trials are currently underway to determine the efficacy
of IDH inhibitors on chondrosarcoma and other solid tumors [47].

The mTOR pathway and the PI3K-AKT signaling network are crucial regulators of
cell metabolism, survival, and proliferation. Preclinical studies have shown the clinical
relevance of these pathways in chondrosarcoma [48]. Small in vivo experiments have
demonstrated mixed results with larger-scale trials needed [49]. Finally, the SRC pathway
has also been proposed as a potential therapeutic target for the systemic management of
chondrosarcoma. SCR proteins are cellular tyrosine kinases and tyrosine kinase inhibitors
have been investigated in doxyrubicin-resistant chondrosarcoma, with some success in
preclinical models [50].

7. Management

Each patient diagnosed with chondrosarcoma will require a tailored treatment plan.
Factors including tumor location, grade and relationship to critical structures, alongside
patient factors and the presence of metastases, must be evaluated by a multidisciplinary
team to determine the optimal treatment plan for each patient.

Surgical management remains the mainstay of treatment for conventional chondrosar-
coma as both radiation and chemotherapy have been shown to be ineffective. The relatively
slow growth and low mitotic division and restricted drug penetration due to the poor
vascularity of the tumor makes it resistant to conventional chemotherapy and radiation
therapy [51].

With the exception of ACTs, the majority of chondrosarcomas are treated with wide
surgical excision. Historically, these patients were treated with amputation to maximize
local control and reduce the risk of metastases. However, advances in cross-sectional
imaging and reconstruction options, the majority of patients are able to undergo limb-
salvage procedures [52]. Modern limb-salvage techniques allow for similar survival rates
and improved functional outcomes when compared to amputations [53]. Given this,
primary amputation for the management of extremity chondrosarcoma is usually reserved
for patients with very extensive and invasive disease [54].

Obtaining negative surgical margins is paramount as this may be the only modifiable
risk factor in the treatment of chondrosarcoma [55,56]. However, what constitutes an ade-
quate negative margin varies significantly in the literature and has not been accurately de-
fined [55,57]. In intermediate- and high-grade chondrosarcomas, positive surgical margins
are significant risk factors for both local recurrence and disease-specific survival [55–57].

Reconstruction options vary widely and depend on patient characteristics, tumor
factors and surgeon preference. The choice to reconstruct must take into account patient
considerations including age, functional demands and expectation of the patient. Patients
who are older or with significant comorbidities may be too high risk for a complex and
extensive reconstruction operation [54,58]. The tumor location, size and relationship
to important structures including joints and neurovascular structures also dictate the
resection and subsequent reconstruction. Endoprosthetic reconstructions have increased in
popularity and tend to be the most common modern reconstruction options in patients with
chondrosarcoma [59,60]. Other options involve allograft or allograft/prosthetic composite
(APC) reconstructions. Given the advances in endoprosthetic reconstructions and the older
age of presentation in chondrosarcoma, they are the mainstay for reconstruction following
tumor resection.

7.1. Intrapelvic Tumors

Pelvic chondrosarcomas represent a challenging subset of patients with generally
poor survivorship when compared to chondrosarcomas of the extremities [61]. Patients
with pelvic tumors tend to present later, with larger tumors. Given the complex anatomy
of the pelvis and proximity to critical structures, resection of pelvic chondrosarcomas is
challenging and has high rates of positive margins and complications [62].
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Importantly, grade 1 pelvic chondrosarcomas should not be called ACTs by the WHO
given their higher rates of misdiagnosis, recurrence and metastatic potential [34]. Given
this, wide resection with negative margins is recommended for pelvic chondrosarcomas
of any grade [62]. Surgical management of pelvic-based chondrosarcomas consists of
either a limb-salvage internal hemipelvectomy or hindquarter amputation. When deciding
between limb salvage and amputation, the ability to conserve the sciatic nerve, femoral
neurovascular bundle and the hip joint must be considered. Generally, preservation of two
of these vital structures is required for limb salvage.

If a limb-salvage procedure is undertaken, the need for and type of reconstruction
are individualized based on tumor and patient factors. Lesions isolated to the iliac wing
(Type I) or pubic rami (Type III) can often be treated with resection alone. Type II resections
of the periacetabulum represent the most challenging operations in both resection and
reconstruction. One option is the Friedman–Eilber resection in which the tumor is resected
and the pelvis is left unreconstructed [63]. Although this requires a long recovery time and
may reduce functional outcomes, it avoids many of the complications that are associated
with reconstruction. There are a variety of reconstruction options including endoprosthetic
prosthesis or allograft/prosthetic composites. The ice-cream prosthesis is a modern option
that is fixed into the ilium and has demonstrated improved functional outcomes and
reduced complications compared to historical methods [64,65].

There is a growing body of literature that advocates for the use of computer navigation
in the resection of pelvic tumors. Intraoperative computer navigation is thought to allow
for improved intraoperative accuracy of tumor resections, allowing for negative margins
while minimizing excessive healthy tissue resection [66,67]. However, the current data are
limited to short-term case series and larger, prospective studies are required to validate
its use.

In patients with extensive disease in which a resection would not provide clear mar-
gins, hindquarter amputation can be considered. With modern anesthetic and perioperative
techniques, hindquarter amputations carry a 1% perioperative mortality and require pro-
longed recovery [68]. Recent literature has demonstrated that younger patients have
improved overall survival with reasonable functional outcomes [69].

7.2. Atypical Cartilaginous Tumors

ACTs are low-grade locally aggressive tumors of the appendicular skeleton and are
considered as intermediate tumors by the 2020 WHO classification due to their limited
metastatic potential [34]. The current standard of care for the treatment of ACTs is in-
tralesional curettage, with the consideration of adjuvants including phenol, ethanol or
cryotherapy [70]. Cement or bone grafting is utilized to fill the defect with prophylactic
surgical stabilization if required. Current literature suggests that intralesional curettage
yields similar recurrence and metastatic rates when compared to more wide resection
procedures [71]. However, in the cases of recurrent ACTs, wide excision is recommended
as recurrence is suggestive of aggressive biologic behaviour [72]. Although secondary
chondrosarcomas are primarily low-grade tumors, they represent a distinct entity and
should undergo wide resection as intralesional curettage has demonstrated high recurrence
rates [11,21].

8. Metastatic Disease

While chondrosarcoma is a slow-growing tumor, it has the potential to metastasize
to other bones and soft tissues, with the lung being the most common site of metastasis.
The risk of metastasis varies depending on the grade of the tumor, with high-grade and
de-differentiated tumors having the highest risk of metastases.

The mechanism of metastasis in chondrosarcoma is not fully understood but it is
believed to involve several factors, including the size and location of the primary tumor,
the presence of dedifferentiated components, and the invasiveness of the tumor. Chon-
drosarcomas can also secrete various factors that promote tumor growth and metastasis,
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including matrix metalloproteinases and vascular endothelial growth factor. The treatment
of metastatic chondrosarcoma typically involves systemic therapy, with surgical resection
of primary bony tumor being advocated for by some authors [73].

Systemic Therapy and Advanced Disease

For patients with advanced chondrosarcoma due to unresectable tumors or metastatic
spread, treatment options are limited due to their poor response to both chemotherapy
and radiation. Given the lack of efficacy, there are no standard recommendations for
chemotherapy regimes for patients with advanced conventional chondrosarcoma. There
are some retrospective data that support the use of doxorubicin and cisplatin for modest
improvements in overall survival; however, toxicities must be considered in light of the
minimal efficacy of these drugs in the clinical setting of chondrosarcoma [74,75].

Mesenchymal chondrosarcomas are a rare variant that occur in younger patients and
have distinct clinical features. Several retrospective studies have demonstrated reduced
recurrence and increased survival with (neo)adjuvant chemotherapy [76,77]. Current
guidelines from both the National Comprehensive Cancer Network (NCCN) and the
European Society of Medical Oncology (ESMO) advocate for chemotherapy regimens
similar to those utilized in patients with Ewing’s Sarcoma [16,17].

Dedifferentiated chondrosarcoma is another variant that should be considered sepa-
rately with respect to systematic therapy. Dedifferentiated chondrosarcomas are extremely
biologically aggressive, with poor survival rates. Chemotherapy has demonstrated im-
proved disease-free survival in this variant and current guidelines suggest that patients
with dedifferentiated chondrosarcoma could be considered candidates for osteosarcoma
regimes [16,74,78]. However, these regimens often cannot be tolerated in the population in
which these tumors present (older adults and elderly). Dedifferentiated chondrosarcomas
often express PD-L1 and there are ongoing trials evaluating the efficacy of biologic agents
targeting PD-L1 (NCT04458922) [79].

9. Prognosis

The prognosis of chondrosarcoma varies widely and is based on tumor grade, stage
and subtype. Atypical cartilaginous tumors have excellent survival with 5-year survival
rates >90% [4]. Similarly, secondary chondrosarcomas have high 5-year survival rates of
approximately 90% [11,21,80,81]. Survival worsens with increasing tumor grade, and 5-year
survival rates for grade II and grade III chondrosarcomas are 75% and 30%, respectively [4].
The presence of metastases at presentation is an independent predictor of survival. Patients
with metastatic disease at presentation have a 5-year survival rate of 28%, with a median
overall survival of 14 months in a recent database study [82]. Other negative prognostic
factors include increasing age, tumor size and tumors located in the axial skeleton [4].

Subtypes

Dedifferentiated chondrosarcoma represents a particularly aggressive subtype, with a
poor 5-year survival rate of between 0% and 24% [2,83]. Based on registry data, the 5-year
survival rate of mesenchymal chondrosarcoma is 50% and worsens with increasing age
and axial-based tumors [84]. Clear cell and juxtacortical subtypes most commonly present
as lower-grade tumors and have 5-year survival rates of between 62% and 100% and 68%
and 93%, respectively [2,37,85].

10. Conclusions

Chondrosarcomas are a heterogenous group of cartilage forming neoplasms and
represent the second most common primary bone malignancy. The diagnosis and grading
of chondrosarcoma remain challenging, in particular on a biopsy specimen, and treatment
decisions should be made by a multidisciplinary team. Surgical management remains the
mainstay of treatment as chondrosarcoma is resistant to both radiation and chemotherapy.
Novel targeted therapies have shown promise in preclinical studies but future trials are
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needed to determine their efficacy in the clinical setting. Survival rates vary significantly
based on tumor grade and presence of metastases.
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Tysarowski, A.; Czarnecka, A.M.; et al. Chondrosarcoma-from Molecular Pathology to Novel Therapies. Cancers 2021, 13, 2390.
[CrossRef]

40. Tiet, T.D.; Hopyan, S.; Nadesan, P.; Gokgoz, N.; Poon, R.; Lin, A.C.; Yan, T.; Andrulis, I.L.; Alman, B.A.; Wunder, J.S. Constitutive
Hedgehog Signaling in Chondrosarcoma Up-Regulates Tumor Cell Proliferation. Am. J. Pathol. 2006, 168, 321–330. [CrossRef]

41. Campbell, V.T.; Nadesan, P.; Ali, S.A.; Wang, C.Y.Y.; Whetstone, H.; Poon, R.; Wei, Q.; Keilty, J.; Proctor, J.; Wang, L.W. Hedgehog
Pathway Inhibition in Chondrosarcoma Using the Smoothened Inhibitor IPI-926 Directly Inhibits Sarcoma Cell Growth. Mol.
Cancer Ther. 2014, 13, 1259–1269. [CrossRef]

http://doi.org/10.1080/17453674.2020.1763717
http://www.ncbi.nlm.nih.gov/pubmed/32429792
http://doi.org/10.1016/j.ejrad.2015.06.033
http://doi.org/10.1007/s00402-013-1800-z
http://www.ncbi.nlm.nih.gov/pubmed/23820853
http://doi.org/10.1302/0301-620X.101B9.BJJ-2019-0190.R1
http://doi.org/10.1097/PAS.0b013e31817eec2b
http://doi.org/10.2147/CMAR.S178768
http://www.ncbi.nlm.nih.gov/pubmed/30288107
http://doi.org/10.1007/s00256-020-03578-7
http://doi.org/10.1186/2047-783X-17-29
http://doi.org/10.1177/230949901302100218
http://www.ncbi.nlm.nih.gov/pubmed/24014785
http://doi.org/10.1007/s11999-016-4738-y
http://www.ncbi.nlm.nih.gov/pubmed/26883651
http://doi.org/10.1155/2010/270195
http://www.ncbi.nlm.nih.gov/pubmed/22312488
http://doi.org/10.1097/00003086-198011000-00013
http://doi.org/10.1371/journal.pone.0268215
http://doi.org/10.2106/00004623-199407000-00005
http://doi.org/10.1111/j.1399-0004.1997.tb02508.x
http://doi.org/10.1002/jor.24463
http://www.ncbi.nlm.nih.gov/pubmed/31498474
http://doi.org/10.1111/his.12666
http://www.ncbi.nlm.nih.gov/pubmed/25648524
http://doi.org/10.3390/cancers13102390
http://doi.org/10.2353/ajpath.2006.050001
http://doi.org/10.1158/1535-7163.MCT-13-0731


J. Clin. Med. 2023, 12, 2506 13 of 14

42. Wagner, A.J.; Hohenberger, P.; Okuno, S.; Eriksson, M.; Patel, S.; Ferrari, S.; Gasali, P.G.; Chawla, S.P.; Woehr, M.; Ross, R. Results
from a Phase 2 Randomized, Placebo-Controlled, Double Blind Study of the Hedgehog Pathway Antagonist IPI-926 in Patients
with Advanced Chondrosarcoma. In Proceedings of the Connective Tissue Oncology Society Annual Meeting, New York, NY,
USA, 30 October–2 November 2013.

43. Italiano, A.; Le Cesne, A.; Bellera, C.; Piperno-Neumann, S.; Duffaud, F.; Penel, N.; Cassier, P.; Domont, J.; Takebe, N.; Kind, M.
GDC-0449 in Patients with Advanced Chondrosarcomas: A French Sarcoma Group/US and French National Cancer Institute
Single-Arm Phase II Collaborative Study. Ann. Oncol. 2013, 24, 2922–2926. [CrossRef] [PubMed]

44. Amary, M.F.; Bacsi, K.; Maggiani, F.; Damato, S.; Halai, D.; Berisha, F.; Pollock, R.; O’Donnell, P.; Grigoriadis, A.; Diss, T. IDH1
and IDH2 Mutations Are Frequent Events in Central Chondrosarcoma and Central and Periosteal Chondromas but Not in Other
Mesenchymal Tumours. J. Pathol. 2011, 224, 334–343. [CrossRef]

45. Mellinghoff, I.K.; Touat, M.; Maher, E. AG-120, a First-in-Class Mutant IDH1 Inhibitor in Patients with Recurrent or Progressive
IDH1 Mutant Glioma: Updated Results from the Phase I Nonenhancing Glioma Population. Neuro-Oncol 2017, 19, vi10–vi11.
[CrossRef]

46. Tap, W.; Villalobos, V.M.; Cote, G.M.; Burris, H.; Janku, F.; Mir, O.; Beeram, M.; Wagner, A.; Auer, J.; Liu, H. A Phase 1 Study
of AG-120, an IDH1 Mutant Enzyme Inhibitor: Results from the Chondrosarcoma Dose Escalation and Expansion Cohorts. In
Proceedings of the Connective Tissue Oncology Society 21st Annual Meeting, Lisbon, Portugal, 9–12 November 2016.

47. Cojocaru, E.; Wilding, C.; Engelman, B.; Huang, P.; Jones, R.L. Is the IDH Mutation a Good Target for Chondrosarcoma Treatment?
Curr. Mol. Biol. Rep. 2020, 6, 1–9. [CrossRef]

48. Zhang, Y.-X.; van Oosterwijk, J.G.; Sicinska, E.; Moss, S.; Remillard, S.P.; van Wezel, T.; Bühnemann, C.; Hassan, A.B.; Demetri,
G.D.; Bovée, J.V.M.G.; et al. Functional Profiling of Receptor Tyrosine Kinases and Downstream Signaling in Human Chondrosar-
comas Identifies Pathways for Rational Targeted Therapy. Clin. Cancer Res. 2013, 19, 3796–3807. [CrossRef]

49. Bernstein-Molho, R.; Kollender, Y.; Issakov, J.; Bickels, J.; Dadia, S.; Flusser, G.; Meller, I.; Sagi-Eisenberg, R.; Merimsky, O.
Clinical Activity of MTOR Inhibition in Combination with Cyclophosphamide in the Treatment of Recurrent Unresectable
Chondrosarcomas. Cancer Chemother. Pharm. 2012, 70, 855–860. [CrossRef]

50. Van Oosterwijk, J.G.; van Ruler, M.A.J.H.; Briaire-de Bruijn, I.H.; Herpers, B.; Gelderblom, H.; van de Water, B.; Bovée, J.V.M.G.
Src Kinases in Chondrosarcoma Chemoresistance and Migration: Dasatinib Sensitises to Doxorubicin in TP53 Mutant Cells. Br. J.
Cancer 2013, 109, 1214–1222. [CrossRef]

51. Polychronidou, G.; Karavasilis, V.; Pollack, S.M.; Huang, P.H.; Lee, A.; Jones, R.L. Novel Therapeutic Approaches in Chondrosar-
coma. Future Oncol. 2017, 13, 637–648. [CrossRef] [PubMed]

52. Evans, D.R.; Lazarides, A.L.; Visgauss, J.D.; Somarelli, J.A.; Blazer, D.G.; Brigman, B.E.; Eward, W.C. Limb Salvage versus
Amputation in Patients with Osteosarcoma of the Extremities: An Update in the Modern Era Using the National Cancer Database.
BMC Cancer 2020, 20, 995. [CrossRef]

53. Malek, F.; Somerson, J.S.; Mitchel, S.; Williams, R.P. Does Limb-Salvage Surgery Offer Patients Better Quality of Life and Functional
Capacity than Amputation? Clin. Orthop. Relat. Res. 2012, 470, 2000–2006. [CrossRef] [PubMed]

54. Erstad, D.J.; Ready, J.; Abraham, J.; Ferrone, M.L.; Bertagnolli, M.M.; Baldini, E.H.; Raut, C.P. Amputation for Extremity Sarcoma:
Contemporary Indications and Outcomes. Ann. Surg. Oncol. 2018, 25, 394–403. [CrossRef] [PubMed]

55. Stevenson, J.D.; Laitinen, M.K.; Parry, M.C.; Sumathi, V.; Grimer, R.J.; Jeys, L.M. The Role of Surgical Margins in Chondrosarcoma.
Eur. J. Surg. Oncol. 2018, 44, 1412–1418. [CrossRef]

56. Fiorenza, F.; Abudu, A.; Grimer, R.J.; Carter, S.R.; Tillman, R.M.; Ayoub, K.; Mangham, D.C.; Davies, A.M. Risk Factors for
Survival and Local Control in Chondrosarcoma of Bone. J. Bone Jt. Surg. Br. Vol. 2002, 84-B, 93–99. [CrossRef]

57. Tsuda, Y.; Evans, S.; Stevenson, J.D.; Parry, M.; Fujiwara, T.; Laitinen, M.; Outani, H.; Jeys, L. Is the Width of a Surgical Margin
Associated with the Outcome of Disease in Patients with Peripheral Chondrosarcoma of the Pelvis? A Multicenter Study. Clin.
Orthop. Relat. Res. 2019, 477, 2432–2440. [CrossRef] [PubMed]

58. Ghert, M.A.; Abudu, A.; Driver, N.; Davis, A.M.; Griffin, A.M.; Pearce, D.; White, L.; O’Sullivan, B.; Catton, C.N.; Bell, R.S.; et al.
The Indications for and the Prognostic Significance of Amputation as the Primary Surgical Procedure for Localized Soft Tissue
Sarcoma of the Extremity. Ann. Surg. Oncol. 2005, 12, 10–17. [CrossRef] [PubMed]

59. Calderón, S.A.L.; Kuechle, J.; Raskin, K.A.; Hornicek, F.J. Lower Extremity Megaprostheses in Orthopaedic Oncology. JAAOS-J.
Am. Acad. Orthop. Surg. 2018, 26, e249–e257. [CrossRef]

60. Hennessy, D.W.; Raskin, K.A.; Schwab, J.H.; Lozano-Calderón, S.A. Endoprosthetic Reconstruction of the Upper Extremity in
Oncologic Surgery. JAAOS-J. Am. Acad. Orthop. Surg. 2020, 28, e319–e327. [CrossRef]

61. Mavrogenis, A.F.; Angelini, A.; Drago, G.; Merlino, B.; Ruggieri, P. Survival Analysis of Patients with Chondrosarcomas of the
Pelvis. J. Surg. Oncol. 2013, 108, 19–27. [CrossRef]

62. Bus, M.P.A.; Campanacci, D.A.; Albergo, J.I.; Leithner, A.; van de Sande, M.A.J.; Gaston, C.L.; Caff, G.; Mettelsiefen, J.; Capanna,
R.; Tunn, P.-U.; et al. Conventional Primary Central Chondrosarcoma of the Pelvis: Prognostic Factors and Outcome of Surgical
Treatment in 162 Patients. JBJS 2018, 100, 316–325. [CrossRef]

63. Schwartz, A.J.; Kiatisevi, P.; Eilber, F.C.; Eilber, F.R.; Eckardt, J.J. The Friedman-Eilber Resection Arthroplasty of the Pelvis. Clin.
Orthop. Relat. Res. 2009, 467, 2825–2830. [CrossRef]

64. Fisher, N.E.; Patton, J.T.; Grimer, R.J.; Porter, D.; Jeys, L.; Tillman, R.M.; Abudu, A.; Carter, S.R. Ice-Cream Cone Reconstruction of
the Pelvis: A New Type of Pelvic Replacement. J. Bone Jt. Surg. Br. Vol. 2011, 93-B, 684–688. [CrossRef] [PubMed]

http://doi.org/10.1093/annonc/mdt391
http://www.ncbi.nlm.nih.gov/pubmed/24170610
http://doi.org/10.1002/path.2913
http://doi.org/10.1093/neuonc/nox168.037
http://doi.org/10.1007/s40610-020-00126-z
http://doi.org/10.1158/1078-0432.CCR-12-3647
http://doi.org/10.1007/s00280-012-1968-x
http://doi.org/10.1038/bjc.2013.451
http://doi.org/10.2217/fon-2016-0226
http://www.ncbi.nlm.nih.gov/pubmed/28133974
http://doi.org/10.1186/s12885-020-07502-z
http://doi.org/10.1007/s11999-012-2271-1
http://www.ncbi.nlm.nih.gov/pubmed/22302658
http://doi.org/10.1245/s10434-017-6240-5
http://www.ncbi.nlm.nih.gov/pubmed/29168103
http://doi.org/10.1016/j.ejso.2018.05.033
http://doi.org/10.1302/0301-620X.84B1.0840093
http://doi.org/10.1097/CORR.0000000000000926
http://www.ncbi.nlm.nih.gov/pubmed/31453886
http://doi.org/10.1007/s10434-004-1171-3
http://www.ncbi.nlm.nih.gov/pubmed/15827772
http://doi.org/10.5435/JAAOS-D-16-00218
http://doi.org/10.5435/JAAOS-D-19-00219
http://doi.org/10.1002/jso.23351
http://doi.org/10.2106/JBJS.17.00105
http://doi.org/10.1007/s11999-009-0844-4
http://doi.org/10.1302/0301-620X.93B5.25608
http://www.ncbi.nlm.nih.gov/pubmed/21511936


J. Clin. Med. 2023, 12, 2506 14 of 14

65. Erol, B.; Sofulu, O.; Sirin, E.; Saglam, F.; Buyuktopcu, O. Reconstruction after Periacetabular Tumor Resection with Lu-
mic®Endoprosthesis: What Are the Midterm Results? J. Surg. Oncol. 2021, 123, 532–543. [CrossRef]

66. Fujiwara, T.; Kaneuchi, Y.; Stevenson, J.; Parry, M.; Kurisunkal, V.; Clark, R.; Tsuda, Y.; Laitinen, M.; Grimer, R.; Jeys, L. Navigation-
Assisted Pelvic Resections and Reconstructions for Periacetabular Chondrosarcomas. Eur. J. Surg. Oncol. 2021, 47, 416–423.
[CrossRef]

67. Bosma, S.E.; Cleven, A.H.G.; Dijkstra, P.D.S. Can Navigation Improve the Ability to Achieve Tumor-Free Margins in Pelvic
and Sacral Primary Bone Sarcoma Resections? A Historically Controlled Study. Clin. Orthop. Relat. Res. 2019, 477, 1548–1559.
[CrossRef]

68. Grimer, R.J.; Chandrasekar, C.R.; Carter, S.R.; Abudu, A.; Tillman, R.M.; Jeys, L. Hindquarter Amputation: Is It Still Needed and
What Are the Outcomes? Bone Jt. J. 2013, 95, 127–131. [CrossRef]

69. Van Houdt, W.J.; Griffin, A.M.; Wunder, J.S.; Ferguson, P.C. Oncologic Outcome and Quality of Life After Hindquarter Amputation
for Sarcoma: Is It Worth It? Ann. Surg. Oncol. 2018, 25, 378–386. [CrossRef]

70. Hickey, M.; Farrokhyar, F.; Deheshi, B.; Turcotte, R.; Ghert, M. A Systematic Review and Meta-Analysis of Intralesional
versus Wide Resection for Intramedullary Grade I Chondrosarcoma of the Extremities. Ann. Surg. Oncol. 2011, 18, 1705–1709.
[CrossRef] [PubMed]

71. Dierselhuis, E.F.; Goulding, K.A.; Stevens, M.; Jutte, P.C. Intralesional Treatment versus Wide Resection for Central Low-Grade
Chondrosarcoma of the Long Bones. Cochrane Database Syst. Rev. 2019, 3, CD010778. [CrossRef]

72. Schwab, J.H.; Wenger, D.; Unni, K.; Sim, F.H. Does Local Recurrence Impact Survival in Low-Grade Chondrosarcoma of the Long
Bones? Clin. Orthop. Relat. Res. 2007, 462, 175–180. [CrossRef]

73. Song, K.; Song, J.; Chen, F.; Lin, K.; Ma, X.; Jiang, J. Does Resection of the Primary Tumor Improve Survival in Patients with
Metastatic Chondrosarcoma? Clin. Orthop. Relat. Res. 2019, 477, 573–583. [CrossRef]

74. Italiano, A.; Mir, O.; Cioffi, A.; Palmerini, E.; Piperno-Neumann, S.; Perrin, C.; Chaigneau, L.; Penel, N.; Duffaud, F.; Kurtz, J.E.;
et al. Advanced Chondrosarcomas: Role of Chemotherapy and Survival. Ann. Oncol. 2013, 24, 2916–2922. [CrossRef] [PubMed]

75. Van Maldegem, A.M.; Gelderblom, H.; Palmerini, E.; Dijkstra, S.D.; Gambarotti, M.; Ruggieri, P.; Nout, R.A.; Van De Sande, M.A.;
Ferrari, C.; Ferrari, S. Outcome of Advanced, Unresectable Conventional Central Chondrosarcoma. Cancer 2014, 120, 3159–3164.
[CrossRef]

76. Frezza, A.M.; Cesari, M.; Baumhoer, D.; Biau, D.; Bielack, S.; Campanacci, D.A.; Casanova, J.; Esler, C.; Ferrari, S.; Funovics, P.T.
Mesenchymal Chondrosarcoma: Prognostic Factors and Outcome in 113 Patients. A European Musculoskeletal Oncology Society
Study. Eur. J. Cancer 2015, 51, 374–381. [CrossRef] [PubMed]

77. Tsuda, Y.; Ogura, K.; Hakozaki, M.; Kikuta, K.; Ae, K.; Tsuchiya, H.; Iwata, S.; Ueda, T.; Kawano, H.; Kawai, A. Mesenchymal
Chondrosarcoma: A Japanese Musculoskeletal Oncology Group (JMOG) Study on 57 Patients. J. Surg. Oncol. 2017, 115, 760–767.
[CrossRef]

78. Kawaguchi, S.; Sun, T.; Lin, P.P.; Deavers, M.; Harun, N.; Lewis, V.O. Does Ifosfamide Therapy Improve Survival of Patients with
Dedifferentiated Chondrosarcoma? Clin. Orthop. Relat. Res. 2014, 472, 983–989. [CrossRef]

79. Kostine, M.; Cleven, A.H.; de Miranda, N.F.C.C.; Italiano, A.; Cleton-Jansen, A.-M.; Bovée, J.V.M.G. Analysis of PD-L1, T-Cell
Infiltrate and HLA Expression in Chondrosarcoma Indicates Potential for Response to Immunotherapy Specifically in the
Dedifferentiated Subtype. Mod. Pathol. 2016, 29, 1028–1037. [CrossRef]

80. Ahmed, A.R.; Tan, T.-S.; Unni, K.K.; Collins, M.S.; Wenger, D.E.; Sim, F.H. Secondary Chondrosarcoma in Osteochondroma:
Report of 107 Patients. Clin. Orthop. Relat. Res. 2003, 411, 193–206. [CrossRef]

81. Altay, M.; Bayrakci, K.; Yildiz, Y.; Erekul, S.; Saglik, Y. Secondary Chondrosarcoma in Cartilage Bone Tumors: Report of 32
Patients. J. Orthop. Sci. 2007, 12, 415–423. [CrossRef] [PubMed]

82. Wang, Z.; Chen, G.; Chen, X.; Huang, X.; Liu, M.; Pan, W.; Yan, X.; Lin, N.; Ye, Z. Predictors of the Survival of Patients with
Chondrosarcoma of Bone and Metastatic Disease at Diagnosis. J. Cancer 2019, 10, 2457. [CrossRef] [PubMed]

83. Strotman, P.K.; Reif, T.J.; Kliethermes, S.A.; Sandhu, J.K.; Nystrom, L.M. Dedifferentiated Chondrosarcoma: A Survival Analysis
of 159 Cases from the SEER Database (2001–2011). J. Surg. Oncol. 2017, 116, 252–257. [CrossRef] [PubMed]

84. Schneiderman, B.A.; Kliethermes, S.A.; Nystrom, L.M. Survival in Mesenchymal Chondrosarcoma Varies Based on Age and
Tumor Location: A Survival Analysis of the SEER Database. Clin. Orthop. Relat. Res. 2017, 475, 799–805. [CrossRef] [PubMed]

85. Nakayama, R.; Hayakawa, K.; Kobayashi, E.; Endo, M.; Asano, N.; Yonemoto, T.; Kawashima, H.; Hamada, K.; Watanabe, I.;
Futani, H. What Factors Are Associated with Treatment Outcomes of Japanese Patients with Clear Cell Chondrosarcoma? Clin.
Orthop. Relat. Res. 2020, 478, 2537–2547. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1002/jso.26318
http://doi.org/10.1016/j.ejso.2020.05.025
http://doi.org/10.1097/CORR.0000000000000766
http://doi.org/10.1302/0301-620X.95B1.29131
http://doi.org/10.1245/s10434-017-5806-6
http://doi.org/10.1245/s10434-010-1532-z
http://www.ncbi.nlm.nih.gov/pubmed/21258968
http://doi.org/10.1002/14651858.CD010778.pub2
http://doi.org/10.1097/BLO.0b013e3180caac2c
http://doi.org/10.1097/CORR.0000000000000632
http://doi.org/10.1093/annonc/mdt374
http://www.ncbi.nlm.nih.gov/pubmed/24099780
http://doi.org/10.1002/cncr.28845
http://doi.org/10.1016/j.ejca.2014.11.007
http://www.ncbi.nlm.nih.gov/pubmed/25529371
http://doi.org/10.1002/jso.24567
http://doi.org/10.1007/s11999-013-3360-5
http://doi.org/10.1038/modpathol.2016.108
http://doi.org/10.1097/01.blo.0000069888.31220.2b
http://doi.org/10.1007/s00776-007-1152-z
http://www.ncbi.nlm.nih.gov/pubmed/17909925
http://doi.org/10.7150/jca.30388
http://www.ncbi.nlm.nih.gov/pubmed/31258751
http://doi.org/10.1002/jso.24650
http://www.ncbi.nlm.nih.gov/pubmed/28420036
http://doi.org/10.1007/s11999-016-4779-2
http://www.ncbi.nlm.nih.gov/pubmed/26975384
http://doi.org/10.1097/CORR.0000000000001266

	Introduction 
	Clinical Presentation 
	Location 
	Signs and Symptoms 

	Imaging 
	Plain Radiographs 
	Cross-Sectional Imaging 

	Diagnosis and Staging 
	Biopsy 
	Staging 

	Subtypes, Diagnostic and Molecular Pathology 
	Conventional Central Chondrosarcoma 
	Secondary Chondrosarcomas 
	Rare Subtypes 

	Molecular Characteristics 
	Management 
	Intrapelvic Tumors 
	Atypical Cartilaginous Tumors 

	Metastatic Disease 
	Prognosis 
	Conclusions 
	References

