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classification of chondrosarcomas is based on histological subtypes, including conven-
tional (grades 1–3), clear cell, mesenchymal, and dedifferentiated [6]. Finally, the 2020
World Health Organization (WHO) classification categorizes chondrosarcomas into eight
subtypes: central conventional (grade 1 vs. 2–3), secondary peripheral (grade 1 vs. 2–3),
periosteal, dedifferentiated, mesenchymal, and clear cell [7]. The characteristic imaging
features of numerous categories of chondrosarcomas may aid in accurate diagnosis and
classification. Radiography can support the diagnosis of chondroid tumors as enchon-
dromas with characteristic findings including typical chondroid matrix mineralization [8].
Computed tomography (CT) and magnetic resonance imaging (MRI) can reveal imaging
features of malignancy to distinguish between chondrosarcomas and enchondromas [8].
This review article summarizes the various classifications of chondrosarcomas and provides
the characteristic to challenging imaging findings to differentiate among the various forms
of chondrosarcoma.

2. 2020 WHO Classification of Chondrosarcomas
The 2020 WHO classification categorizes chondrogenic bone tumors as benign, inter-

mediate (locally aggressive), or malignant (Figure 1) [7]. The term “atypical cartilaginous tu-
mor (ACT)”, which was first introduced in the 2013 WHO classification, refers to low-grade
chondrosarcomas located in the appendicular skeleton (long and short tubular bones) that
are considered the intermediate group (chondrosarcoma grade 0.5) [9]. Other chondrosar-
comas are assigned to the malignant group. It is important to note that “chondrosarcoma
grade 1 (CS1)” is histologically the same as ACT but is assigned to the malignant group;
CS1 should be applied separately to tumors of the axial skeleton (including the pelvic
bones and the skull base). Chondrosarcomas located in the axial skeleton have a worse
outcome and require more aggressive treatment compared to those in the appendicular
skeleton [7,10–12].

 
Figure 1. Comparison of the 2013 and 2020 World Health Organization (WHO) classifications of
chondrogenic bone tumor. Diseases highlighted are those that are subject to change from 2013 to 2020
WHO classification.

Finally, the 2020 WHO classification categorizes chondrosarcomas (including ACT)
into eight subtypes (Table 1): central conventional (grade 1 vs. 2–3), secondary peripheral
(grade 1 vs. 2–3), periosteal, dedifferentiated, mesenchymal, and clear cell chondrosar-
coma [7]. We discuss four stages used to determine the classification of chondrosarcomas,
as well as the characteristic to challenging features of various chondrosarcomas.
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Table 1. 2020 WHO classification of chondrosarcomas [7,13].

Entity Remarks

Conventional
chondrosarcomas

Central atypical cartilaginous
tumor (ACT)/chondrosarcoma

grade 1 (CS1)

De novo or secondary
(possible precursor:

enchondroma)
Secondary peripheral ACT/CS1 Precursor: osteochondroma

Central chondrosarcoma grades
2 and 3 (CS2,3)

De novo or secondary
(possible precursor:

enchondroma)
Secondary peripheral CS2,3 Precursor: osteochondroma
Periosteal chondrosarcoma

Rare subtypes Dedifferentiated chondrosarcoma Precursor: conventional
chondrosarcoma

Mesenchymal chondrosarcoma
Clear cell chondrosarcoma

2.1. First Stage: Histological Grading
The biological behavior of chondrosarcomas is graded as 1 to 3 based on nuclear size,

staining pattern (hyperchromasia), mitotic activity, and cellularity degree [14]. CS1 refers to
low-grade tumors containing chondrocytes with small dense nuclei, although some slightly
enlarged nuclei (>8 µm) and a few multinucleated cells (most commonly binucleated) may
be present [1]. The stroma is predominantly chondroid with sparse or absent myxoid
areas [1]. Chondrosarcoma grade 2 (CS2) tumors are intermediate-grade tumors containing
less chondroid matrix and an increased cellular portion compared to CS1 tumors [1]. Chon-
drocyte nuclei are enlarged, either vesicular or hyperchromatic, and are also binucleated
and multinucleated [1]. The stroma is frequently myxoid [1]. Chondrosarcoma grade 3
(CS3) tumors are high-grade tumors exhibiting greater cellularity than CS1 and CS2 tumors
and nuclear pleomorphism with sparse or absent chondroid matrix [1]. The nuclei are
typically vesicular, often spindle-shaped, and may be 5–10-fold larger than normal [1]. The
non-mineralized tissue in chondrosarcomas has high water content, varying histologically
from mature hyaline cartilage to a more myxoid stroma [1]. The edges of chondrosarco-
mas are characterized by chondroid tissue invading the trabecular bone [15]. Once this
morphological feature has been identified, the degree of cellularity is used to determine
the chondrosarcoma grade [1]. Invasion of the endosteal surface marks the beginning of
extraosseous extension as the first step toward high-grade chondrosarcoma [10].

Most chondrosarcomas are conventional, with 60% classified as CS1 or CS2 [16]. Con-
ventional chondrosarcomas tend to occur in older people, and more than 50% of patients
are >50 years of age [13]. These chondrosarcomas are referred to as central chondrosar-
comas. The 5-year survival rate is 88% for patients with CS1 and 57% for patients with
CS2 and CS3 with local recurrence and metastasis rates of 20% and 14%, respectively [17].
The most common skeletal location for conventional chondrosarcomas is the long tubular
bone, accounting for approximately 45% of cases [1,18,19]. The femur is the single most
commonly affected long bone, representing approximately 20–35% of cases, while the upper
extremity is involved in 10–20% of cases, most frequently the proximal humerus [1,18,19].
Long tubular bone lesions most commonly involve the metaphysis (49% of cases) [15]. Con-
ventional chondrosarcomas can also occur in flat bones such as the pelvic bones; however,
higher-grade tumors more frequently occur in the axial skeleton than in the appendic-
ular skeleton. For instance, the prevalence of CS2-3 in the iliac bone is 70% vs. 45% in
the femur [20].

Radiographs of conventional chondrosarcomas typically reveal a mixed lytic and
sclerotic appearance [1,5]. The sclerotic areas represent chondroid matrix mineralization,
which is seen in 60–78% of lesions [1]. Well-differentiated tumors tend to have a char-
acteristic ring-and-arc pattern (Figure 2), whereas higher-grade chondrosarcomas often
contain relatively less matrix mineralization and have a more amorphous or stippled ap-
pearance [1,5,19,21–23]. It is vital to differentiate benign from malignant cartilage tumors;
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antiapoptotic proteins such as Bcl-2 (B-cell leukemia/lymphoma 2), Bcl-xL (Bcl-2 like 1),
and XIAP (x-linked inhibitors or apoptosis) upregulated in chondrosarcomas can have a
strong therapeutic potential to enhance the efficacy of radiation and chemotherapy [104].
These findings prompted research on the therapeutic efficacy of molecular-targeting
therapies [103,112].

Table 2. Chondrosarcoma types and respective molecular features.

Chondrosarcoma (CS) Type Molecular Features

Conventional central CS
IDH1/2 mutations
COL2A1 mutations
CDKN2A/B deletions

Conventional peripheral CS EXT1/2 mutations
Conventional periosteal CS Hedgehog pathway

Dedifferentiated CS
IDH1/2 mutations
TP53 mutations
PD-L1 expression

Mesenchymal CS HEY1–NCOA2 fusion
Clear cell CS No evidence of mutations

6. Conclusions
Chondrosarcomas are a heterogeneous group of malignant bone tumors that produce

a chondroid (cartilaginous) matrix. Their clinical behaviors vary according to the histologic
grade. The WHO defines these lesions as benign, intermediate, or malignant cartilaginous
tumors. While most tumors are indolent, with a low potential for metastasis, some are
aggressive, with a poor prognosis. Clinical management is guided by imaging findings,
histopathological grading, and chondrosarcoma subtypes. Choosing the most appropriate
diagnostic technique for grading chondroid tumors remains difficult because each modality
has its own value; beyond CT and MRI, DCE-MRI supports chondrosarcoma grading, and
new tools for quantitative analysis—including texture analysis and radiomics—have shown
satisfactory diagnostic performance for chondrosarcoma classification. A limited range of
treatment options exists for chondrosarcomas, including surgery and chemotherapy, and
more therapeutic targets are needed. Multidisciplinary discussions of all modalities should
be combined to determine the best treatment approach.
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dedif/ted CHS

50-87%: IDH1 or IDH2 mutations 
in both components
desirable diagnostic criterion! WHO 5th Ed.
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mesenchymal CHS
HEY1-NCOA2 fusion

HEY1 exon 4 to NCOA2 exon 13 at the mRNA level
desirable diagnostic criterion! WHO 5th Ed.

Figure 3.
Identification of the novel HEY1-NCOA2 fusion in the mesenchymal chondrosarcoma case
UF5. A, Upper: partial schema of HEY1 and NCOA2 gene structures in relation to the
formation of HEY1-NCOA2 fusion transcript; Lower: Partial sequence of the HEY1-NCOA2
fusion transcript along with predicted amino acid sequence. The transcript is an in-frame
fusion of HEY1 exon 4 to NCOA2 exon 13. B, RT-PCR detection of HEY1-NCOA2 fusion.
The presence of HEY1-NCOA2 fusion transcript was confirmed by RT-PCR using two
independent sets of HEY1 forward and NCOA2 reverse primers, HEY1-F1/NCOA2-R3 and
HEY1-F2/NCOA2-R2. Sequencing of bands a and b confirmed the HEY1-NCOA2 in-frame
fusion transcript. Size marker is 100bp DNA ladder (Invitrogen, Carlsbad, CA). C,
Schematic diagrams of HEY1, NCOA2 and the predicted HEY1-NCOA2 chimeric proteins
as well as mapping of NCOA2 breakpoints of four different fusions in protein level.
Symbols and abbreviations for the diagram of HEY1: blue bar stands for the basic motif;
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328  !  16: CARTILAGINOUS LESIONS

FIGURE 16.7.1 Imaging of clear cell chondrosarcoma (CCC). 
The imaging features are often not distinctive. However, the 
location in the epiphysis is classic for this tumor.

FIGURE 16.7.2 CCC occasionally have foci that resemble a 
conventional type of chondrosarcoma.

FIGURE 16.7.3 Classic histologic features of CCC include 
numerous large clear cells with well-defi ned cytoplasmic 
borders. Note also the presence of rare multinucleate giant 
cells.

Clear Cell CHS

Dr. Papachristou’s personal archive



secondary peripheral CHS 

EXT1 or EXT2 mutations 
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C-CHS G2

C-CHS G3



Pop-corn,	Ring-and-Arc	calcifications	

Where the shoe pinches…



Distinction between Enchondromas and ACT/G1 CHS 

- Radiology many times does not help


- There are no reliable biomarkers


- The Dx is primarily based upon histopathology


- Tumor board is required



cartilaginous lesions patterns 

A. BM islands pattern

B. Encasement

C. Permeation pattern

D. Cells and ECM



Enchondroma
Dr. Papachristou’s personal archive

Pop-corn,	Ring-and	-Arc	calcifications	

BM islands - Encasement pattern 



Permeation pattern
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Conclusions
• Chondrosarcomas are a heterogeneous group of malignant bone tumors 


• Their common feature is the production of “some form of cartilage”


• They develop almost exclusively is bones that follow endochondral ossification


• Dx is based primarily on histology in correlation with Rx and clinical data


• Location matters


• IHC or molecular genetics are not really helpful as regards DX


• The distinction between enchondroma and CSG1/ACT can be very challenging, 
esp. in curettage material


• How do we treat and follow ACT?


• More data are needed esp. towards Tx 



Thank you!
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