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Abstract
Improved understanding of tumor biology through molecular alteration and genetic advances has resulted in a number of 
major changes in the 2020 World Health Organization’s (WHO) classification of bone tumors. These changes include the 
reclassification of the existing tumors and the introduction of several new entities. A new chapter on undifferentiated small 
round cell sarcomas of bone and soft tissue was added to classify Ewing sarcoma and the family of Ewing-like sarcomas, 
which share similar histologies but different molecular and clinical behaviors. Knowledge of the current classification of bone 
tumors is essential to ensure the appropriate recognition of the inherent biological potential of individual osseous lesions for 
optimal treatment, follow-up, and overall outcome. This article reviews the major changes to the 2020 WHO’s classification 
of primary bone tumors and the pertinent imaging of selected tumors to highlight these changes.
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Introduction

Reproducible and consistent diagnostic criteria are essential 
for accurate classification and proper clinical management 
of bone tumors. Since 1967, the World Health Organization 

(WHO) classification of tumors has provided practical guid-
ance to pathologists, radiologists, and clinicians involved in 
oncologic multidisciplinary teams [1]. Improved understand-
ing of tumor genetics led the WHO to reclassify selected 
bone tumors in 2020. Although pathology sets the gold 
standard for bone tumor diagnosis, radiologic-pathologic 
correlation remains an essential component in tumor evalu-
ation and is crucial to minimizing diagnostic error and 
achieving optimal clinical outcomes. Therefore, up-to-date 
knowledge is essential to ensure optimal recognition of the 
biological behavior of bone tumors and consistent oncologic 
treatment. This article reviews major changes to the 2020 
WHO’s classification of primary bone tumors and perti-
nent imaging of selected tumors to enhance such up-to-date 
knowledge.

Key points 
• Chondroblastoma, chondromyxoid fibroma, and aneurysmal 
bone cyst are classified as benign. Osteofibrous dysplasia-like 
adamantinoma and synovial chondromatosis are now categorized 
as intermediate (locally aggressive).
• The designation of atypical cartilaginous tumors is reserved for the 
appendicular skeleton and the histologically identical locally aggressive 
hyaline cartilage tumor is termed chondrosarcoma grade 1 in the axial 
skeleton and flat bones.
• Erdheim-Chester Erdheim-Chester disease is no longer considered 
an intermediate locally aggressive tumor due to its unfavorable clini-
cal outcomes by its multiorgan involvement and is now classified as a 
hematopoietic neoplasm of bone.
• Ewing sarcoma is no longer classified as a bone tumor and is now 
addressed in a new category, titled “undifferentiated small round cell 
sarcomas of bone and soft tissue.”
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Classification based on histologic families 
and behavioral categories

The 2020 WHO classification of bone tumors includes eight 
histologic families of bone tumors (Table 1). Each family is 
further classified into individual tumor types based on histo-
logic, immunohistochemical, and molecular characteristics. 
The WHO further classifies bone tumors into four categories 
based on biological behavior, including the risk for local 
recurrence and metastasis. These are benign, intermediate 
(locally aggressive), intermediate (rarely metastasizing), 
and malignant (Table 2) [1, 2]. Knowing such categories of 
biological behavior is crucial for effective clinical treatment, 
surgical planning, and surveillance.

In the current 5th ed, the WHO has deleted a few families 
of the tumors from the previous classification (Table 3). It 
added the new family “other mesenchymal tumors,” which 
includes some of the entities from the deleted family tumor 
types (Tables 1, 3). Beyond primary lymphoma and solitary 
plasmacytoma of bone, the family of lesions termed “hemat-
opoietic neoplasm of bone” now also includes Langerhans 
cell histiocytosis, Erdheim-Chester disease, and Rosai-Dorf-
man disease.

The “undifferentiated small round cell sarcomas of bone 
and soft tissue tumors” is a new category that includes small 
round cell tumors with similar histologic features but distinct 
molecular and clinical behaviors (Table 4). These include 
Ewing sarcoma, round cell sarcoma with EWSR1-non-ETS 
fusion, CIC-rearranged sarcoma, and sarcoma with BCOR 
genetic alteration. The three new entities added to proto-
typical Ewing Sarcoma occur either in bone or soft tissue, 
with prevalence to one or other depending on their molecular 
characteristics.

Chondrogenic tumor

Enchondroma and periosteal chondroma, previously listed 
together under “chondromas,” are now separate benign enti-
ties. Chondroblastoma, previously categorized intermedi-
ate (rarely metastasizing), is reclassified benign due to its 
favorable outcomes and low surgical recurrence rate (≤ 5%) 
without distant metastases [4]. Chondromyxoid fibroma, 
previously labeled intermediate and locally aggressive, is 
also reclassified benign due to its excellent clinical prognosis 
despite a wide range (3–22%) of local recurrence rates [5, 
6]. Conversely, synovial chondromatosis has shifted from 
benign to intermediate (locally aggressive) due to its propen-
sity for local recurrence and unfavorable clinical outcomes.

Synovial chondromatosis

Synovial chondromatosis (SC) is a neoplasm that produces 
hyaline cartilaginous nodules in joints or extra-articular syn-
ovium, most often in the third to fifth decades, with a pro-
pensity for men [7]. In a study of 20 patients with SC in the 
knee, the recurrence rate was 10%, and one patient underwent 
amputation due to malignant transformation [8]. In a study of 
26 patients with SC of the hip treated with total hip arthro-
plasty, the recurrence rate was 12%. Complication rate was 
high (50%), with the most common complication being asep-
tic loosening [9]. Malignant transformation of SC to synovial 
chondrosarcoma has been reported in 1–6.4%, with a median 
transformation time of 20 years from diagnosis [10]. Similar 
clinico-radiologic presentation and histologic overlap render 
the distinction of SC from chondrosarcoma challenging [10].

Imaging appearance of primary SC is characterized by 
multiple calcifications of similar size and shape with calcified 
chondroid matrix (70–95%) and extrinsic erosion (20–50%) 
[11]. Because enchondral ossification is not present in all car-
tilage nodules, the extent of calcification and fat in SC varies, 
accounting for distinct MRI appearance (Figs. 1, 2) [11]. The 
cartilage nodules show intermediate T1 and high T2 signals in 
the absence of calcification, as well as low signal in all pulse 
sequences in the presence of enchondral ossification [11]. It is 
challenging to differentiate recurrent SC and malignant chon-
drosarcomatous transformation as they appear similar. How-
ever, marrow invasion and cortical destruction in the setting of 
multiple recurrences may help identify chondrosarcomatous 
transformation (Fig. 3) [11].

Enchondroma vs. central atypical cartilaginous 
tumor/chondrosarcoma grade 1

Enchondromas are usually discovered in the 3rd and 4th decades 
of life [12]. They most likely result from a separated fragment 
of the physis, which is incorporated into the metaphysis dur-
ing growth and development, and a fragment becomes more 
metadiaphyseal or diaphyseal as growth continues [13, 14]. 
Enchondromas are commonly detected as incidental lesions on 
MRI. Reported prevalence of enchondroma at MRI includes 
2.8% in knees [15], 0.7% in proximal femora [16], and 2.2% in 
shoulders [17]. Enchondromas have variable imaging appear-
ance depending on the location of the lesions within the bones 
as well as within the skeleton and skeletal maturity [14, 18]. In 
the diaphysis of long bones, enchondroma may contains vary-
ing amounts of ring and arc-like mineralized matrix, variable 
rim sclerosis, and may also show mild endosteal scalloping.
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Table 1   WHO classification of bone tumors and categories of their biological potential

NOS not otherwise specified
*Locally aggressive and rarely metastasizing
**Same histology as atypical cartilaginous tumor and located in the skull, spine, clavicle, scapula, rib, sternum, pelvis
1 Changed from intermediate (locally aggressive) to benign category
2 Changed from benign to intermediate (locally aggressive) category
3 Changed from intermediate (locally aggressive rarely metastasizing) to intermediate (locally aggressive) category
4 Changed from malignant to intermediate (locally aggressive) category

Benign Intermediate (locally aggressive) Malignant
Chondrogenic Subungual exostosis

Bizarre parosteal osteochondroma-
tous proliferation

Periosteal chondroma
Enchondroma
Osteochondroma
Chondroblastoma1

Chondromyxoid fibroma 1
Osteochondromyxoma

Synovial chondromatosis 2
Atypical cartilaginous tumor

Chondrosarcoma grade 1 **
Chondrosarcoma grade 2
Chondrosarcoma grade 3
Periosteal chondrosarcoma
Clear cell chondrosarcoma
Mesenchymal chondrosarcoma
Dedifferentiated chondrosarcoma

Osteogenic Osteoma
Osteoid osteoma

Osteoblastoma Low grade central osteosarcoma
Osteosarcoma NOS
Conventional
Telangiectatic
Small cell
Parosteal osteosarcoma
Periosteal osteosarcoma
High-grade surface osteosarcoma
Secondary osteosarcoma

Fibrogenic Desmoplastic fibroma Fibrosarcoma
Vascular Hemangioma NOS Epithelioid hemangioma (locally 

aggressive) 3
Epithelioid hemangioendothelioma 

NOS
Angiosarcoma

Osteoclastic giant cell-rich Aneurysmal bone cyst1
Non-ossifying fibroma

Giant cell tumor of bone NOS* Giant cell tumor of bone, malignant

Notochordal Benign notochordal cell tumor Chordoma NOS
Poorly differentiated chordoma
Dedifferentiated chordoma

Other mesenchymal 
tumors of bone (NEW)

Chondromesenchymal hamartoma of 
chest wall

Simple bone cyst
Fibrous dysplasia
Osteofibrous dysplasia
Lipoma NOS
Hibernoma

Osteofibrous dysplasia-like 
adamantinoma4

Fibrocartilaginous mesenchy-
moma

Adamantinoma of long bones
Dedifferentiated adamantinoma
Leiomyosarcoma NOS
Pleomorphic sarcoma, undifferentiated
Bone metastases

Hematopoietic In the 2020 WHO classification of bone tumors, hematopoietic neo-
plasms of bone are not divided into categories based on biological 
potential as other osseous lesions. They are generally considered 
malignant with exceptions such as Langerhans cell histiocytosis NOS 
and Rosai-Dorfman disease

Plasmacytoma of bone
Malignant lymphoma, non-Hodgkin, NOS
Hodgkin disease NOS
Diffuse large B-cell lymphoma NOS
Follicular lymphoma NOS
Marginal zone B-cell lymphoma NOS
T-cell lymphoma NOS
Anaplastic large cell lymphoma NOS
Malignant lymphoma, lymphoblastic NOS
Burkitt lymphoma NOS
Langerhans cell histiocytosis NOS
Langerhans cell histiocytosis disseminated
Erdheim-Chester disease
Rosai-Dorfman disease



332	 Skeletal Radiology (2023) 52:329–348

1 3

Central atypical cartilaginous tumor (ACT) and chondrosar-
coma grade 1 (CS1) are designations used to describe histologi-
cally identical chondroid lesions, which the WHO now distin-
guishes based on their anatomic location and the differences in 
the clinical outcomes associated with their anatomic location. 
Both occur in adults of a wide age range (median: 49 years) 
[19]. The designation intermediate (locally aggressive) ACT is 
reserved for the long and short tubular bones, while the designa-
tion CS1 is reserved for the axial skeleton and flat bones. ACT/
CS1 most commonly occurs in the femur, the humerus, and flat 
bones like the ilium and rarely the short tubular bones [19]. The 

distinction between enchondroma and ACT/CS1 remains chal-
lenging due to the lack of diagnostic criteria and poor interob-
server variability amongst pathologists, radiologists, and surgical 
oncologists [18–21].

The prevalence of cartilaginous tumors, especially 
enchondroma and ACT, has grown due to increased medi-
cal imaging [22–24]. Davies et al. reported a 68% increase 
in annual referral rate from 1985–2018 primarily due to 
ACT with no increase in higher-grade CS, osteosarcoma, 
or Ewing sarcoma [23]. There has been a growing consen-
sus favoring surveillance of enchondroma/ACT due to low 

Table 2   WHO categories of biological potential

Category Definition Examples

Benign Tumors have a limited capacity for local recurrence Chondroblastoma, chondromyxoid fibroma, 
aneurysmal bone cyst

Intermediate (locally 
aggressive)

Tumors often recur locally without apparent potential for metas-
tases

Atypical cartilaginous tumor, synovial chon-
dromatosis

Intermediate (rarely 
metastasizing)

Tumors often recur locally aggressive with a potential for metasta-
ses (< 2%)

Giant cell tumor of bone

Malignant Tumors have the potential for local destruction and recurrence with 
a substantial risk for distant metastases (20–100%)

Osteosarcoma NOS, poorly differentiated 
chordoma

Table 3   Deleted 2013 WHO tumor families and reclassified tumor types in the 2020 WHO classification

* Undifferentiated high-grade pleomorphic sarcoma is changed to undifferentiated pleomorphic sarcoma in the 2020 WHO classification

Family in 2013 WHO classification Tumor types Family in 2020 WHO classification

Fibrohistiocytic Non-ossifying fibroma Osteoclastic giant cell-rich tumor
Benign fibrous histiocytoma Removed

Lipogenic Leiomyosarcoma Other mesenchymal tumor of bone
Lipoma Other mesenchymal tumor of bone
Liposarcoma Removed

Myogenic Leiomyoma of bone Removed
Leiomyosarcoma of bone Other mesenchymal tumor of bone

Miscellaneous tumors Ewing sarcoma Undifferentiated small round cell 
sarcomas of bone and soft tissue

Adamantinoma Other mesenchymal tumor of bone
Undifferentiated high-grade pleomorphic sar-

coma*
Other mesenchymal tumor of bone

Tumors of undefined neoplastic nature Simple bone cyst Other mesenchymal tumor of bone
Fibrous dysplasia Other mesenchymal tumor of bone
Osteofibrous dysplasia Other mesenchymal tumor of bone
Chondromesenchymal hamartoma Other mesenchymal tumor of bone
Rosai-Dorman disease Hematopoietic neoplasms of bone
Aneurysmal bone cyst Osteoclastic giant cell-rich tumor
Langerhans cell histiocytosis Hematopoietic neoplasms of bone
Erdheim-Chester disease Hematopoietic neoplasms of bone
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risk of higher grade transformation (< 1%) and improved 
functional outcome through observation alone [22, 23, 25].

Imaging features that distinguish enchondroma from ACT/
CS1 include tumor size (> 5 cm), deep endosteal scalloping 

(> 2/3 of cortical thickness), expansile bone remodeling, corti-
cal destruction, cortical thickening, soft tissue extension, radi-
otracer uptake in a bone scan, and pain [26–29]. Douis et al. 
reported that endosteal scalloping > 2/3 of the cortex by MRI 
is highly effective in distinguishing enchondroma from ACT/
CS1 (Fig. 4) [28]. In their meta-analysis of 14 MRI studies, 
Deckers et al. added loss of entrapped fat as signs of high-
grade chondrosarcoma on MRI [30]. Another study by Deck-
ers et al. demonstrated that 87% of lesions remained stable or 
showed regression on MRI, and the marrow fat signal was pre-
sent in 87% of lesions that underwent regression [22]. There-
fore, the presence of marrow fat and lack of deep endosteal 
scalloping potentially differentiate enchondromas from ACT 
or signal regression of cartilaginous lesions (Fig. 5). Brien 
et al. proposed that a confluent mass histologically led to CS, 
whereas enchondromas grew as clustered cartilage deposits 
without forming a single mass [13]. Studies show variable 
utility of dynamic contrast-enhanced MRI in distinguishing 
enchondroma from ACT, while diffusion-weighted imaging 
shows little value [18, 29].

Central chondrosarcoma grades 2, 3

The location of high-grade chondrosarcoma is similar to that of 
ACT/CS1. Half of high-grade chondrosarcoma share IDH1 or 
IDH2 mutations with enchondroma/ACT, suggesting a clonal 
relationship with enchondroma or ACT/CS grade 1 [2]. The 
MRI features distinguishing high-grade chondrosarcoma from 
low-grade CS include loss of entrapped marrow fat, cortical 
destruction, and extraosseous extension (Fig. 6). The value of 
contrast enhancement and diffusion-weighted imaging remains 
clinically inconclusive [28, 30, 31].

Table 4   Undifferentiated small round cell sarcomas of bone and soft tissue

Ewing sarcoma CIC-
rearranged 
sarcoma

Sarcoma with BCOR 
genetic alterations

EWSR1-non-ETS fusions

EWSR1::NFATC2 FUS::NFATC2 EWSR::PATZ1

Demographics Adolescents 
with slight 
male predilec-
tion

Young 
adults 
with male 
predilec-
tion

Adolescent with male 
predilection

Children and adults with male predilec-
tion

Adults with equal 
gender distribu-
tion

Common sites Bones Soft tissue Bones(BCOR::CCNB3) 
Soft tissue(BCOR-ITD)

Predominantly 
bones

Exclusively long 
bones

Soft tissue (chest 
wall extremity)

5-year survival rate 75–80% 
(< 15 year 
old); 65% 
(adoles-
cents > 15)

17–43% 72–80%(BCOR::CCNB3) 
Unknown(BCOR-ITD)

Limited data Limited data Limited data

Fig. 1   A 25-year-old man with synovial chondromatosis. (A) Axial 
CT image shows calcified nodules. (B) Axial T1-weighted image 
shows highT1 signal (arrow) consistent with marrow fat in the nodule
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Secondary peripheral ACT/CS1 
and secondary peripheral high‑grade 
chondrosarcoma

Secondary peripheral CS arises in the cartilaginous cap 
of an osteochondroma. The vast majority (> 90%) are 
low-grade chondrosarcoma [2]. Currently, 2.0 cm is the 

proposed cut-off measurement for the thickest portion of 
the cartilaginous cap as perpendicular to the tidemark, to 
distinguish secondary chondrosarcoma from osteochon-
droma [32, 33]. The current WHO classification proposes 
that tumors in the appendicular skeleton can be called sec-
ondary peripheral ACT, and tumors in the axial skeleton 
can be called peripheral CS1 [32].

Osteogenic tumors

Osteoid osteoma and osteoblastoma

Osteoid osteoma (OO) and osteoblastoma are distinct bone 
forming lesions that, when small, can have similar micro-
scopic features. The lesions have different biological poten-
tials with OO (benign) and osteoblastoma (intermediate, 
locally aggressive), reflecting several differences in clinical 
and radiologic presentations. The usual age of onset is in chil-
dren and adolescents for OO and the 2nd–3rd decades of life for 
osteoblastoma [34, 35]. Typical locations for OO and osteo-
blastoma are long bones and posterior spinal elements, but flat 
bones are more common in osteoblastoma [34, 35]. Pain is 
usually relieved with NSAIDs in OO but not in osteoblastoma, 
and growth potential is limited in OO while increased in OB 
[34, 35]. Currently these tumors are diagnosed according to 
their size; lesions less than 2 cm are diagnosed as OO, and 
those 2 cm or larger as osteoblastoma [34, 35].

Jaffee initially described OO as a lesion consisting of 
two components: the “core or nidus-like focus (the osteoid-
osteoma proper)” and the peripheral bone thickening [36]. 
However, now the term “nidus” is typically used to describe 
the entire lesion, including the mineralized center and 

Fig. 2   A 13-year-old boy with 
synovial chondromatosis. (A) 
AP view of the left hip shows 
a lytic lesion in the left femoral 
neck causing a thin sclerotic rim 
(arrows) and without soft tis-
sue calcifications. (B) Coronal 
T2-weighted fat-suppressed 
image of the left hip shows 
diffusely high T2 signal lesion, 
which causes considerable ero-
sion (arrows) in the left femoral 
neck. Due to lack of calcifica-
tion, synovial chondromatosis 
mimics periosteal chondroma

Fig. 3   A 30-year-old woman with chondrosarcomatous transforma-
tion of synovial chondromatosis following three synovectomies four 
years after the initial diagnosis. The most recent synovectomy reveals 
chondrosarcoma grade 2 arising from synovial chondromatosis. Sag-
ittal T2-weighted fat-suppressed image shows multiple chondroid 
nodules causing multifocal bone marrow invasion (arrows) in the 
intercondylar femur and tibial spine
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non-mineralized peripheral zone [37]. OO typically appears 
as a lytic lesion with or without central calcification, cortical 
thickening, periosteal reaction at CT, and perilesional edema 
at MRI. However, when OO is intraarticular, cortical thick-
ening may be minimal due to the lack of a periosteal layer 
to produce bone [36]. In contrast, osteoblastoma presents as 
a lytic, sclerotic, or mixed lesion with perilesional edema 

(> 90%) on MRI, and it can present with fractures and soft 
tissue extension [38].

Osteosarcoma

The WHO now reclassifies osteosarcoma (OS) into six sub-
types: OS not otherwise specified (NOS), low-grade central 
OS, parosteal OS, periosteal OS, high-grade surface OS, and 
secondary OS. Osteosarcoma NOS includes three subtypes: 
conventional OS, telangiectatic OS and small cell OS [39]. 
Conventional OS account for the majority of OS (93% of all 
OS) and telangiectatic OS (TOS) (4.5%), and small cell OS 
(< 1%) are rare [40]. Based on dominant matrix, OS NOS 
can be subdivided into osteoblastic, chondroblastic, and 
fibroblastic histologic types, resulting in variable appear-
ance of the tumor at imaging. However, there is no rela-
tionship between the histologic patterns and prognosis [39]. 
Metaphyses of long bones are common sites for conven-
tional OS and TOS with male predilection, while diaphyses 
of long bones are affected by small cell OS [39]. Secondary 
osteosarcoma is now classified as a separate entity and cat-
egorized into six subtypes based on underlying conditions: 
Paget disease, radiation-associated OS, infarct-related OS, 
OS due to chronic osteomyelitis, implant-related OS, and 
OS secondary to early postzygotic disorders such as fibrous 
dysplasia [41]. Imaging studies are crucial to assess underly-
ing conditions.

Fibrogenic tumors

This category remains unchanged and includes desmo-
plastic fibroma and fibrosarcoma of bone. Desmoplastic 
fibroma is an intermediate (locally aggressive) entity typi-
cally occurring in the mandible and long bones [42]. The 
tumor is expansile and lytic, often with marginal sclerosis on 
radiograph and decreased T1 and heterogeneous T2 signals 
on MRI [42, 43]. Fibrosarcoma is a diagnosis of exclusion 
because it shares similar spindle cell histology with other 
sarcomas [44].

Vascular tumors

Primary vascular tumors of bone include hemangioma, epi-
thelioid hemangioma (EH), epithelioid hemangioendotheli-
oma (EHE), and angiosarcoma. Although these tumors may 
behave benign (hemangioma), intermediate (EH), or malig-
nant (EHE, angiosarcoma), overlap among their histologic 
and imaging features result in diagnostic challenges [45].

Previously labeled an intermediate locally aggressive 
and rarely metastasizing tumor, EH was reclassified as 
an intermediate locally aggressive tumor [46]. Some 

Fig. 4   A 46-year-old woman with atypical cartilaginous tumor and 
pain in the knee. (A) T2-weighted fat-suppressed images shows 
a chondroid lesion in the distal femoral metaphysis with marked 
endosteal scalloping (arrows) in the posterior cortex. (B) On the sag-
ittal CT image, the lesion contains multiple curvilinear calcifications 
with deep endosteal scalloping (arrows) in the anterior and posterior 
cortex. Bone scan shows mild uptake in the left distal femur (not 
shown). Pain resolved after curettage of the lesion
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regional nodal and soft tissue involvement cases have 
been reported, but the prognosis remains good without 
distant metastases or disease-related death [45–47]. EH 
usually occurs in adults with a slight male predilection. 
Typical locations are the long bones, followed by flat 
bones and spine. EH is multifocal in 18–25% of cases 
[2, 47]. The tumor typically presents as a well-defined, 
expansile lytic lesion causing bone erosion with bony 
septae (Fig. 7) [45, 47]. MRI appearance is similar to 
other vascular tumors, with high T2 signal and contrast 
enhancement (Fig. 7), and multifocality of bone lesions 
at imaging is a helpful feature [45, 47].

Osteoclastic giant cell‑rich tumors

This family of lesions contains entities that are osteoclast-rich 
lesions and includes non-ossifying fibroma (NOF), aneurys-
mal bone cyst (ABC), giant cell tumor of bone (GCTB), and 
malignant GCTB (MGCTB). The new changes include the 
deletion of the “giant cell lesion of small bones,” which is no 
longer addressed by the WHO, and the addition of ABC and 
non-ossifying fibroma, which are readily diagnosed at imaging. 
The previous giant cell lesion of small bones is considered a solid 
variant of the ABC in the current WHO classification [2, 49], 
and the terminology “giant cell lesion of small bones” and the 
related “giant cell reparative granuloma of small bone” are not 
recommend.

Fig. 5   A 57-year-old woman 
with regressing enchondroma. 
(A) Coronal T1-weighted 
and (B) coronal T2-weighted 
fat-suppressed images of MRI 
performed 15 years ago, showed 
a lobulated chondroid lesion 
occupying the entire medullary 
canal and without endosteal 
scalloping in the proximal 
humerus. Fat (arrow) was 
interspersed between chondroid 
lobules. Bone scan showed 
radiotracer uptake (not shown). 
In the current MRI, (C) coronal 
T1-weighted shows increased 
fat (arrows) between lobules, 
consistent with what has been 
described as a regressing 
enchondroma
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The distinction of primary and secondary ABC has often 
been problematic; however, the identification of the USP6 
gene rearrangement now serves as a diagnostic marker seen 
in 70% of primary ABC [2, 49]. While the distinction of 
primary and secondary lesions is often apparent on imaging, 
identifying the USP6 gene rearrangement imaging findings 
can be crucial in confirming the diagnosis as the clinical 
management of primary and secondary lesions may be radi-
cally different.

Giant cell tumor of bone

GCTB is an intermediate, locally aggressive, rarely metas-
tasizing tumor typically affecting the ends of long bones, 
such as the distal femur and proximal tibia. The WHO added 
MGCTB as a separate malignant entity which may be pri-
mary or secondary, and MGCTB accounts for < 10% of all 
GCTB [2, 50]. Secondary MGCTB is more common than 
primary, accounting for 62% of MGCTB, while primary 

MGCTB has a more favorable prognosis [2, 51]. On imag-
ing, GCTB is typically an eccentrically located well-circum-
scribed lytic lesion that arises in the metaphysis and extends 
toward the articular cartilage. Still, there is no specific radio-
graphic or cross-sectional imaging appearance to differenti-
ate GCTB from MGCTB [51]. In secondary MGCTB, mixed 
lytic and sclerotic appearance, dense ossification, or calcifi-
cation can be seen likely due to osteosarcoma arising from 
treated GCTB [52]. Malignancy arising from GCTB treated 
with denosumab has been also reported [2, 50].

Fig. 6   A 27-year-old woman with grade 2 and 3 chondrosarcoma 
in the right ilium. (A) Axial CT image shows a lytic lesion causing 
endosteal scalloping, expansile remodeling, and cortical destruction 
with soft tissue extension (arrowheads) in the right sacral neurofora-
men and gluteal muscles. The lesion contains multiple linear and cur-
vilinear calcifications (arrows). (B) Axial T2-weighted fat-suppressed 
image shows multiple high-T2 signal lobules without internal fat, 
extraosseous mass (arrowheads) with sacral marrow edema (arrow)

Fig. 7   A 66-year-old woman with an epithelioid hemangioma. (A) 
Coronal T2-weighted fat-suppressed image shows increased signal 
with mild soft tissue extension (arrow). There is a small amount of 
fluid in the iliopsoas bursa (IB). (B) Corona CT image shows diffuse 
contrast enhancement and thickened trabeculae (arrow) in the lesion, 
as well as mild soft tissue extension (arrowhead). Bone scan shows 
radiotracer uptake in the lesion (not shown)
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Notochordal tumors

The family contains benign notochordal cell tumor and chor-
doma. The WHO now classifies chordoma into conventional 
chordoma, dedifferentiated chordoma (DC), and poorly dif-
ferentiated chordoma (PDC) [53–55]. PDC is a new subtype, 
occurring in children and young adults, with a worse prog-
nosis than conventional chordoma [55–57]. Conventional 
chordomas predominantly occur in the skull base, spine, and 
sacrococcygeal bones [53]. The typical location of DC is 
sacrococcygeal and PDC in the skull base [54, 55].

Chordoma is a midline lytic lesion with cortical destruc-
tion, soft tissue extension, and occasional calcification. Mul-
tilevel involvement is typical and pathological fractures are 
more frequent in the spine than in other sites [58]. Chordoma 

tumor exhibits isointense T1 signal and hyperintense T2 
signal on MRI with heterogeneous contrast enhancement. 
Olson et al. reported that foci of hyperintense T1 signal 
are common (72% of cases), probably secondary to hem-
orrhage or proteinaceous material and multilevel involve-
ment (86%) in the spine [58]. Chordomas show moderate 
metabolic activities (SUVmax ≥ 5) on PET, but there was 
no relationship between tumor size and metabolic activity 
to local recurrence or metastatic disease. Nor was there a 
statistically significant association between the degree of 
contrast enhancement or enhancement pattern on MRI and 
SUVmax on PET [58].

The imaging appearance of DC and PDC is similar to 
conventional chordoma in terms of bone destruction and 
soft tissue mass. However, DC typically shows bimorphic 

Fig. 8   A 73-year-old male with 
a dedifferentiated chordoma. 
(A) T2-weighted fat-suppressed, 
and (B) T1-weighted post-
contrast images show a large 
destructive lesion in the sacrum 
with presacral and epidural 
extraosseous extension. The 
lesion has a bimorphic appear-
ance; the caudal component (s) 
is solid with diffuse contrast 
enhancement and the cranial 
component (f) near the sacrum 
shows fluid-like signal with 
hemorrhage and less-avid con-
trast enhancement. The enhanc-
ing dedifferentiated component 
(s) has a malignant fibrous 
histiocytoma-like growth pat-
tern in the histology

Fig. 9   A 25-year-old woman 
with a poorly differentiated 
chordoma of the sacrum. (A) 
Sagittal T1-weighted image and 
(B) T2-weighted fat-suppressed 
image of the sacrum shows a 
destructive multilevel lesion 
at S3 and S4 vertebrae with 
epidural extension, hemorrhage 
(arrows), and low T2 signal 
(arrowhead). The low T2 signal 
area showed little enhance-
ment (not shown). Despite the 
therapy, the tumor increased, 
and the patient died of meta-
static disease three years after 
initial diagnosis
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appearance depicting conventional and dedifferentiated 
components on MRI (Fig. 8). PDC generally demonstrates 
avid contrast enhancement and intermediate T2 signal than 
conventional chordoma (Fig. 9) [57].

Other mesenchymal tumors

The WHO's new family of “other mesenchymal tumors” 
includes a number of the entities from deleted previous 
tumor families (Table 3). Fibrocartilaginous mesenchymoma 
and hibernoma of bone were newly added in the WHO's 

2020 classification. Adamantinoma is further subtyped into 
classic, osteofibrous dysplasia-like, and dedifferentiated 
adamantinoma.

Fibrocartilaginous mesenchymoma

Fibrocartilaginous mesenchymoma, initially described by 
Dahlin et al. in 1984, is a rare and locally aggressive neo-
plasm characterized by spindle cells with mild cytological 
atypia, bone formation, and hyaline cartilage nodules and 
can demonstrate a growth plate-like appearance [59]. Fibro-
cartilaginous mesenchymoma affects patients under 30 years 
[59, 60]. Lack of GNAS, IDH mutations, and MDM2 ampli-
fication support the distinction of fibrocartilaginous mes-
enchymoma from other tumors such as fibrous dysplasia, 
chondrosarcoma, and low-grade osteosarcoma [60]. Fibro-
cartilaginous mesenchymoma is typically located in meta-
physis of long bones and pelvis. Although complete regres-
sion and spontaneous regression have been reported, surgical 
resection is the primary treatment [60]. Fibrocartilaginous 
mesenchymoma is a lytic lesion frequently associated with 
a sclerotic rim, cortical destruction, and extraosseous exten-
sion (Fig. 10) [60]. On MRI, the tumor shows low T1 signal 
and heterogenous high T2 signal with contrast enhancement 
and increased radiotracer uptake on bone scan [60].

Hibernoma

Newly classified benign, hibernoma of bone is a tumor of 
brown adipocytes. It is more common in older women than 
its soft tissue counterpart, which is common in young men 
[61–63]. The typical location is the spine and pelvis [62–64]. 
Hibernoma is frequently sclerotic (64%) and occasionally 
lytic (18%) on CT [63]. It shows hypointense T1 signal and 
hyperintense T2 signal compared to muscle in MRI, vari-
able presence of intralesional fat, and heterogeneous con-
trast enhancement (Fig. 11) [63]. Hibernoma shows mini-
mal uptake in lytic lesions or elevated radiotracer uptake in 
sclerotic lesions on bone scan and mild metabolic activity 
(SUVmax 3.0–4.1) on PET [63, 63].

Adamantinoma of long bones

Adamantinoma of long bones is classified into three diag-
nostic entities: (1) the intermediate (locally aggressive) oste-
ofibrous dysplasia-like adamantinoma (OFD-LA), (2) the 
malignant adamantinoma of long bone, considered the clas-
sic form, and (3) dedifferentiated adamantinoma, a newly 
recognized and rare type with a poor prognosis [65].

Previously malignant, OFD-LA is now reclassified by 
the WHO as an intermediate and locally aggressive tumor 

Fig. 10   An 11-year-old patient with fibrocartilaginous mesen-
chymoma in the left humerus. (A) Frontal view radiograph of left 
humerus shows a lytic lesion with a sclerotic rim (arrows) in the 
proximal humeral metaphysis and diaphysis. Follow-up radio-
graphs (B) shows the lesion's increased size, internal calcification 
(arrowheads), cortical destruction, and marked endosteal scalloping 
(arrows). Courtesy of Dr. Michael Klein
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because of its potential for local recurrence (20%) [65]. 
Dedifferentiated adamantinoma is characterized by classic 
adamantinoma and gradual sarcomatoid transition in histol-
ogy [2]. Metastases were reported in two-thirds of patients, 
one-third of whom died of metastases within two years of 
initial metastasis [66]. In contrast, classic adamantinoma 
displays a lower rate of metastasis (30%) and longer survival 
(> 4 years after first metastasis) [67].

There is considerable overlap in clinical presentation 
between benign osteofibrous dysplasia (OFD) and OFD-
LA, and between adamantinoma and dedifferentiated 
adamantinoma. Both OFD and OFD-LA present in young 
children with slight female predilection, and classic ada-
mantinoma and dedifferentiated adamantinoma occur in 
adults with male predilection [65]. Tibial diaphysis is 
the typical site of OFD and all types of adamantinoma. 
Synchronous fibula lesions are reported in 12% of OFD 
and OFD-LA and 10–50% of classic adamantinoma [68]. 
The radiologic similarity of these entities may also lead 
to sampling error in biopsy and misdiagnosis, prompting 
a change of diagnosis to higher grade tumor after surgical 
resection [69]. There have been reports that 60% of OFD-
LA was initially diagnosed as benign OFD, and nearly 90% 
of dedifferentiated adamantinoma were initially diagnosed 
as classic adamantinoma or other sarcomatous lesions at 
biopsy [69, 70].

At imaging, all types are typically intracortical, well-cir-
cumscribed, multilobulated, and lytic with sclerosis [66–68] 
(Fig. 12). Complete marrow involvement, cortical destruc-
tion, and extraosseous extension are more common in clas-
sic adamantinoma and dedifferentiated adamantinoma than 
OFD-LA [66–69]. Anterior bowing is more common in OFD 
and OFD-LA than in adamantinoma [68], but it may not be 
specific to these entities [69].

Undifferentiated pleomorphic sarcoma

The former “undifferentiated high-grade pleomorphic sar-
coma” is now termed undifferentiated pleomorphic sarcoma 
[71]. Undifferentiated pleomorphic sarcoma may be primary 
or secondary, associated with other conditions, such as 
infarct, Paget disease, radiation, orthopedic prosthesis, and 
diaphyseal medullary stenosis [71]. UPS is usually lytic at 
imaging with cortical destruction and soft tissue extension 
mimicking primary bone sarcomas or metastases [43].

Hematopoietic neoplasm of bone

This category has undergone significant revision and 
expansion (Table 1). Multiple myeloma has been removed 
from the WHO classification of Soft Tissue and Bone and 

Fig. 11   A 52-year-old woman 
with a hibernoma. (A) Coronal 
CT image shows a ground 
glass dense lesion with a thin 
sclerotic rim (arrowheads) in 
the right upper sacrum. (B) 
Fused axial PET-CT image 
shows an elevated FDG uptake 
with SUVmax 5.0. (C) Coronal 
T1-weighted image shows high 
T1 signal focus (arrow) consist-
ent with macroscopic fat. The 
lesion showed heterogenous T2 
signal and contrast enhancement 
(not shown)
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included in the 4th edition of WHO Classification of Hae-
matopoietic and Lymphoid tissues published in 2017 [2]. 
The current category includes solitary plasmacytoma of 
bone, primary lymphoma with its types, Langerhans cell 
histiocytosis (LCH), Erdheim-Chester disease, and Rosai-
Dorfman disease. LCH, Erdheim-Chester disease, and 
Rosai-Dorfman disease are histiocytosis that share somatic 
mutations in the common MAPK pathway, which may be 
treated with the same targeted therapies using BRAF or 
MEK inhibitors [72].

Langerhans cell histiocytosis

The WHO classifies LCH into two types depending on a 
single organ or multiorgan involvement. Single organ LCH 
typically involves bone and most often presents as a single 
lesion. Single organ LCH with focal or multifocal lesions 
remains categorized as intermediate (locally aggressive) [2, 
73, 74]. The disseminated multiorgan type is recognized for 
its higher mortality rates and poor prognosis [2, 74].

Skeletal LCH is lytic on radiograph with a predilection 
for the skull and spine. LCH may appear aggressive with 
periosteal reaction in the acute phase, mimicking Ewing 
sarcoma or osteomyelitis [75]. Typical MRI appearance is a 
low T1, and high T2 signal lesion associated with extensive 
bone and soft tissue edema [74, 75]. A skeletal survey is the 
primary imaging study for staging of LCH, although PET 
and whole-body MRI detect more bone lesions [74].

Erdheim‑Chester disease

Erdheim-Chester disease is a chronic progressive disease 
that leads to multiorgan failure and affects adults between 
50–60 years of age with a male prediction (3:1) [2, 76, 
77]. Cardiac involvement and retroperitoneal fibrosis are 
identified in more than half of patients, potentially causing 
cardiac arrhythmias and hydronephrosis [78]. Erdheim-
Chester disease is no longer considered an intermediate 
locally aggressive tumor due to its unfavorable clinical 

Fig. 12   A 15-year-old male 
with osteofibrous dysplasia-like 
adamantinoma. The patient was 
diagnosed with osteofibrous 
dysplasia (OFD) at the age of 
six. (A) Lateral view of the left 
tibia and fibula at the time of 
OFD diagnosis shows multifo-
cal mixed lytic and sclerotic 
lesions in the anterior tibial cor-
tex causing mild anterior bow-
ing. (B) Sagittal T1-weighted 
shows marked narrowing of 
the medullary canal caused by 
the tumor. The lesion gradu-
ally increased in size and lytic 
components. (C) Pasted lateral 
radiograph nine years later 
showed increased mixed lytic 
and sclerotic lesion with persis-
tent anterior bowing and a focal 
lytic component (arrow) causing 
marked endosteal scalloping
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outcomes by multiorgan involvement and is now classified 
as a hematopoietic neoplasm of bone [2, 76].

Erdheim-Chester disease is characterized by bilateral 
medullary osteosclerosis of long bones and increased radi-
otracer uptake in bone scans. Osteosclerosis is seen mainly 
in diaphysis or metaphysis in long bones, sparing the axial 
skeleton, hands, and feet (Fig. 13) [77]. They are nodular or 
diffuse enhancing marrow lesions on MRI, reflecting pro-
gressive stages of the disease [77]. FDG uptake values are 
variable in PET (Fig. 13) [77].

Rosai‑Dorfman disease

Rosai-Dorfman disease is formally termed “sinus histio-
cytosis with massive lymphadenopathy,” and extranodal 
Rosai-Dorfman disease accounts for 43% of cases [2, 79, 
80]. Although previously considered benign with a good 
prognosis, Rosai-Dorfman disease is no longer classified 
as benign in terms of its biological behavior in the current 
WHO classification. Bone involvement is seen in 5–10% of 
Rosai-Dorfman disease with a slight predilection for women 

(mean age: 31 years) and correlated with worse prognosis 
with fatal cases [80]. The typical locations are metaphy-
ses or epiphyses of long and craniofacial bones [2, 77, 80]. 
The lesions are typically intramedullary lytic with corti-
cal destruction and extraosseous extension and can mimic 
malignant tumors or metastases [77, 80]. MRI appearance 
consists of focal lesions with low T1 and high T2 signal and 
contrast enhancement [77].

Undifferentiated small round cell sarcomas 
of bone and soft tissue (Table 4)

Despite their histologic similarity, small round cell sarcomas 
are diverse entities which arise either from bone or soft tis-
sue and exhibit unique genetic mutations and clinical behav-
iors. The 2020 WHO classification recognizes these distinct 
tumors under a new category in a separate chapter titled 
“undifferentiated small round cell sarcomas of bone and soft 
tissue” [2, 81–84]. Diagnostic molecular profiles and clini-
cal features separate this category into four types: Ewing 
sarcoma, CIC-rearranged sarcoma, sarcoma with BCOR 

Fig. 13   A 46-year-old man with Erdheim-Chester disease. (A) Coro-
nal CT image shows infiltrative pericardial soft tissue (arrows) encas-
ing the aorta, pulmonary artery, and vein, as well as bilateral retroper-
itoneal soft tissue encasing the kidneys (arrowheads). (B) Bone scan 
shows intense radiotracer uptake in the clavicles, diaphyses and dis-

tal metaphyses of right humerus, and bilateral femora. (C) PET MIP 
image shows diffuse mild FDG uptake in mediastinum and bone and 
soft tissue of lower extremities (arrows). The patient was treated with 
dabrafenib, BRAF inhibitor. Subsequent PET shows decrease in FDG 
uptake and sclerosis (not shown)
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genetic alterations, and EWSR1-non-ETS fusions. Ewing 
sarcoma is the second most common primary malignancy 
of bone in children and young adults after osteosarcoma. 
Ewing sarcoma is characterized by gene fusion involving the 
FET (FUS, EWSR1 and TAF15 genes) family of genes with 
a member of the ETS (Erythroblast Transformation Specific) 
transcription factors. The other three Ewing-like sarcoma 
entities lack EWSR1-ETS gene fusion [2, 82–85].

CIC‑rearranged sarcoma

Discovered in 2016, the CIC::DUX4 fusion is the most 
common genetic alteration in CIC-rearranged sarcoma and 
comprises the majority lacking EWSR1 fusions [2, 82, 85]. 
CIC-rearranged sarcomas peak in the third decade of life and 
rarely involve bones [85]. Their clinical behavior is aggres-
sive, with a five-year survival rate ranging from 17–44% 

[85]. CIC-rearranged sarcoma demographics and anatomic 
sites are similar to extraskeletal ES [86]. Imaging features of 
CIC::DUX4 sarcomas also overlap with those of extraskel-
etal ES, including isodense to hypodense attenuation to skel-
etal muscles in non-contrast CT and heterogenous contrast 
enhancement with necrosis on CT and MRI (Fig. 14) [86]. 
Brady et al. reported that the average CIC-rearranged sar-
coma FDG uptake was higher than those of extraskeletal 
Ewing sarcoma, which likely accounts for their aggressive 
clinical course [86]. Flow voids and hemorrhage are com-
mon with occasional fluid levels, likely due to hemorrhage 
(Fig. 14).

Sarcoma with BCOR genetic alterations

Sarcomas with BCOR genetic alterations account for about 
5% of Ewing-like sarcoma [85]. They are due to gene fusion 
(most commonly BCOR::CCNB3) or BCOR-internal tandem 
duplication (BCOR-ITD). BCOR::CCNB3 sarcoma affects 
children with male predilections and usually arises from the 
pelvis and lower extremities, affecting more bone than soft 
tissue [2, 83]. The prognosis of BCOR::CCNB3 is similar 
to that of Ewing sarcoma and better than other Ewing-like 
sarcomas [56, 57]. BCOR-ITD usually occurs in infancy and 
mainly arises in the soft tissue of the trunk, retroperitoneum, 
and head and neck [1, 56]. Prognosis is not known [56].

Imaging features of BCOR::CCNB3 include either lytic 
or sclerotic bone lesions. Soft tissue calcifications on CT are 
seen in 40% of cases (Fig. 15). Flow voids and necrosis are 
also frequently seen [86, 87]. These tumors are hypermeta-
bolic on PET [86]. BCOR-sarcomas in soft tissue are often 
large masses involving deep soft tissue with or without well-
demarcated borders and heterogeneous T2 signal at MRI. 
These tumors may invade bone [87]. Imaging features of 
BCOR-ITD are little known. The tumor can be aggressive 
invading spinal canals and show low T1 signal and high T2 
signal with heterogeneous enhancement and non-enhancing 
areas, probably due to variable degrees of cellularity and 
myxoid matrix (Fig. 16).

EWSR1‑non‑ETS fusions

Sarcomas with EWSR1-non-ETS fusions include 
EWSR1::NFATC2, FUS::NFATC2, and EWSR::PATZ1 sar-
comas. EWSR1::NFATC2 sarcomas occur more frequently in 
long bones than soft tissue, while FUS::NFATC2 have been 
reported only in long bones with a male predilection and 
affecting a wide age range [84]. EWSR::PATZ1 sarcomas 
tend to involve deep soft tissue of the chest and abdomi-
nal wall with a broad age range and equal gender distribu-
tion [85]. The imaging appearance of these tumors is little 

Fig. 14   A 21-year-old woman with undifferentiated small round cell 
sarcoma with CIC-DUX4 gene fusion. (A) In the axial T2 image, a 
few fluid levels (arrowheads) are evident in the mass. (B) Axial-fused 
PET MRI image shows high metabolic activity (arrow) in the tumor. 
The tumor showed contrast enhancement in the area with high meta-
bolic activity on MRI (not shown)
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Fig. 15   Undifferentiated 
small round cell sarcoma with 
BCOR::CNNB3 genetic altera-
tion in two different patients. 
(A) Sagittal CT of a 2-year-old 
boy shows a lytic L3 vertebral 
lesion (arrow) causing severe 
pathologic compression fracture 
and a large low-attenuation 
extraosseous paraspinal mass 
(arrowheads). (B) Sagittal CT 
image of an 18-year-old man 
shows a sclerosing T8 vertebral 
lesion with a partially calci-
fied epidural soft-tissue mass 
(arrow). Cord compression was 
present on MRI (not shown)

Fig. 16   An 8-month-old male infant with undifferentiated small 
round cell sarcoma with BCOR-ITD genetic alteration. (A) Sagit-
tal T2-weighted image demonstrates a large retroperitoneal and pel-
vic tumor (T) with diffuse high T2 signal. The tumor extends into 
the lumbar and sacral spinal canal (t) and bilateral neural foramens 
(arrows). (B) Sagittal T1-weighted fat-suppressed image shows diffuse 

contrast enhancement in the tumor (T), as well as its posterior exten-
sion (arrow). However, the epidural component (t) shows no contrast 
enhancement. The tumor compresses on the urinary bladder (ub) and 
causes hydronephrosis (arrowheads). The tumor subsequently increased 
in size despite chemotherapy and the patient died of disease within a 
year following initial diagnosis



345Skeletal Radiology (2023) 52:329–348	

1 3

known. The tumor can appear similar to other primary bone 
malignancies, causing bone destruction and extraosseous 
extension with necrosis (Fig. 17).

Conclusion

This article reviewed major changes in the WHO’s 2020 
classification of bone tumors and pertinent imaging find-
ings. These changes include reclassification of existing 
bone tumors, including benign (chondroblastoma, chondro-
myxoid fibroma, ABC), intermediate (OFD-LA, synovial 
chondromatosis), and malignant entities (disseminated LCH, 

Erdheim-Chester disease). The current WHO classification 
also introduced new entities according to tumor genetics 
and biological behavior. A new chapter on the category of 
undifferentiated small round cell sarcomas of bone and soft 
tissue classifies Ewing sarcoma and Ewing-like sarcoma, 
according to their different molecular and clinical behavior. 
Up-to-date knowledge of both terminology and classification 
is essential for recognizing the biological behavior of each 
disease entity and providing consistent oncologic treatment 
options for better clinical outcomes.
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