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Chondrosarcoma (CHS) is a rare oncopathology, is the third
most common primary bone tumor after multiple myeloma and
osteosarcoma. It accounts for about 25 % of the total number
of bone sarcomas. CHS mainly affects adults and occurs more
often in people older than 40 years, in children and adolescents
it is less than 5 % of all cases of primary CHS. The most com-
mon CHS sites can be any bone containing cartilage, but most
often this tumor is found in pelvis, femur and shoulder bones,
and ribs. CHS are divided: by origin (primary and secondary),
anatomical site (central — inside the bone marrow canal, pe-
ripheral — inside the existing osteochondroma, periosteal — on
the bone surface), histological degrees GI-GII-GIII. The WHO
classification (2020) includes central normal, secondary periphe-
ral, periosteal, dedifferentiated, mesenchymal and clear-cell
CHS. More than 90 % of conventional CHS are tumors of low
and medium malignancy degree, with a low potential for me-
tastasis. CHS is caused by mutations in genes that control bone
growth and development. The main risk factors are the patient’s
age, previous radiation, genetic factors and predisposition to
oncological diseases. Diagnosis of CHS is based on a complex
algorithm, which involves collecting the patient's complaints,
anamnesis, clarifying clinical symptoms, imaging (X-ray, CT,
MRI), histopathological picture. The biopsy conclusion is
the most important in establishing the final diagnosis. However,
there are several tumors whose histological picture is similar to
CHS: enchondroma, chondroblastoma, osteosarcoma, giant cell
tumor of bone, dedifferentiated liposarcoma, synovial sarcoma.
The CHS treatment protocol is determined based on the results
of anamnestic data, imaging, histopathological results, CHS
classification, and its final tumor subtype. The «gold standard
remains surgical removal of the tumor. Radiation and chemo-
therapy don’t play a significant role in the treatment of CHS,
but require further study. Targeted and immunotherapy have
a certain potential, even with a high degree of CHS resistance to
traditional chemotherapy.

Xonopocaproma (XC) — piokicha onkonamonoeis, mpenis 3a no-
wupenicmio ceped NepeUHHUX NYXJAUH KICMOK NiCIs MHOJICUH-
HOI Mienomu 1 ocmeocapkomu ma cmanogums 61u3zeko 25 % 6io
3aeanvHoi Kinbkocmi capkom kicmok. XC ypasicae 30e6invuio2o
dopocaux i yacmiuie BUHUKAE 6 nrodeti cmapuiux 3a 40 poxis, y Oi-
mell i nionimxie cmanosums menut Hide 5 % ycix eunaoxis nep-
sunnoi XC. [lamonoeis 10Kanizyemvcs 8 Kicmkax, sKi Micmumbp
XpAw, ane naudacmiwie ii 6UAGIAIOMY Y KICMKAX MA3d, CMEe2HO-
6iil i naeyosii, peopax. XC posn 00insgiomy. 3a NOX00NHCEHHAM
(nepeunHi ma 6MOPUHHI), TOKANI3AYIEIO (YeHMPATbHA — Ycepeou-
HI KICIMKOBOMO3K08A020 KAHAY, NEPUpeputHa — ycepeOuHi ichyto-
4ol 0CMeoxoHOpoOMU, Nepiocmanbia — HA NOBEPXHi KICMKU),
eicmonoeiunumu cmynenusamu GI-GIlI-GIIl. Knacugixayis BOO3
(2020) posnoodinse XC na yenmpanvhy 36utaiiny, 6MopuHHy ne-
pugepuuny, nepiocmansiy, 0eoughepenyitiosary, Me3eHxiMaibHy
ma ceimnoxaimunny. Ionao 90 % 3euuaiinux XC ¢ nyxaunamu
HU3bKO2O Mad CepeoHbo20 CMYNEHi8 310AKICHOCI, 3 HU3bKUM
nomenyianom memacmasyeauns. L{s namonoeis sunukae enac-
00K Mymayitl y eeHax, AKi KOHMpOImMb 3POCMAHHAL md
poseumox kicmox. OCHOGHI YUHHUKU PUBUKY — 2eHemuuHi, 8iK
nayieuma, nonepeoHe ONPOMIHEHHs, CXUTbHICIb 00 OHKOA02TU-
Hux 3axeoprogann. iaenocmuxa XC 6a3yemvbcs HA KOMIIEKCHOMY
aneopummi, AKuil nepedbauae 30ip cxape nayicHma, anamuesy,
35CY8AHNS KAIHIYHUX CUMNMOMIB, Pe3yIbmamis peHmeeHozpa-
i, Komn’romepHoi ma MazHimHo-pe30HancHoi momozpapii'i cic-
monoziuno2o ananizy nicas 6ioncii. Ilamonozoanamomiynuii
6UICHOBOK € HAUIBALOMIWUM } CINANOBIEHHT OCIAMOYH020 Oiaz-
no3y. Ilpome icuye Kinbka nyxaum, 2icmoao2iuna Kapmuna aKux
noodiona oo XC: enxonopoma, xoHOpoOLIACMOMA, OCMEO02eHHA
capkoma, 2ieaumoKAIMUKHA NYXAuHa Kicmku, oedugepenyiina
ninocapkoma, cunogianvna capkoma. Ipomoxon nikyeanna XC
BU3HAYAIOMb HA NIOCMABI Pe3YIbMamis aHaAMHeCMUYHUX OAHUX,
npomenesoi gizyanizayii, 2icmonamono2iuHoi KapmuHu, Kia-
cugirayii. «3onomum cmanoapmomy» 3arUWAEMbCS Xipypeiu-
He eudaneHHs HosoymeopeHHs. [Ilpomeneea ma ximiomepaniis
He gidiepaiomo cymmeeoi poni 6 nikyeanni XC, ane nompebyioms
noodanvuoeo eusyenns. Ilesnuili nomenyian maroms mapeemmua
u imynomepanis. Kmiouosi crosa. Xonopocapkoma, xknacugira-
yis, oiazHOCMuUKdA, 1iKY8AHHSL.
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Introduction

Chondrosarcoma (CS) is a rather rare abnormali-
ty, which is a heterogeneous group of malignant bone
tumors characterized by the formation of neoplastic
hyaline cartilage tissue [1]. It was separated into an in-
dependent form by Phemister in 1930. It is the third
most common among large primary malignant bone
tumors after multiple myeloma and osteosarcoma,
making up 20-25 % of the total number of all tu-
mors of the musculoskeletal system and is characte-
rized by the initial development from cartilage cells
[2—4]. It has been proven that CS accounts for about
3.6 % of the annual incidence of all primary malig-
nant tumors and 20-30 % of primary malignant bone
tumors in the United States [S]. On a global scale,
the total incidence of CS is estimated at approximately
0.1-0.5 cases per 100,000 population per year [3]. CS
usually affects adults, and the incidence increases with
the age of patients, and it is more often found in peo-
ple over 40 years of age. The peak incidence falls on
the fifth-seventh decade of life. Patients with seconda-
ry CS are mostly younger than those with primary
CS, with an average age of 34 years [6]. The incidence
of CS varies greatly depending on the specific subtype
and primary location of the neoplasm. For example,
juxtacortical CS (a rare subtype) accounts for less than
1 % of all CSs, and mesenchymal CS accounts for
3-10 %. It should be noted that the incidence of CS in
the gender ratio (male: female) is approximately 1.5:1.

Regarding children and adolescents, CS is a very
rare neoplasm in the age group of less than 18 years,
and the incidence rate of CS differs significantly from
adults. In particular, Finnish scientists demonstrated
an overall incidence of 3.6 children or adolescents per
1 million for osteosarcoma, 1.2 for Ewing's sarcoma,
and only 0.3 for CS [7]. And according to the Japanese
National Registry of Bone and Soft Tissue Tumors,
521 young patients (under 15 years) with primary di-
agnosed malignant bone neoplasms were identified
between 2006 and 2013. Among them, only 8 (1.5 %)
people had CS [8].

Any bone containing cartilage can be the most
common anatomical site of CS origin, but it is most
often found in the proximal part of the femur and hu-
merus, the distal part of the femur, pelvic bones, and
ribs. The femur is one of the most frequent locations in
the lower extremity for common CS and accounts for
approximately 20-35 % of cases, while the upper ex-
tremity is affected in 1020 % of cases (proximal hu-
merus) [9, 10]. Damage to long bones usually involves
the metaphysis (49 % of cases) [11]. Common CS also
often affects flat bones, such as the bones of the pel-

vis, scapula. CS of pelvic bones is observed in about
10—15 % of the total number of CS [12], in particu-
lar, in the ilium — up to 70 % versus 30 % in the fe-
mur [13]. Distant metastases develop in approximately
26 % of patients with CS, and most often in the lungs
[14, 15].

CSs that arise de novo are called primary, and those
that develop on the basis of existing benign cartilage
tumors (enchondroma or osteochondroma) are called
secondary. CSs are a heterogeneous group of tumors
that can be classified according to their anatomical
location as central (arising in the medullary canal) or
peripheral (in the cartilaginous «lid» of the exostosis).
Secondary CS, which develops on the bone surface as
a result of malignant transformation within the car-
tilage of a previously existing osteochondroma, is
also called peripheral. The risk of CS in single osteo-
chondroma is known to be less than 1 %. However,
with multiple osteochondromatosis, the risk increases
to 5 %, mostly after the maturity of the bone skele-
ton [16]. Patients with Ollier disease and Mafucci syn-
drome may have up to a 40 % risk of developing CS.
In addition to the usual primary SCs that show hyaline
cartilage differentiation, there are other types of tu-
mors such as dedifferentiated, mesenchymal, or clear
cell subtypes with distinct genetic and clinicopatholog-
ical characteristics [17].

As mentioned above, CSs are distinguished by
their origin (primary and secondary), localization
(central — inside the intramedullary cavity, periphe-
ral — inside the cartilage cover of a pre-existing osteo-
chondroma, periosteal — juxtacortical, on the surface
of the bone) [3, 4, 18]. Further classification of CSs is
based on histological subtypes of the tumor, including
normal (grades I-III), clear cell, mesenchymal, and
dedifferentiated CS [19, 20]. Finally, the 2020 World
Health Organization classification divides CS into
subtypes: central common, secondary peripheral, peri-
osteal, dedifferentiated, mesenchymal, and clear cell
CS [21]. Characteristic features of visualization of nu-
merous categories of CS can contribute to their accu-
rate diagnosis and classification. Radiography helps to
identify chondroid tumors of the enchondroma type
with their characteristic features. Computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) can
usually reveal features of the visual picture of malig-
nancy to differentiate between chondrosarcoma and
enchondroma [22].

The average survival rate of patients with CS is
higher than that of patients with osteosarcoma and Ew-
ing's sarcoma: 5 years in 72-75 %, 10 years in 69 %
[21, 23-25]. Wide ablastic resection of the tumor has
become the «gold standard» of CS treatment, which
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has hardly changed during the last decades. However,
no difference in overall survival of patients who under-
went wide excision or intra-focal curettage was found
for G-I CD [22, 26, 27]. For more aggressive subtypes
of CS (G-I, G-III), surgical resection is associated
with a longer period of life of patients compared to
marginal or intrafocal [24, 28, 29]. This may be due to
the fact that mostly CSs are resistant to both chemo-
and radiotherapy due to the presence of extracellular
matrix, a low percentage of dividing abnormal cells,
and poor vascularization [26, 30-32].

The results of treatment of patients with CS depend
on the degree of tumor differentiation, stage and limits
of surgical intervention, and a high degree of malig-
nancy of CS indicates a decrease in patient survival
[33-35]. Despite advances and numerous attempts
to improve treatment techniques, survival rates have
remained largely unchanged over the past decades.
The studies conducted were within a single institution
or used the SEER (Surveillance, Epidemiology and
End Results) database, and mainly analyzed median
survival and changes in patient status associated with
poor prognosis. To date, there is a fairly large study
of CS, which analyzed 2,890 CS cases from the SEER
database [36], but it examined cases from 50 years ago,
from 1973 to 2003. No work has examined CS rates
within the National Cancer Data Base (NCDB), created
by the American College of Surgeons and the Ameri-
can Cancer Society, which includes more than 30 mil-
lion patient demographics and accounts for more than
70 % of new cancer diagnoses in of the United States
[37, 38]. With the emergence of new surgical and gene-
ral oncology treatments, the current study seeks to use
the latest data from the authoritative NCDB database
to update the scientific literature on CS, recognize re-
cent trends in CS incidence, evaluate demographics,
changes in therapy tactics associated with improved
diagnostic outcomes and treatment of patients with CS.

Etiology

The exact etiology of CS is currently not well un-
derstood, research in this direction is constantly ongo-
ing. The causes of CS, like most malignant tumors, are
not completely understood. However, it has been estab-
lished that the disease is usually caused by mutations
in the genes that control bone growth and development.

Several identified CS risk factors are as follows:

—age — CS is more often observed in the elderly,
with the peak incidence in patients at the age of 50—70;

— previous radiation — ionizing radiation used
during the treatment of cancer or other diseases can
increase the risk of developing CS;

— genetic factors and genetic predisposition to on-
cological diseases — some family syndromes (for

example: multiple hereditary exostoses and Ollier's
disease, Mafucci syndrome) are associated with an in-
creased risk of developing CS. Mutations in the IDHI
and IDH2 genes have also been found in some cases
of CS;

— Paget's disease — characterized by abnormal
bone remodeling and growth, may increase the risk
of developing CS;

— bone infarcts — areas of dead bone tissue caused
by impaired blood supply, associated with an increased
risk of CS;

— chondroma of soft tissues is a benign tumor that
can sometimes transform into CS;

— history of skeletal bone injuries;

— toxic substances — included in the composition
of such materials as asbestos and carbon, with pro-
longed toxic effects on the human body can cause aber-
rations at the cellular level and lead to the development
of CS;

— Li-Fraumeni syndrome — occurs due to mu-
tations in the TP53 gene, which is responsible for
the synthesis of the so-called «tumor protein» P53.
The latter is a suppressor of tumor growth and without
its proper functioning, cells can divide uncontrollably
and turn into sarcoma. All individuals with Li-Frau-
meni syndrome have a 90 % chance of developing one
or more types of cancer [39].

In the preventive aspect, screening of patients with
benign bone-cartilage lesions plays a certain role.
The increased risk of malignant transformation by os-
teochondroma, chondroma and enchondroma has been
proven. The risk of secondary malignancy in single
osteochondroma is usually lower than in patients with
multiple osteochondromatosis. An annual MRI exami-
nation is recommended for such patients, especially in
the presence of relevant clinical symptoms. A thorough
radiographic examination should be performed when
any pain and/or swelling first appear or progress over
time [40—43].

Overall, the etiology of CS is complex and likely
involves a combination of genetic and environmental
factors that influence the development and differenti-
ation of cartilage and bone tissues. Further research is
needed to better understand the causes of this disease
and to develop more effective prevention and treatment
strategies.

Types of chondrosarcoma

CS is considered a slow-growing and low-aggres-
sive tumor, but there are also quite aggressive subtypes.
Several types of CSs are divided based on localization
and histological and molecular features. Each type
of CS has its own characteristic pathohistomorpho-
logical features, which usually determine the choice



ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2023. No 2

of treatment tactics and the prognosis of the disease.
The main types of CS include:

1. Common or central CS is the most common type,
occurs in the bone marrow cavity of long bones and
accounts for approximately 85 % of cases. It consists
of well-differentiated cartilage cells and hyaline carti-
lage matrix. Central CS occurs in the pelvis, femur, or
humerus.

2. Dedifferentiated CS is a rare and aggressive sub-
type, containing a well-differentiated tumor of car-
tilage, or enchondroma, or CS of low degree of ma-
lignancy, with a sharp transition to a focus with
non-cartilaginous sarcoma of high degree of malig-
nancy. More aggressive than usual, it accounts for
about 10 % of all cases of CS and has a higher risk
of metastases. The average age of patients is from
50 to 60 years. Men and women are affected equally.
The most common sites of damage are the femur and
pelvis. Most lesions occur centrally in the medullary
cavity of the bone, although there are reports of dedif-
ferentiation in the case of juxtacortical type of CS or
from an existing osteochondroma.

3. Mesenchymal CS is a rare subtype (less than
2-13 % of all primary CSs), consists of small undiffe-
rentiated small round or spindle-shaped cells with
areas of hyaline cartilage, characterized by the pro-
duction of both cartilage matrix and fibrous or my-
xoid stroma. It occurs in the bone, in the soft tissues
of the head, neck or trunk at any age, with a peak in-
cidence in the second or third decade of life. The cra-
niofascial area is most often affected (15~30 %), in
particular the lower and upper jaws. Other common
localizations are femur and shoulder bones, ribs, spine,
pelvis. About 7 % of bone lesions are multicentric.
About 1/3 of the lesions are mainly extraskeletal are-
as, of which the meninges (cranial > spinal) are more
often affected. It is more aggressive than conventional
CS in terms of course, and also has a higher risk of me-
tastasis [44].

4. Clear cell CS is a rare subtype (about 1-2 %)
of all low-grade CSs, characterized by the presence
of specific «clear» cells (clear cytoplasm) in tumor tis-
sues. It affects men more often than women (2.6:1) and
has a predominant localization in the epiphyses of long
bones (proximal femur and humeral head in 2/3 of cas-
es), but most bones, including the spine, ribs, pelvis,
and hands and feet may be involved. The age range is
wide, with peak incidence from 30 to 40 years. Clini-
cally, clear cell CS appears one to two decades later
than chondroblastoma. It mostly has a good prognosis
[45, 46].

5. Juxtacortical (periosteal) CS occurs in the peri-
osteum or soft tissues adjacent to the bone, is localized

on the surface of the femur or humerus, in the metaphy-
seal zone. It is characterized by the production of hy-
aline cartilage matrix and can be mistaken for a be-
nign tumor, for example, osteochondroma. The peak
incidence is from 30 to 40 years. The tumor mostly
has a low degree of malignancy and a good prognosis
[47, 48].

6. Secondary CS is a rare subtype that occurs in
previously benign cartilaginous tumors, such as en-
chondromas or osteochondromas, which can be both
central and peripheral (more often). It usually develops
in older people and has a better prognosis than other
types of CS. Malignant transformation into peripheral
CS is observed in 1 % of cases with solitary osteo-
chondroma, in 3-5 % with osteochondromatosis (he-
reditary multiple exostoses) [49, 50]. Central secondary
CS develops as a malignant transformation of enchon-
droma (extremely rare) or enchondromatosis, such as
Ollier disease or Maffucci syndrome. Patients with Ol-
lier disease and Maffucci syndrome have a 25-30 %
risk of developing CS. Ollier's disease is a non-hered-
itary developmental anomaly characterized by nume-
rous enchondromas in the epiphyses, metaphyses and
diaphyses of skeletal bones.

The size, number, location and evolution of en-
chondromas are quite diverse. Clinically, the disease
is characterized by asymmetric, unilateral damage to
the lower extremities, but often bilateral damage to
the hands and feet. Any part of the skeleton formed
by endochondral ossification can be affected. Maffucci
syndrome is a condition in which enchondromatosis is
combined with soft tissue hemangiomas [51, 52].

About 80 % of primary CSs are common. Seconda-
ry abnormalities account for less than 10 % [9, 53].
Some authors report that they develop from 0.4 to
2.2 % of patients with solitary osteochondroma or en-
chondroma [54], in 27.3 % with hereditary multiple
exostoses [55], 30-50 % with Ollier’s disease, up to
100 % with Maffucci syndrome [56, 57]. Enchondro-
mas are considered as precursors of secondary central
CS, osteochondromas as peripheral ones. There are ge-
netic differences between primary and secondary CSs,
causing variations in clinical presentation and behavi-
or [11]. Secondary tumors usually have a low degree
of malignancy. Changes in clinical symptoms in pa-
tients with known previous pathology indicate the de-
velopment of CS. The most frequent site of damage for
secondary CS is the pelvis, followed by the proximal
part of the femur, the scapula, and the proximal part
of the humerus [58].

Myxoid CS is another so-called «subspecies» of CS,
characterized by noticeable myxoid changes of ordi-
nary highly differentiated CS. However, extraskeletal
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myxoid CS is a disease different from bone CS: these
soft tissue sarcomas most often occur in the lower ex-
tremities [59, 60]. The term «chondrosarcomay, which
is used to describe extraskeletal myxoid CS, is incor-
rect, since well-formed hyaline cartilage is determined
only in a minority of cases of this disorder [61, 62].
The 2020 WHO classification distinguishes extraskele-
tal myxoid CS as a «tumor of uncertain differentia-
tion» [63]. Myxoid CS of bone is also not designated as
a unique independent neoplasm, and that is why these
tumors should rather be considered as myxoid variants
of ordinary CS [21].

According to the degree of differentiation, CS tu-
mors are divided into high- and low-differentiated, as
well as intermediate level of differentiation. The most
aggressive subtype is highly differentiated CS, cha-
racterized by the highest risk of metastases and local
recurrences. Fortunately, this is an uncommon subtype
of CS, accounting for approximately 5—10 % of all cas-
es. This abnormality is characterized by a high degree
of cellular atypia, mitotic activity, and invasion of adja-
cent tissues. It is usually removed surgically, followed
by radiation and chemotherapy. The goal of surgery is
to remove the entire tumor within healthy tissue and
reduce the risk of recurrence. However, highly dif-
ferentiated CS is often resistant to chemotherapy and
therefore has a poor prognosis.

Poorly differentiated CS is the most common sub-
type of CS, accounting for approximately 70—80 %
of all cases. It usually grows slowly and has a low risk
of metastases. However, it can be locally aggressive
and often requires surgical intervention to remove
the tumor to prevent its spread.

Intermediate class CS does not occur as often as
poorly differentiated one, but is characterized by
a higher risk of developing metastases and local re-
currences. In most cases, it is removed surgically, fol-
lowed by radiation therapy, because chemotherapy is
almost ineffective.

A very important distribution of CS is their grada-
tion according to the degree of malignancy according
to histological assessment. Biological behavior of CS
is evaluated from 1 to 3 based on the size of cell nu-
clei, staining pattern (hyperchromasia), mitotic activity
and cell density [64]. Grade CSl1 is a low-grade tumor
that contains chondrocytes with small, dense nuclei,
but cells with enlarged nuclei (> 8 pm) and a few mul-
tinucleated cells (most often binucleated) may be pre-
sent. The stroma is mainly chondroid, with rare or ab-
sent myxoid areas [31]. The CS2 grade includes CSs
of moderate degree of malignancy, which contain less
cartilaginous matrix and a larger number of cells com-
pared to CSI tumors. Chondrocyte nuclei are enlarged,

vesicular or hyperchromatic, there are binucleate and
multinucleate cells [3]. CS3 (CS3), a high degree of ma-
lignancy, is characterized by greater cellularity com-
pared to CSI and CS2 tumors, nuclear pleomorphism
with minor areas or absence of cartilaginous matrix.
Nuclei are usually vesicular, often spindle-shaped and
may be 5-10 times larger than normal. Non-minerali-
zed tissue in CS has high water content, histologically
varying from mature hyaline cartilage to a more my-
xoid stroma [3]. The periphery of CS is characterized
by invasion of chondroid tissue into trabecular bone.
After determining this morphological feature, the de-
gree of cellularity is used to determine the degree
of malignancy of CS. Invasion of the endosteal surface
reflects the beginning of extraosseous spread of the tu-
mor, as the first step to high-grade CS [65]. Most CSs
are common, about 60 % of them are classified as CS1
or CS2 [66].

Classification

It is a very important and mandatory stage in the di-
agnostic and treatment process, required for accurate
diagnosis, choosing the appropriate treatment with
an emphasis on surgical intervention, and finding out
the prognosis of the course of a malignant neoplasm. CSs
can be classified on the basis of several factors, includ-
ing localization, histological characteristics and the de-
gree of differentiation, aggressiveness of the tumor.

Classification based on localization: for example,
CS of the pelvic bones, CS of the femur or humerus
with the definition of the site (diaphysis, metaphysis,
epiphysis), etc.

Histological classification of CS 1is based on
the distribution of tumors according to histological
characteristics (the presence of hyaline cartilage mat-
rix, fibrous or myxoid stroma, or clear cell cytoplasm).
Also, CS is classified on the basis of the histological
degree of differentiation into 3 classes — GI, GII,
GIII. Low-differentiated CSs contain cells that resem-
ble normal chondrocytes by phenotype, while highly
differentiated ones contain significantly more atypical
cells and may resemble other types of bone sarcomas.
Histological grading is an important prognostic fac-
tor for the course of CS, playing a significant role in
the choice of treatment tactics. At the same time, it
has been proven that highly differentiated tumors have
a much worse prognosis.

Class I (low-differentiated CS) is the most common
type, accounting for approximately 70 % of cases. Class I
CSCs have low cellularity, slow growth, low risk of me-
tastasis, and are mostly successfully treated surgically.

Class II (intermediate degree of CS differentia-
tion) has greater cellularity and more nuclear atypia
than grade I tumors. They are more aggressive, have
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a higher risk of metastases. Treatment usually involves
surgical removal of the tumor and may also include
radiation therapy.

Class III (highly differentiated CS) is the most
aggressive type, with high cellularity, frank nuclear
atypia, and high mitotic activity. They have a high risk
of metastases and are usually treated comprehensively.

Surgical classification

For onco-orthopedics and specialists who imple-
ment the surgical stage of treatment of CS, the most
important is the surgical classification of bone tumors
according to Enneking, which is based on the ana-
tomical location of the tumor, the histological degree
of its malignancy, the presence or absence of metasta-
ses. With the help of this classification, it is possible to
clearly clarify the options for surgical treatment of CS
depending on the stage of the tumor. In the Enneking
system, malignant bone tumors (CS, etc.) are divided
into three categories:

Stage I: poorly differentiated tumors that are
limited to the bone and do not spread to other parts
of the body, divided into two subcategories:

— IA — the tumor is intracompartmental, that is, it
is limited to the cortical layer of one bone and does not
violate the periosteal zone;

— IB — the tumor is extraosseous, violates the peri-
osteum and can be in contact with the adjacent soft
tissues.

Stage II: highly differentiated tumors limited to
bone, not spreading to other parts of the body, divided
into two subcategories:

— IIA — intracompartmental, that is, limited
to the cortical layer of one bone and do not violate
the periosteal zone;

— IIB — the tumor is extraosseous, violates
the periosteum and may be in contact with the adjacent
soft tissues.

Stage III includes tumors that have metastasized
to other organs and systems of the body (lungs, liver,
brain, etc.), have two subcategories:

— [ITA — metastases are single, limited to the lungs
and can be removed surgically;

— IIIB — metastases of significant size, inoperable,
or there are too many of them.

The international classification of bone tumor stag-
es is based on determining the degree of malignancy,
size and presence of metastases (Table) [21].

Symptoms  and  clinical characteristics
of chondrosarcoma

Presentation of CS depends on its level of malig-
nancy, clinical symptoms are mostly non-specific. For
example, G1 CS can develop gradually over several
years. At first, the patient feels discomfort at the site

of the neoplasm, followed by the development of pains,
weak at first, but intensifying over time. Painful sensa-
tions disappear after rest, later on patients usually start
to take painkillers. At night, the pain intensifies, over
time the tumor increases in size, it can be seen visually
or palpated. Hyperemia of the skin over the location
of the CS, a slight increase in temperature, an increase
in the intensity of the pattern of blood vessels, and pain
during movement are possible. The patient may note
a decrease in motor activity and coordination.

In CS GII-GIII degrees of malignancy, the disease
progresses quite acutely, and already 2-3 months af-
ter the development of a tumor, the patient turns to
specialists. He is bothered by severe pain in the loca-
tion of the neoplasm, painkillers do not help. The pain
increases every day and does not leave the patient
even during the day. The patient complains of weak-
ness and weight loss. This type of CS most often af-
fects young people and is characterized by frequent
relapses. Symptoms of the disease largely depend on
the location of the tumor. If the pelvic bones are af-
fected, the pain may radiate to the buttock and lower
limbs. Possible symptoms may include difficulty uri-
nating, swelling of the lower limbs, paresis and muscle
atrophy.

General clinical symptoms of CS may vary de-
pending on the location and size of the tumor. Com-
mon symptoms include:

— pain that is often described as dull and getting
worse over time. Can be localized at the site of the tu-
mor or radiate to other areas;

— swelling or formation at the site of the tumor. It
can be hard or soft and accompanied by increased local
sensitivity or hyperthermia;

— limited mobility if the tumor is located near
a joint or bone. This can cause stiffness, weakness, or
difficulty moving the affected limb or joint;

— deterioration of bone quality and increased risk
of pathological fractures, especially in the bones
of the lower limbs. The latter can be observed even at
the time of initial treatment (up to 27 %);

— neurological symptoms due to tumor compression
of adjacent nerves — such as numbness, tingling or
weakness in the affected area;

— fatigue or weakness, especially if the tumor has
spread to other parts of the body.

It is important to note that some CSs do not cause
any symptoms in the early stages and may be acci-
dentally detected during imaging studies. In the case
of advanced stages of CS with the presence of distant
metastasis, the clinical manifestations of the abnorma-
lity correspond to the symptoms of the affected organ.
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Table
International TNM classification of primary malignant
tumors, 6th edition according to [21]

Stage | Tumor (T) Limph Node (N) | Metastases (M) | Grade (G)

IA T1 NO MO Gl or G2
IB T2 NO MO Gl or G2
ITA Tl NO MO G3 or G4
1B T2 NO MO G3 or G4
111 T3 NO MO Any G

v Any T NO Ml Any G

Notes. Tumor (T): TX — primary tumor cannot be

assessed, TO — no evidence of primary tumor, T1 — tumor
8 cm or less in greatest dimension, T2 — tumor greater
than 8 cm in greatest dimension, T3 — tumor ruptures in
primary bone, skip metastases. Lymph node (N): NX —
regional lymph nodes cannot be evaluated, NO — no
regional lymph node metastasis, N1 — regional lymph
node metastasis. Distant metastases (M): MX —presence
of distant metastases cannot be assessed, MO — no distant
metastases, M1 — other distant metastases, Mla — lung
metastases, M1b — other distant metastases. Grade
of malignancy (G): Gl — highly differentiated, G2 —
moderately differentiated, G3 — poorly differentiated,
G4 — undifferentiated.

Most often, metastases affect nearby lymph nodes,
then the lungs, liver, and can even reach the brain.

Diagnosis

Diagnosis of CS involves a combination of data
from the patient's presentation, history, clinical symp-
toms, radiological imaging studies; biopsy with histo-
logical analysis.

Radiographic research methods — X-ray, CT and
MRI, positron emission CT (PET-CT) — make it pos-
sible to determine the location, size, and degree of a tu-
mor, to assess damage to adjacent tissues and organs, as
well as the presence of metastatic spread of the tumor.
Histological analysis of microspecimens after biopsy is
necessary to confirm the diagnosis of CS, determine its
subtype and degree of malignancy. In addition to these
diagnostic tests, clinical, biochemical and immunologi-
cal studies of the patient's biological fluids are carried
out, as well as, as indicated, molecular analysis to detect
specific genetic mutations or other molecular markers
that can significantly affect the choice of treatment tac-
tics. It is important to note that CS can be difficult to
diagnose, especially in the early stages or in cases where
the tumor is small and located in a hard-to-reach ana-
tomical area. A multidisciplinary group of experts in
bone and soft tissue tumors should be involved in the di-
agnosis and treatment of the disorder.

X-ray, CT and MRI are considered to be the stan-
dard radiological diagnosis of bone tumors. Since
X-rays usually do not distinguish between CS and other

types of bone tumors, a CT scan or MR1 is used to ana-
lyze the tumor in more detail. These research methods
can also be used for guided biopsy in the most dif-
ficult diagnostic cases. It should be noted separately
that PET-CT, in addition to cases of primary diagno-
sis of CS, can also be used to monitor the response
of the tumor to treatment in time course and to detect
any early relapse.

Radiographic images of common CS reveal a mixed
lytic and sclerotic pattern with characteristic small cal-
cifications, often called «popcorn» or «rings». In long
bones, primary CS most often involves the metaphysis
(49 %), followed by the diaphysis (36 %). Sclerotic are-
as are mineralization of the chondroid matrix, which
is observed in 60—78 % of cases. The presence of typi-
cal calcifications is a radiological feature of cartilagi-
nous neoplasms, but often does not allow distinguish-
ing benign, borderline or malignant types. The size
of the lesions (< 5 cm); the absence of a breakthrough
through the cortical bone layer, an infiltrative pattern,
and a lytic component indicate a benign or borderline
tumor. The location of the focus in the axial skeleton
and its size of more than 5 cm is a reliable predictor
of CS of low degree of malignancy [65]. Radiograph-
ic features, including cortical destruction, soft tissue
enlargement, and characteristic changes, the so-called
«moth-eaten patterny, are usually associated with ma-
lignancy. It is often observed for CS with a high degree
of malignancy.

Endosteal ridge is a sign of aggressiveness of intra-
medullary cartilaginous lesions, but it is not a complete
diagnosis of malignant process. Sensitive radiographic
features that distinguish enchondroma from CS in-
clude deep endosteal crestal (> 2/3 of the normal thick-
ness of the cortical layer) and longitudinal endosteal
(> 2/3 the length of the abnormal focus) lesion [3, 66].
CS often grows slowly and the periosteal layer reacts to
keep the tumor in the medullary cavity. This leads to
preservation of the edge of chondrosarcoma, which is
manifested by remodeling of the cortex, its thickening
and periosteal reaction [20]. Thus, enchondromas and
intramedullary poorly differentiated CS (borderline
tumors) of long bones often have similar X-ray fea-
tures. These lesions should be diagnosed by histologi-
cal examination after complete resection of the lesion,
whether by total tumor excision or intrafocal curettage.

MRI is the best way to diagnose a cartilage tumor
specifically for assessing the degree of bone marrow
damage and the presence of changes in soft tissues.
Tl-images after injection of gadolinium contrast show
pronounced «septal» or «ring-arc» enhancement is
typical of enchondromas and poorly differentiated CS,
corresponding to fibrous bands between fused carti-
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lage lobules on histological analysis. Heterogeneous
or homogeneous amplification of highly differentiated
forms of CS correlates with cellular areas under mi-
croscopic examination [67]. In addition, contrast-en-
hanced MR imaging can help differentiate between
enchondromas and CS [68].

Secondary peripheral CS have characteristic radio-
logical signs of malignant transformation and include
the growth of a previously unchanged osteochondro-
ma in a mature skeleton, an irregular or unclear sur-
face of the lesion, focal areas of osteolysis in its bone
component; erosion or destruction of the adjacent
bone, a significant increase in the volume of soft tis-
sues containing scattered or irregular calcifications
[69]. The thickness of the cartilaginous membrane
of the tumor in such cases can be estimated quite ac-
curately with the help of CT and MRI [70]. On MRI
scans, CS is characterized by low signal on TIWI and
markedly high signal on T2WI, showing peripheral
and septal enhancement with a partial growth pat-
tern. Mineralization of the matrix manifests itself in
the form of point or curvilinear foci with a low sig-
nal level [70, 71]. Some authors emphasize precisely
the qualitative assessment of the cartilaginous mem-
brane of the tumor. The unevenness of its surface may
indicate the invasive nature of tumor growth [58].

Secondary central CS is characterized by an ex-
tended endosteal comb lesion, remodeling of the cor-
tical layer, its destruction and periosteal reaction on
radiography, especially in comparison with previous
images of the main enchondroma [72, 73]. On CT
scans, characteristic features of a malignant neoplasm
are lytic areas, endosteal festoon on 2/3 of the cortex
and more, or spread to soft tissues [72]. Criteria for
malignant transformation of enchondroma on MRI
images: destruction of the cortical layer, spontaneous
pathological fracture, periosteal reaction, peritu-
mor edema and soft tissue neoplasms [72]. However,
the conversion of a solitary enchondroma to CS re-
mains controversial, mainly because of the need for
radiographic evidence of an enchondroma to demon-
strate its transformation to CS over several decades
of follow-up. However, the signs of ordinary CS (end-
osteal festoon, thickening of the affected bone, cortical
thickening and amorphous calcification) in combina-
tion with the features of typical benign enchondromas
(clear ring-shaped calcifications) justify the diagnosis
of secondary central CS [9].

Radiologically, periosteal CS has the appearance
of a soft tissue component of round or oval shape on
the surface of the bone, which raises the periosteum
above the tumor in the form of a fibrous pseudocap-
sule. The cortical layer of the bone remains almost un-

changed, may be thickened or thinned, but complete
destruction of the cortex is not often observed. Cod-
man's triangle can be seen at the place where the peri-
osteum is raised. Typical mineralization of the chon-
droid matrix is usually present, and metaplastic
ossification is often determined to varying degrees
[3, 20]. The medullary canal is mostly not involved,
although its expansion is sometimes detected on MRI
[74, 75]. Periosteal chondroma and periosteal osteo-
sarcoma are the most difficult tumors to differentiate
from periosteal CS. The size of the tumor is the only
distinguishing feature between the first (average size
2.5 cm) and the second CS (4 cm) [74, 76, 77]. Perioste-
al osteosarcomas and CS contain cartilage, but osteoid
formation is not detected in CS during histological exa-
mination [75, 76].

In the clear-cell form of CS, X-rays show mainly
a lytic epiphyseal lesion with clear sclerotic edges,
which simulate a benign lesion. In cases of clear-cell
CS, mineralization of the matrix is observed in ap-
proximately 30 % of cases [46, 78]. Moderate bony
expansion may be evident, but soft tissue thickening
occurs in less than 10 % of cases [22, 51]. Because
of the epiphyseal location, clear-cell CS is difficult
to distinguish from chondroblastoma [22]. On MRI,
clear-cell CS is heterogeneous due to areas of hemor-
rhage or cystic changes. Peritumor edema is uncom-
mon and always mild, unlike chondroblastoma [46].

Radiological pattern of mesenchymal CS is ag-
gressive bone destruction with a «moth-eaten» pattern
and a vaguely expressed periosteal reaction [77, 79].
The tumor is often very large, with significant extraos-
seous components [3]. CT scans show mineralization
of the chondroid, which may make the lesion appear
overly calcified, but more commonly, calcification with
a «fine point» [80]. On MRI images, mesenchymal CS
has a different pattern of contrast enhancement than
normal CS; diffuse and typical chondroid septal and
peripheral enhancements are often absent. In some
zones, in contrast to other CS, serpentine vessels with
a low signal are observed. An aggressive bone lesion
with thin mineralization of the cartilage matrix, an in-
termediate signal on T2WI (lower than in ordinary CS)
and sharp enhancement than in other types of CS are
defined [3].

Dedifferentiated CS has a wide range of radiologi-
cal signs, but their characteristic features are poly-
morphism of the tumor, including aggressive bone
destruction with extraosseous spread into soft tissues,
associated with the main damage to the cartilage [54].
On the basis of radiological manifestations, this type
of tumor can be classified into three types: 1 — radiologi-
cal signs are the same as in central CS, with the addition
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of a suspected area with dedifferentiation; 2 — the tu-
mor resembles a normal benign enchondroma, but with
destructive changes and/or a large soft tissue compo-
nent; 3 — significant destructive lesions of bone tissue
without signs of a cartilaginous component [81]. CT
and MRI can reveal two areas with different internal
characteristics [3]. This bimorphic pattern is valuable
for targeting high-grade malignancy during CT- or
MRI-guided puncture biopsy [82].

Interesting and useful for practical use is the Bir-
mingham protocol for imaging CS, created for tumors
of cartilage tissue that were localized in the proximal
part of the humerus and in the area around the knee
joint. The categories of this protocol are: (A) — car-
tilage lesion less than 4 cm, focal/generalized endos-
teal lesion — 10 % or less, or 36° of lesion circumfe-
rence on axial image with largest area of destruction;
(B) — destruction of cartilage over 4 cm; (C) — carti-
lage lesions of any size with aggressive features (bone
growth and/or cortical thickening, periostitis, cortical
destruction and soft tissue neoplasms) [83].

Genetic testing may also play a role in the diag-
nosis of CS, although it is not used as a stand-alone
test. There are several genetic abnormalities associated
with CS. The most famous of them are mutations in
the isocitrate dehydrogenase (IDH) genes, in particular
IDHI and IDH2. These mutations are found in the ma-
jority of CS, mainly in central or secondary malignant
variants. To test for IDH mutations, a sample of tumor
tissue is analyzed using molecular techniques such as
DNA sequestration. This helps identify specific muta-
tions in the IDH genes, which can help confirm the di-
agnosis of CS as well as provide important prognostic
information. It is worth noting that IDH mutations are
not present in all cases of CS, and their detection alone
is not sufficient for a definitive diagnosis. Other gene-
tic and molecular alterations can also be found in CS
and current research is aimed at identifying additional
markers useful for diagnosis, prognosis and targeted
therapy [84].

Differential diagnosis

More than 90 % of conventional CS are tumors
of low and intermediate grade of malignancy and
should be distinguished from enchondromas. The most
likely diagnostic procedure in this situation is a biop-
sy. It is very important to take biopsy material from
the cortical and medullary parts of the bones in the af-
fected area. Some studies show that the presence
of a myxoid matrix of 20 % or more strongly suggests
CS. Significant myxoid change is an ominous sign
of cartilage involvement, and in such cases, other his-
tological features suggestive of CS should be sought.
If areas with a clear neoplastic osteoid are found in

the specimens, the lesion should be considered an os-
teosarcoma with chondroblastic differentiation [85, 86].

The differential diagnosis between enchondroma
and CS is crucial, since CS requires surgical treatment
and close follow-up with X-rays, CT, MRI, while most
enchondromas do not require either treatment or fol-
low-up [87]. Enchondroma can be distinguished from
CS by the following signs: cortical destruction, ex-
traosseous increase in soft tissue, periosteal reaction,
size 5 cm or more, endosteal festoon (more than 2/3
of the thickness of the cortical layer) [88, 89]. In the ab-
sence of specific diagnostic criteria for the histopatho-
logical differentiation between these two diseases,
the final diagnosis is established on the basis of con-
sensus between radiological, pathological and clinical
findings [66]. Some MRI features have been identified
that help differentiate CS from enchondroma: the pre-
sence of a predominantly intermediate signal matrix
on TIWI, a multilobular pattern of enhancement on
enhanced T1WI, cortical destruction, reaction of adja-
cent soft tissues, lesions of the epiphyseal or flat bone
[90, 91

It is sometimes difficult to distinguish CS from other
types of bone tumors, such as osteosarcoma or Ew-
ing's sarcoma. To establish a final diagnosis, additional
testing may be required—immunohistochemistry or
genetic analysis. There are several tumors that can be
similar to CS histologically:

— chondroblastoma is a benign tumor that deve-
lops in cartilage cells and may histologically resemble
low-grade CS. However, chondroblastoma occurs in
younger patients and has a more favorable prognosis;

— osteosarcoma is a malignant tumor that develops
from bone cells and may contain areas of cartilage for-
mation that are characteristic of CS. But it usually has
a more aggressive clinical course and early metastasis;

— giant cell tumor of the bone is mostly benign,
may also contain cartilage tissue and is histologically
similar to CS of a low degree of malignancy. However,
giant cell tumor occurs in younger patients and has
different patterns of growth and behavior;

— dedifferentiated liposarcoma is a malignant tumor
in which the inclusion of cartilaginous cells is some-
times detected on histological specimens, so it can be
mistaken for dedifferentiated CS. However, dediffe-
rentiated liposarcoma usually occurs in soft tissues and
has completely different distribution characteristics;

— synovial sarcoma is an aggressive malignant tu-
mor that sometimes has a similar pathomorphological
pattern to mesenchymal CS. But its clinical course is
completely different, occurring purely in soft tissues
and has progressive growth, distant metastases in
a short period of time.
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It is important to distinguish CS from other tumors,
as the treatment and prognosis of the disease can differ
significantly. This requires careful analysis of presen-
tation, identification of specific histological features,
use of diagnostic imaging methods, as well as addi-
tional diagnostic tests, such as genetic and molecular
analyses.

Biopsy

To confirm the diagnosis, establish the type of CS
and determine its histological degree of malignancy,
it is necessary to perform a biopsy of the pathologi-
cal focus. This surgical manipulation stands alone in
the entire complex of diagnosis, because it is practi-
cally the most important part of the diagnostic pro-
tocol, and in case of suspected tumor malignancy, it
is a mandatory procedure. There are several different
types of biopsies that can be used to diagnose CS:

— «Needle biopsy»: to obtain a small sample of tis-
sue from the tumor, mostly for its soft tissue compo-
nents. It can be performed even under local anesthesia
and, if necessary, additionally use ultrasound or CT
navigation for the most accurate targeting of the patho-
logical focus;

— «Core biopsy» with a special bone needle: it
involves the use of the latter with a larger diameter
and strength, which allows obtaining a larger amount
of material with different sections of the tumor with
bone tissue. CT and MRI control is a desirable accom-
paniment for performing this diagnostic procedure;

— «Open biopsy» is performed through a small inci-
sion in the skin in the area where the tumor is located,
which allows removal of a small sample of tissue under
visual control. It is performed under general anesthesia
and is used for neoplasms that are significant in size or
in complex anatomical areas;

— «Excision biopsy» (resection), when the diagno-
sis and treatment plan involves the removal of the en-
tire tumor along with a reserve of healthy tissue. It is
performed for small or easily accessible tumors, when
the histological diagnosis does not involve preopera-
tive specific treatment.

The type of biopsy method chosen depends on se-
veral factors, including each specific clinical situation,
the size and location of the tumor, general somatic
health of the patient, and the preference of the surgeon.

Performing this important diagnostic manipulation
requires strict adherence to the basic principles of bi-
opsy of tumors of the musculoskeletal system, namely:

— minimal contamination of healthy tissues;

— a biopsy under the control of imaging methods
(X-ray, CT, MRI or ultrasound) is clearly a better alter-
native to an open biopsy;

— open biopsy should be used only in exception-
al situations, when mini-invasive manipulations are
impossible. It is performed only with the help of lon-
gitudinal cuts, clearly marked with a marker the day
before;

— in cases of damage to the spinal cord, laminecto-
my is performed to decompress the spinal cord;

— the material should be taken from representative
areas of the tumor in sufficient volume;

— the amount of research material should be suffi-
cient, with additional written information about tumor
localization, patient age and radiological images;

- all samples of pathological tissues should be sent
for microbiological examination for the purpose of dif-
ferential diagnosis with any inflammatory process;

- interpretation of histological specimens should be
performed in collaboration with an experienced pa-
thologist with a clinician and a radiologist in reference
laboratories specializing in skeletal sarcomas. The pa-
thologist who analyzes the material must have suffi-
cient experience in the field of diagnosing bone tumors
and have the appropriate material and technical base;

— in case of discrepancy between the clinical and
radiological diagnosis and the morphological conclu-
sion, an additional examination of the histological ma-
terial or even a repeated biopsy is necessary;

— it is mandatory to recommend the storage of fresh
frozen tissues and tumor samples, since the molecular
analysis of the abnormality can be performed later;

— the degree of malignancy must be indicated in
the histological report;

— a histological diagnosis made outside the refe-
rence centers requires confirmation.

Diagnostic algorithm for CS is often associated
with giving the answer to the following question: bi-
opsy or further dynamic monitoring of the neoplasm?
The widespread use of MRI, which is now available
in most medical facilities, has led to an increase in
the incidental identification of cartilage lesions in long
bones. Most of these lesions are not amenable to biop-
sy and usually do not require histological confirma-
tion of the diagnosis [83]. This may result in overly
aggressive treatment of an enchondroma diagnosed ra-
diographically as CS. Or, on the contrary, insufficient
treatment, if CS is radiographically diagnosed as an
enchondroma and the patient is mistakenly discharged
without follow-up [92]. However, there is no gene-
ral consensus on the treatment of these lesions. Some
centers recommend curettage, others — observation
using radiographic imaging methods [93, 94]. Some
suggest protocols for radiological observation instead
of biopsy, especially for lesions without signs of lo-
cal aggressiveness (cortical destruction and increase in
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the volume of soft tissues), which makes it possible to
reduce morbidity and reduce diagnostic costs [92-95].
In recent years, active monitoring of neoplasms has
been recommended to avoid unnecessary operations
[95, 96].

Pathomorphology

After obtaining the appropriate biopsy materi-
al, pathomorphological verification of the neoplasm
is carried out. Histologically, CS is characterized by
the presence of atypical malignant cartilage cells in
the hyaline cartilage matrix, with varying degrees
of pleomorphism and mitotic activity depending on
the degree of tumor differentiation. The hyaline mat-
rix is a dense, fibrous material that gives the tumor its
characteristic appearance. The cells are large, round
or oval, with a centrally located nucleus and transpa-
rent cytoplasm. Nuclei are hyperchromatic and show
pleomorphism, that is, they change in size, shape, and
staining features. Mitotic figures may be found, but are
mostly rare. The histological degree of differentiation
is the most important factor for determining the prog-
nosis and tactics of treatment of CS.

Based on the histological picture, CS is divided into
three classes, degrees of differentiation of tumor cells:
I (low level) — well classified and resemble normal
cartilage; II (intermediate class) — moderately dif-
ferentiated and have signs of certain atypia; III (high
grade) — poorly classified and showing obvious signs
of malignant atypia.

The given histological grading is based on the size
of the nucleus, hyperchromasia, cellularity and mito-
ses. Nuclear size is assessed regardless of whether these
cells are small and darkly stained, medium-sized with
visible intranuclear detail, or large and pleomorphic.
The background is considered chondroid if the presence
of lacunae is observed; myxoid — if the cells are sepa-
rated by a basophilic intercellular substance without
clear lacunae.

Grade 1 (low) lesions are small cells with hyper-
chromatic round nuclei the size of a mature lympho-
cyte. There are no mitotic figures or nuclear atypia;
the cells retain a lacunar pattern. There is no myx-
oid background, but there may be some degenerative
changes. Binucleate cells are rare. High cell density,
the presence of a significant number of nuclei of mo-
derate or larger size, and mitotic figures are not signs
of low-grade CS. If they are present, this indicates
a high degree of differentiation of CS [97]. Tumors
of the 2" degree (intermediate) are more significant
cellular lesions, characterized by cells with an in-
creased size of the nucleus; mitotic activity is almost
not detected. The lacunar pattern is also preserved,
there are no myxoid changes. When a myxoid stroma

appears, it indicates that the tumor may become ag-
gressive or frankly malignant. Grade 3 (high) tumors
are characterized by 2 or more mitoses per ten fields
of view in most cellular zones. Here, there is usually
a myxoid background associated with spindle-shaped
or pleomorphic cells, and the lacunar pattern is most-
ly lost. Foci of necrosis are mostly visible. A myx-
oid change may be associated with the malignancy
of a cartilage tumor or be a sign of a degenerative pro-
cess. The characteristic features of these changes asso-
ciated with the malignancy of the process are the ap-
pearance of a histological picture without a lacunar
pattern with atypical spindle-shaped or stellate cells
located in the myxoid stroma [3, 97].

Some characteristic pathomorphohistological fea-
tures of the main types of CS are presented. Periosteal
abnormality is histologically similar to traditional CS,
consisting of hard nodules of hyaline cartilage with
a variable amount of myxoid stroma without osteoid.
Nuclear anaplasia is usually not detected. Tumor nodu-
les can penetrate into the surrounding soft tissues, but
not into the cancellous bone. Almost all periosteal CS
correspond to tumors of the 1% or 2™ degree of activity
[98, 99].

The main structural features of secondary CS are
the loss of cartilage architecture, fibrous bands bet-
ween cartilage lobes, increased nuclear atypia, mitosis
or myxoid changes, indicating malignant transforma-
tion of the neoplasm.

Dedifferentiated CS is a separate variant of carti-
laginous tumors, containing either well-differentiated
chondroid cells or characteristic signs of CS of low de-
gree of malignancy, with a sharp transition to a focus
with non-cartilaginous sarcoma of high degree of ma-
lignancy. There are at least three hypotheses that ex-
plain the origin of the dedifferentiated type of CS: 1 —
the non-cartilaginous component of a tumor of a high
degree of malignancy arises in a long-existing cartila-
ginous tumor of a low degree of malignancy (for a re-
current tumor); 2 — the non-cartilaginous component
occurs simultaneously with CS with the ability to dif-
ferentiate; 3 — non-cartilaginous sarcoma is a malig-
nant transformation of adjacent inflamed but normal
tissue [100].

Histologically pathognomonic for mesenchymal CS
is a bimorphic pattern with areas of undifferentiated
small or spindle-shaped cells and islands of hyaline
cartilage. The number of chondrocytes is highly vari-
able. The transition from cellular areas to areas with
hyaline cartilage is usually abrupt, but may be gradual.

Undifferentiated cells with oval nuclei often tend
to be arranged in a vague alveolar pattern or solid
sheets, reminiscent of Ewing's sarcoma. In most cases,
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a hemangiopericytomatous vascular pattern is ob-
served. Osteoclastic giant cells can be seen adjacent to
cartilage islands [44].

Clear-cell CS consists of clear cells that have
round, large, centrally located nuclei with clear cyto-
plasm and distinct cytoplasmic membranes. The clear
cell components of this type of CS are accompanied
by «ordinary» foci of CS in less than 50 % of cas-
es. Areas of osteogenesis, osteoclast-like giant cells,
and areas resembling an aneurysmal bone cyst or giant
cell tumor may be detected. Mitotic figures hardly oc-
cur [101]. Clear-cell CS should be differentiated from
other bone tumors that may have focal or diffuse clear
cell changes, such as osteosarcomas, chondroblasto-
mas, chordomas, adamantines, and Ewing's sarcoma,
metastatic clear cell carcinoma of the kidney [102].

At the current level of laboratory diagnosis, immu-
nohistochemical studies play a certain role in the di-
agnosis and classification of CS. Immunohistochemis-
try involves the use of antibodies that bind to specific
proteins in the tumor tissue, which can help identify
the type of cells and determine how aggressive the tu-
mor is. Here are some of the markers that are usual-
ly used in immunohistochemical studies and help in
the diagnosis of CS:

— protein S100 — a marker of chondrocytes;

—type II collagen - a marker of hyaline cartilage;

— Ki-67 — a marker of cell proliferation (the degree
of malignancy of CS);

— P53 — a tumor suppressor gene that is often muta-
ted in CS (it is used to detect tumors with a higher risk
of progression);

— CD99 — positive in Ewing's sarcoma (used for dif-
ferentiation from mesenchymal CS).

In general, immunohistochemical studies can be
a useful tool in the diagnosis and classification of CS,
especially in cases where the histological features are
ambiguous or the tumor is atypical. However, immu-
nohistochemistry should be used in conjunction with
other diagnostic tests, such as radiographic imaging
of the tumor and molecular analysis, to help establish
a more accurate diagnosis.

Treatment

Treatment of CS, for the most part, involves sur-
gical removal followed by radiation or chemotherapy
in some cases. The prognosis of complex treatment
of CS varies depending on the localization and degree
of gradation of the neoplasm, the patient's age and
the presence of comorbidities. In recent years, certain
advances have been made in understanding the mole-
cular mechanisms that underlie the development of CS,
which may lead to the creation of more targeted and
effective treatment methods. In addition, research into

the use of immunotherapy and other new approaches
to the treatment of CS is ongoing.

The most common surgical interventions in the case
of CS are divided into intrafocal (removal of the tumor
by curettage), marginal (removal of the tumor within
the limits of adjacent healthy tissues while preserv-
ing adjacent anatomical structures), total (along with
wide excision of healthy tissue, including areas of bone
involved in the pathological process and joint) resec-
tion; in some cases — amputations or even exarticu-
lation of the limb. The main goal of surgical treatment
of CS is its ablative removal within healthy tissues
to minimize the risk of local recurrence. The choice
of the method of surgical intervention depends on
a number of factors: size and localization of CS, age
and general condition of the patient, classification fea-
tures of CS. A multidisciplinary team of specialists
(onco-orthopedics, plastic, general and vascular sur-
geons, medical and radiation oncologists, pathomor-
phologists, radiologists, anesthesiologists) develops
a personalized operation plan for each patient with CS.

Radiation therapy is used together with surgery
to prevent or reduce the risk of local recurrence; as
the primary main treatment of CS in cases where
the intervention is technically impossible or the patient
has contraindications to it; as the primary treatment
of CS with a low degree of differentiation, within one
bone segment; as an adjuvant treatment after surgery
(for CS of intermediate and high grades of differen-
tiation, poorly differentiated CS that violated the in-
tegrity of the periosteum or is located near the joint).
One of the indications for radiation therapy is palliative
treatment to relieve pain and other symptoms associat-
ed with inoperable CS. It stands to mention that chon-
drogenic tumors are considered radioresistant because
radiation-induced cytotoxicity requires active cell di-
vision. Instead, chondrogenic tumors are characterized
by slow growth and a relatively low rate of cell divi-
sion. However, radiation therapy potentially improves
local control after partial resection of conventional,
dedifferentiated, or mesenchymal SC. Final radiation
may also be prescribed for palliative purposes [103].

Chemotherapy is usually ineffective in treating CS,
but in some cases it can be used to shrink the tumor
before surgery or to treat metastatic disease. Of course,
a chondroid tumor is resistant to chemotherapy be-
cause it usually grows slowly and the abnormal cells
do not divide quickly. However, a systematic review
of 31 studies showed that adjuvant chemotherapy com-
bined with surgical resection significantly improved
the recurrence-free survival of patients in dedifferen-
tiated CS compared with surgery without chemothera-
py [104]. But in a non-randomized clinical cohort,
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anthracycline-based combination chemotherapy
showed rather low efficacy against mesenchymal CS
[105]. Thus, chemotherapy is not an effective method
of treating CS, but it can be used depending on the type
of CS in a complex of therapeutic measures to improve
the overall results of treatment.

Immunotherapy is a type of cancer treatment that
involves stimulating the patient's immune system to
recognize and attack cancer cells. Currently, it is a pro-
gressive and promising method of treatment for some
types of cancer, but there is no approved immunothera-
py protocol for CS. It is known that chondrocytes are
not targeted by the body's immune system, which
greatly complicates the development of immunothera-
py methods for CS. However, studies have been pub-
lished that demonstrate some potential of immunothe-
rapy for the treatment of CS. One approach is focused
on specific molecular markers on the surface of CS
cells; the other is on stimulating the immune system to
have a destructive effect on pathological CS cells. Al-
though immunotherapies for CS are in the early stages
of development, they hold promise for future improve-
ments in CS treatment. Long-term clinical trials are
currently underway to evaluate the safety and efficacy
of immunotherapy for CS.

Survival and prognosis

Compared to other types of bone and soft tissue sar-
comas, the survival prognosis for CS is relatively good:
l-year overall survival is approximately 90 %, S5-year
survival is 80 %, and 10-year survival is 70 %. Howe-
ver, the indicator decreases with increasing degree
of malignancy of the tumor. CSs with a high degree
of malignancy have a worse prognosis — the 5-year
survival rate is approximately 50 % [15, 25, 27]. As
a result of conducting significant population studies,
it was established that for tumors of a low degree
of malignancy, the 5-year survival rate is approxi-
mately 80—90 %, intermediate class — 60—80 %, high
degree of malignancy — 20—40 %, with a frequency
of local recurrences and distant metastases 14-20 %
[53, 54, 106].

The overall prognosis and survival time are also
affected by tumor location. In particular, CS located
in the extremities have a better prognosis than those
arising in the axial skeleton (spine, pelvic bones, ribs)
due to a higher risk of local and distant recurrences
and metastasis.

Although some histological and clinical parame-
ters, such as tumor necrosis, mitotic rate, type of sur-
gery and tumor location, directly affect the prognosis
of the disease, the most important predictor of local
recurrence and/or metastasis is the histological grade
of the tumor. 5-year survival for patients with 1 histo-

logical grade of CS malignancy was shown to be 89 %,
for the combined group with 2 and 3 grade — 57 %.
Only high malignancy grades 2 and 3 were signifi-
cantly associated with the probability of metastasis
[54, 106].

The presence of metastases already at the time
of diagnosis is an additional poor prognostic factor for
the long-term survival of patients, which is reflected
in a sharp decrease in the relative 5-year survival rate
from 75.2 to 28.4 %. This marked decrease in survi-
val indicates a more aggressive phenotype or an active
spread of the disease against the background of me-
tastasis, which may affect the course of CS as a whole
[25, 27].

The prognosis for patients with periosteal type
of CS is more favorable than in intramedullary type,
with an overall 5-year metastasis-free survival rate
of approximately 83 %. Also, 5-year metastasis-free
survival is lower for patients with a grade 2 tumor
(50 %) than with a grade 1 tumor (94 %). Metasta-
ses are exceptional and occur very late. Sarcoma de-
differentiation is a relatively rare aberration, but it has
been shown to be associated with a poor prognosis
[107, 108].

Secondary CS, as a type of malignant transforma-
tion of osteochondroma, is usually treated surgically.
Because most of these lesions are poorly differentiated,
the overall prognosis is good with long-term survival
in 70-90 % of patients. The frequency of local recur-
rences varies depending on the adequacy and quality
of the performed tumor resection from 0—15 % in cas-
es with wide «en bloc» resection to 57-78 % in cases
with marginal or intrafocal resection [107, 109]. Malig-
nant transformation of enchondromatosis is greater in
the case of Maffucci syndrome than in Ollier's disease,
accordingly, the prognosis is much worse.

Since the dedifferentiated component signifi-
cantly affects and almost determines the prognosis
of the course of dedifferentiated CS, its detection is
essential. Despite comprehensive, aggressive treat-
ment of this type of CS, the overall survival rate is
less than 10 % at five years. Even when local control
with appropriate surgery is achieved, distant metasta-
sis remains the greatest clinical problem, developing in
90 % of patients [110].

The survival prognosis for mesenchymal CS is poor
in advance. However, in the case of adequate treatment,
the clinical course of the disease can be prolonged.
Since local recurrences or metastases sometimes oc-
cur even more than 20 years after the start of treat-
ment, long-term follow-up and continuous monitoring
of the patient is important. According to statistics, in
the observation group from the Mayo Clinic (USA),
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the 5-year survival rate was 54.6 %, and the 10-year
survival rate was 27.3 %. The most common site
of metastasis in this abnormality is the lungs [44].

Clear-cell CD has a low degree of malignancy and
is usually successfully treated by radical resection
of the tumor en bloc. But in about 25 % of patients, lo-
cal relapses or metastases to other organs and systems
occur in the period up to five years after the operation.
Mortality associated with this type of CS is uncom-
mon, especially when the neoplasm is ablastic and si-
multaneously completely removed [110].

Surgery is the mainstay of treatment for CS, and
therefore radical surgical removal of the tumor «en
blocy is associated with a better prognosis. But the de-
velopment of postoperative complications, such as in-
fection or problems with wound healing, can signifi-
cantly affect the final result of treatment. Radiotherapy
and chemotherapy are used in addition to surgery, es-
pecially for tumors with a high degree of malignan-
cy or recurrences, which in the complex can improve
the effectiveness of treatment.

It is important to note that the survival rate of pa-
tients with sarcomas is a statistical average and does
not predict the outcome of an individual patient.
The prognosis for CS is best determined by a multi-
disciplinary team of specialists who can develop a per-
sonalized treatment plan based on the data for each
specific patient. With timely diagnosis and appropriate
treatment, many patients with CS can achieve long-
term survival and maintain a good quality of life.

In general, survival after treatment of CS depends
on many factors, and each case should be evaluated in-
dividually by a team of experts in bone and soft tissue
tumors.

Conclusions

CS is the third most common primary bone tumor
after multiple myeloma and osteosarcoma, accounting
for about 25 % of all bone sarcomas.

The overall incidence of CS is estimated at approxi-
mately 0.1-0.5 primary cases per 100,000 population
per year. CS mostly affects adults, with peak incidence
from 50 to 70 years of age. CS in children and adoles-
cents is a rare abnormality, accounting for less than
5% of all cases of CS, but the principles of treatment
are similar to the principles of therapy in adults. CSs
are localized in any bones that contain cartilage, but
most often occur in the bones of the pelvis, femur and
shoulder, ribs.

Although most SCs have a low metastatic poten-
tial, some are quite aggressive, with a poor progno-
sis. Diagnosis of CS is based on a complex algorithm
of step-by-step measures, which makes it possible to

establish a final diagnosis and classify CS according to
its type, histological degree of gradation of malignancy
and activity, localization, surgical approaches to treat-
ment, etc. The treatment protocol for CS is determined
on the basis of the results of history indicators, X-ray
imaging, histopathological picture based on the results
of a biopsy with further classification of CS and the fi-
nal determination of its type.

Most studies and scientific publications indicate
relatively high 5- and 10-year survival rates for pa-
tients with CS compared to other sarcomas, but during
the last two to three decades, minimal progress has
been made in improving the effectiveness of the treat-
ment of this disorder. Given this trend, the absence
of a reliable improvement in survival rates in the case
of CS confirms the continued reliance on traditional
treatment algorithms. Thus, the effectiveness of exist-
ing treatment protocols for CS has reached a certain
plateau today, with no improvement in the survival rate
of patients with CS over the past 30 years.

Surgical removal of the neoplasm remains the «gold
standard» of treatment, given the limited response
of CS to radiation and chemotherapy. In the pre-
sence of distant metastases for CS, surgery also re-
mains the most recognized method of treatment, but
well-founded studies have proven the possible benefit
of radiation and chemotherapy for metastatic CS. Ho-
wever, further research in this direction is necessary.

The achievements of recent years in the treatment
of CS allow us to optimistically evaluate the progress
in this direction of onco-orthopedics. In particular,
potential targets for targeted therapy of CS have been
identified, even with a high degree of its resistance to
conventional chemotherapy. Immunotherapy is also
seen as promising. The combined use of immune
checkpoint inhibitors and radiation therapy has been
shown to be effective in the treatment of the metasta-
tic form of dedifferentiated CS. Advances in molecu-
lar testing have made it possible to more accurately
diagnose and classify CS. For example, some CSs have
mutations in the IDHI or IDH2 genes, which can be af-
fected by specific inhibitors. The use of advanced sur-
gical techniques (computer navigation and 3D printing)
led to an increase in the accuracy and safety of surgical
resection of CS, and the latest radiation therapy tech-
niques (intensity modulation and proton therapy) in-
creased the accuracy and efficiency of this type of CS
treatment.

Overall, the new knowledge gained opens up addi-
tional opportunities for the treatment of CS, and ongo-
ing research should be focused on further improving
the prognosis for patient survival. Modern scientific
developments are necessary for a better understanding
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of the causes of CS and the creation of more effective
methods of early diagnosis and treatment of this com-
plex oncopathology.
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