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Abstract: Osteosarcoma (OS) is a primary malignant bone tumour that usually occurs in children and
adolescents. OS is a highly aggressive tumour type with a propensity for local invasion and systemic
early metastasis to the lungs or other bones. According to the World Health Organization, there
are different subtypes of OS, including conventional OS (osteoblastic, chondroblastic, fibroblastic),
telangiectatic OS, low-grade OS, small-cell OS, parosteal OS, periosteal OS, and high-grade surface
OS. In this mini review, we will discuss the background of OS and histopathological patterns and
clinical behaviour of the disease. Understanding the subtypes of OS and their pathogenesis is crucial
for developing more precise and effective therapies for OS patients.
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1. Introduction to Sarcoma

The term “sarcoma” refers to a tumour of connective tissue which derives from the
Greek language—sarkos (flesh) and sarkōma (fleshy excrescence) [1]. Sarcomas are rare
malignant solid tumours that mesenchymal cells derived cancer of the bones (osteosarcoma
(OS), chondrosarcoma, and Ewing sarcoma) and soft tissues (muscle, fat, blood vessels,
peripheral nerves and fibrous connective tissue), which represents approximately 1% of all
adults and 15% of paediatric malignancies [2–4]. The World Health Organisation (WHO)
defined and divided sarcoma tumours into more than 100 subtypes, depending on their
distinct morphology and genetic alternations [5]. Consequently, the diagnosis of sarcoma
can be challenging for pathologists.

Sarcomas may present aslocal tumours and are treated with excisional surgery and
radiation. However, recent findings highlighted that 50% of sarcoma cases metastasise
within the first years, depending on the tumour’s site, grade and subtype [6]. In addition,
the 5-year relative survival rate for sarcoma patients with distant metastasis is less than
20% [7]. Several subtypes of sarcoma have specific systemic therapies to reduce tumour
sizes such as tyrosine kinase inhibitor and imatinib for gastrointestinal sarcomas (gas-
trointestinal stromal tumour) [8] and alone or a cocktail of cytotoxic chemotherapy drugs
(methotrexate, ifosfamide, doxorubicin, and cisplatin) for rhabdomyosarcoma, Ewing
sarcoma, and OS [9,10].

2. Osteosarcoma

OS, also known as osteogenic sarcoma, is the most common primary malignant solid
tumour of a bone among children and adolescents. There is a second, minor peak in older
people due to Paget’s disease [11]. It is characterised by the formation of immature bone or
osteoid tissue by tumour cells and malignant osteoblasts [12]. OS is a locally aggressive
tumour and frequently produces early systemic metastases to the lungs, leading to a 5-year
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overall survival rate of 70%. OS usually occurs near the metaphysis of the long bones such
as a distal femur, proximal tibia and proximal humerus, and less common sites include the
skull, jaw, and pelvis [12,13].

OS can be classified into various subtypes based on tumour location, histology, and
genetic characteristics. According to the WHO, the histological classification of OS can
be divided into two categories, central (medullary) and surface (peripheral) tumours,
with several subtypes within each group [14]. The central (medullary) OS subtypes are
conventional, telangiectatic, low-grade, and small-cell, whereas the surface (peripheral) OS
subtypes are parosteal, periosteal, and high-grade surface (Figure 1).

2.1. Central (Medullary) Osteosarcoma
2.1.1. Conventional Central Osteosarcoma (COS)

COS can be divided into three groups including osteoblastic, chondroblastic, and
fibroblastic. It is the most common pathological subtype of OS, which represents 80% of
all the cases. It is characterised by a high-grade malignant bone-forming mesenchymal
neoplasm producing osteoid, high necrosis, and atypical mitosis [15,16], although, for
diagnosis, evidence of bone or osteoid production by the tumour cells within the tumour is
required. The radiographic appearance of COS is usually an osteolytic lesion with cortical
destruction, and the tumour extends into surrounding soft tissues [14]. In some cases,
Codman’s triangle is observed on an X-ray. The presence of Codman’s triangle is often
indicative of an aggressive bone lesion or tumour that is eroding the bone and pushing
against the periosteum, resulting in bone lifting with a characteristic triangular shape [17].

2.1.2. Telangiectatic Osteosarcoma (TOS)

TOS accounts for <4% of all OS cases. It has radiographic and histological features
similar to an aneurysmal bone cyst (ABC) or giant cell tumour [14]. The main character-
istics of the tumour are an aggressive asymmetric expansion, ossification, and osteolytic
lesion with permeative destruction [18]. Histologically, TOS usually has multiple cystic
cavities containing blood, with septa composed of an osteoclast-like multinucleate giant
and anaplastic cancer cells [18].

2.1.3. Low-Grade Osteosarcoma (LGOS, Intraosseous, Well-Differentiated)

LGOS is a rare intramedullary bone-producing tumour that accounts for 1–2% of all
OS [19]. It is characterized by a low-grade malignant appearance, with slow growth and
a relatively good prognosis compared to other types of OS [20]. LGOS generally affects
older individuals in the third or fourth decade of life [14]. Radiologically, the appearance
of LGOS is often confused with that of fibrous dysplasia, which often results in a delayed
diagnosis or misdiagnosis [19]. The histological features of LGOS have included irregularly
shaped bony spicules surrounded by hypocellular spindle cell stroma [21].

2.1.4. Small-Cell Osteosarcoma (SCOS)

SCOS is a rare subtype of OS which consists of sheets of round cells that produce an
osteoid matrix. The tumour diagnosis may be confusing with Ewing sarcoma if the osteoid
matrix is not included in the biopsy [22]. SCOS and Ewing sarcoma share extreme simi-
larities, such as in both cases, the cells are round hypo-chromatic nuclei with little nuclear
polymorphism [14]. Generally, radiological images show lytic lesions and sclerosis [14].
SCOS is a highly aggressive malignancy that primarily affects young adults. The prognosis
for the disease is generally poor, with a reported 5-year survival rate of approximately
30% [23]. The high rate of metastasis and poor responses to chemotherapy contribute to
the poor prognosis [23,24].
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Figure 1. Hematoxylin and eosin staining of osteosarcoma subtypes. Conventional central fibroblastic
OS (A) shows predominant spindle cells and low osteoid/bone within the tumour. Conventional
central chondroblastic OS (B) shows the predominantly chondroid matrix within the tumour. Con-
ventional central osteoblastic OS (C) highlights the bony/osteoid matrix production in the tumour.
Telangiectatic OS (D) highlights the dramatic amount of osteoid production and blood-filled spaces
that are separated by septa containing highly malignant cells. Low-grade OS (E) shows the irregularly
shaped bony specular and hypocellular spindle cell stroma. Small-cell OS (F) highlights the sheets
of round cells that produce an osteoid matrix. Parosteal OS (G) highlights the regularly arranged
osseous trabecula surrounded by atypical spindle cells. All the images were taken with ×40 magnifi-
cation. Informed consent was obtained from the patients. There are no available images of periosteal
or high-grade surface OS.
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2.2. Surface (Peripheral) Osteosarcoma
2.2.1. Parosteal Osteosarcoma (POS)

POS is a slow-growing bone tumour arising from the cortical bone surface that origi-
nates from the periosteum, and commonly occurs in young women [25,26]. Radiologically,
POS demonstrates densely ossified and lobulated mass and, histologically, exhibits atypical
spindle cells between regularly arranged osseous trabeculae. The tumour diagnosis can be
mistaken for fibrous dysplasia [25]. The aetiology of POS is not completely understood,
but it has been associated with genetic abnormalities, such as the amplification of MDM2
and CDK4 oncogenes [27,28]. The overall prognosis for POS is generally favourable, with
a reported 5-year survival rate of approximately 90% [26]. However, the risk of local
recurrence and distant metastasis can persist, particularly in cases with inadequate surgical
margins or high-grade histology.

2.2.2. Periosteal Osteosarcoma (PeOS)

PeOS is a rare primary malignant bone tumour arising from the inner layer of the
periosteum [29]. The tumour contains osteoid-producing primitive MSCs between the
cartilage lobules [29]. PeOS is characterized by a slow-growing, low-grade tumour that is
typically less aggressive with a lower propensity to metastasize compared to other subtypes
of OS [30]. The prognosis for PeOS is generally good, with a 91% overall survival rate at
5 years with surgical treatment alone [30].

2.2.3. High-Grade Surface Osteosarcoma (HGSO)

HGSO is an extremely rare subtype of OS, representing only <1% of all the tumours. It
usually develops on the surface of the bone from the outer cortex [31]. It is characterized by
a high-grade tumour with aggressive growth and a tendency to metastasize early [31,32].
The prognosis for HGSO is guarded, with a higher risk of local recurrence and metastasis
compared to other OS subtypes [31].

3. Epidemiology and Aetiology

OS is still considered a rare cancer, with an annual incidence rate of 4.7 per million
people in children and adolescents between the ages of 0 to 19 years and causes 8.9% of
cancer-related deaths in children [33]. Some studies suggested that OS affects males slightly
more frequently than females, with a male-to-female ratio of approximately 1.43:1 [34].

In the United States, research utilizing population data from the Surveillance, Epi-
demiology, and End Results (SEER) program has revealed that the incidence of OS varies
by race and age group [35,36]. Among children and adolescents, the highest incidence is
observed in people of Asian/Pacific Islands [36]. The highest rate of incidence is seen in
people of African descent between the ages 25 and 59 years, while in those over 60 years
of age, Caucasian people have the greatest incidence of the disease [37]. In addition, Italy,
Latin America, Sudan, and Uganda have reported higher rates of childhood OS compared
to other populations worldwide, whereas lower rates have been documented in Western
Australia in contrast to the United States [34–39]. Moreover, higher rates of OS in the elderly
population have been observed in the United Kingdom and Australia [34].

The quality of life of OS patients has improved over the last few decades, although
its aetiology remains unknown. However, several risk factors related to the progres-
sion of the disease, including Paget’s disease, hereditary retinoblastoma, Li–Fraumeni
syndrome, Rothmund–Thomson syndrome, RAPADILINO, Diamond–Blackfan anaemia,
Bloom syndrome, Werner syndrome, ionizing radiation, exposure to beryllium, FBJ virus,
osteochondromatosis, enchondromatosis, fibrous dysplasia, orthopaedic prosthetics, and
alkylating agents [33,40,41]. An investigation of pre-therapeutic biopsy specimens has
revealed the amplifications of chromosomes 6p21, 8q24, and 12q14 and the loss of chro-
mosomes 9, 10, 13, and 17. Consequently, it can be said that chromosomal abnormalities
correlate with OS [33]. In addition, recent studies have shown that insulin-like growth
factors are usually highly expressed in OS tissues compared to healthy bone samples [33].
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OS development has been associated with osteolysis, which is the destruction of
periprosthetic bony tissue. Further, there is a positive correlation between OS aggres-
siveness and osteolysis levels. The receptor activator of nuclear factor kappa-B (RANK,
expressed on the cell surface of osteoclast precursors) and RANK ligand (RANKL, produced
by osteoblasts and osteocytes) are responsible for regulating osteolysis [42]. Therefore, in
the OS tumour microenvironment, osteoclast activity results in a vicious cycle between OS
cell proliferation and bone degradation, leading to the release of pro-tumour factors such as
insulin-like growth factor 1 (IGF1), insulin-like growth factor 2 (IGF2), transforming growth
factor-β (TGF-β), fibroblast growth factor (FGF), bone morphogenetic protein (BMP), or
platelet-derived growth factor (PDGF) from the bone matrix [42]. Further, the tumour
produces interleukin (IL) -6 and -11, transforming growth factor- α (TGF-α), RANKL,
macrophage colony-stimulating factor (M-CSF), vascular endothelial growth factor (VEGF),
BMP, and parathyroid hormone-related protein (PTHrP) with aims of increasing bone
resorption and promoting OS metastasis [42–45] (Figure 2).
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Figure 2. Illustration of bone remodelling in the osteosarcoma tumour microenvironment. The bone
remodelling is induced by OS cells, creating a vicious cycle to promote cell proliferation and survival.
Tumour cells secrete IL-6, IL-11, and TNF-α to stimulate osteoclastogenesis. The cells also secrete
TGF-β which promotes RANKL secretion by osteoblasts to decrease osteoblastic bone formation.
Furthermore, osteocytes secreted SCL through the tumour cells, inhibiting osteoblast activity in the
bone. As a result, OS-related bone remodelling creates a low expression of OPG and a high expression
of RANKL. Therefore, the bone homeostasis equilibrium is an imbalance that accumulates a new
environment: more increased bone resorption and lower bone formation within the bone. The image
was created with BioRender.com. Interleukin 6 (IL-6); interleukin 8 (IL-8); interleukin 11 (IL-11);
insulin-like growth factor 1 (IGF-1); insulin-like growth factor 2 (IGF-2); parathyroid hormone-related
protein (PTHrP); tumour necrosis factor-alpha (TNF-α); bone morphogenetic protein (BMP); vascular
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endothelial growth factor (VEGF); transforming growth factor beta (TGF-β); macrophage-colony-
stimulating factor (M-CSF); receptor activator of nuclear factor kappa-B (RANK); RANK ligand
(RANKL); fibroblast growth factor (FGF); platelet-derived growth factors (PDGF); osteoprotegerin
(OPG); sclerostin (SCL). Created with BioRender.com.

The next-generation single-cell RNA sequencing highlighted that the OS tumour
microenvironment is highly heterogeneous [46]. The tumour is composed of bone cells such
as osteoclasts and osteoblasts as well as fibroblasts, endothelial cells, immune cells including
myeloid cells 1 and 2, natural killer cells, T cells, B cells, monocytes, and plasmacytes [46].
Complexity and high heterogeneity increase the difficulty of diagnosis and treatment
of OS. Moreover, a tumour with significant heterogeneity often conveys resistance to
chemotherapy drugs, giving rise to relapse and metastasis to the lungs or other bones [47].

4. Symptoms, Diagnosis, and Treatment

OS symptoms usually include local pain, swelling, tenderness, and redness (inflam-
mation) near the affected bone [48]. Patients may also experience weight loss, fever, fatigue,
or malaise [49].

Diagnosis and progression of the disease are always achieved by a combination of
medical imaging such as X-ray, magnetic resonance imaging (MRI), positron emission
tomography (PET), and computed tomography (CT) scans. Further, the diagnosis is
confirmed by the histological examination of a microscopic examination of suspected tissue
that has been excised by biopsy [50].

In cancer, therapeutic approaches are always based on the stage of the tumour, the
age of the patient, the patient’s general condition and quality of life, and the patient’s
life expectancy. Currently, only three major therapeutic strategies are available for OS,
including surgery, chemotherapy, and radiotherapy [51].

Amputation and limb-sparing are the primary surgeries in OS therapy to complete
tumour removal with a wide margin of normal tissue to avoid local recurrence and improve
overall survival [51]. However, surgery alone creates surgical stress and causes ischemia-
reperfusion injury, activation of the sympathetic nervous system, endocrine and metabolic
changes, acute and chronic inflammation, and immune suppression within the body,
and most importantly, promotes tumour metastasis by tumour cell dissemination and
circulating tumour cells survival [52–54]. Consequently, the current management of OS
always includes surgery followed by adjuvant chemotherapy or radiotherapy to destroy
the remaining tumour cells and eliminate micro-metastases [51–55].

The chemotherapy regimens applied for OS are high-dose methotrexate (HDMTX)
with leucovorin rescue, doxorubicin (DOX), cisplatin, and ifosfamide (IFO) with or
without etoposide.

MTX is a folate antagonist widely used to treat a variety of autoimmune diseases,
including rheumatoid arthritis and psoriasis [56]. It inhibits the production of pyrimi-
dine and purine nucleotides and thymidylic acid by binding dihydrofolate reductase to
inhibit the DNA replication of cancer cells [57]. Despite its efficacy, HDMTX has seri-
ous side effects, such as renal failure, mucositis, hepatotoxicity, pulmonary toxicity, and
neurotoxicity [57–59]. Further, the standard chemotherapy dose of 8–12 g/m2 HDMTX is
higher than the absolute lethal dose of 2–4 mg/kg [60–62]. Although leucovorin, also called
folinic acid is commonly used as a rescue therapy in HDMTX regimens to help reduce the
toxicity of MTX on non-malignant cells [60].

DOX, also known as Adriamycin, is an anthracycline chemotherapy drug extracted
from Streptomyces peucetius var. caesius in the 1970s and is widely used in many cancer types,
including breast, lung, bladder, lymphoma, and paediatric cancers [63–65]. Its cumulative
dose is from 240 to 480 mg/m2, and the dose per cycle is from 60 to 90 m2 [66]. The drug’s
mechanism of action is through intercalation into the DNA double helix and the disruption
of topoisomerase-II-mediated DNA repair and inhibits the synthesis of both DNA and
RNA [67]. Despite its good effects on patients’ survival, like many cytotoxic drugs, DOX
can be toxic to both cancer cells and healthy cells. In addition, the drug has a severe impact



J. Mol. Pathol. 2023, 4 105

on patients in the long term, including cardiomyopathy, symptomatic cardiac toxicity,
transient electrocardiographic abnormalities, alopecia, and myelosuppression [67,68].

Cisplatin, (SP-4-2)-diamminedichloridoplatinum(II), is the first metal–platinum-based
chemotherapeutic drug that is commonly used in the treatment of various types of cancer,
including sarcomas, testicular, bladder, and lung cancer [69,70]. Its cumulative dose is from
480 to 600 mg/m2; its dose per cycle is from 100 to 120 mg/m2 [66]. Cisplatin binds to the
N7 reactive centre on purine residues of malignant cells’ DNA, resulting in the inhibition
of DNA synthesis, and blocking DNA replication, further promoting apoptosis [70,71].
Unfortunately, the drug also has extreme side effects, such as acute and chronic renal
failure, peripheral neuropathy, ototoxicity, hypomagnesemia, gastrointestinal disorders,
and haemorrhage [67,71].

IFO, a bifunctional alkylating agent, is a member of the nitrogen mustard family and
has been used to treat several tumour types such as germ cell tumours, lymphomas, and
soft tissue sarcoma [72–74]. Its standard cumulative dose starts from 480 to 600 mg/m2; the
dose per cycle is from 100 to 120 mg/m2 [66]. The drug’s mechanism of action is through
the cross-linking of DNA strands, inhibition of DNA synthesis, and protein translation [57].
IFO can have some serious side effects, such as haemorrhagic cystitis, acute kidney injury,
Fanconi syndrome, interstitial nephritis, glomerular disease, and encephalopathy [57,72].

5. Conclusions Remarks

Over the last three decades, patient outcomes have not significantly improved and
the current chemotherapy approaches for OS are highly disappointing [67]. The failure to
improve survival rates reflects the lack of novel treatment strategies. Given the urgency
of the situation, researchers and clinicians are actively working to develop more effective
and less toxic treatments for patients with OS. Some of the approaches being explored
include immunotherapy, targeted therapy, and combination therapy [75,76]. However,
in order to develop more precise and effective therapies, it is crucial for scientists and
clinicians to thoroughly investigate each subtype of OS, elucidating their distinct gene
expression profiles and the underlying pathophysiology of the subtypes. Furthermore,
currently, there are no biomarkers available for any subtypes of the OS that can detect
the disease at an early stage and provide accurate monitoring of disease progression. To
facilitate the development of new treatments, it is imperative to identify predictive and
prognostic markers for each subtype of the OS.
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