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CURRENT APPROACHES TO THE DIAGNOSIS, TREATMENT, AND PROGNOSIS OF OSTEOSARCOMA
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Abstract. Osteosarcoma is the most common primary malignant bone tumor, predominantly affecting children, adolescents, and young adults. Despite significant advances in oncology, orthopedic surgery, and chemotherapy, osteosarcoma remains a major challenge due to its aggressive biological behavior and high potential for metastasis. The disease most frequently arises in the metaphyseal regions of long bones, particularly around the knee joint. Early diagnosis and multidisciplinary treatment approaches have considerably improved survival outcomes over the past decades. However, the prognosis for patients with metastatic or recurrent disease remains poor. The present study examines the epidemiological characteristics, risk factors, diagnostic methods, treatment strategies, and prognostic indicators associated with osteosarcoma. Recent statistical data and findings from international clinical studies are analyzed to evaluate current trends in patient outcomes and future directions in osteosarcoma management.
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Relevance. Osteosarcoma represents one of the most significant malignant bone tumors affecting the pediatric and adolescent population worldwide. Although it accounts for less than one percent of all cancers diagnosed annually, it is responsible for a substantial proportion of cancer-related morbidity and mortality among children and young adults. The disease is characterized by the production of malignant osteoid tissue by tumor cells and demonstrates a strong tendency toward local invasion and distant metastasis, particularly to the lungs.
The global burden of osteosarcoma remains considerable despite improvements in diagnostic imaging, surgical techniques, and systemic therapies. According to recent epidemiological studies, osteosarcoma accounts for approximately 35–50% of all primary malignant bone tumors. The annual incidence rate is estimated at 3–5 cases per million population, with the highest incidence observed during periods of rapid skeletal growth in adolescence. Males are affected slightly more frequently than females, with a male-to-female ratio of approximately 1.4:1.
The relevance of osteosarcoma research continues to increase due to the limited progress achieved in improving survival rates among patients with metastatic disease. While localized osteosarcoma can often be treated successfully with modern multimodal therapy, patients presenting with pulmonary metastases or recurrent tumors continue to experience significantly lower survival outcomes. Therefore, the development of more effective diagnostic tools and therapeutic strategies remains a priority in orthopedic oncology.
Aim of the Study. The aim of this study is to analyze contemporary approaches to the diagnosis and treatment of osteosarcoma and to evaluate the impact of recent advances in medical technology and multidisciplinary management on patient survival and prognosis.
Materials and Methods. The present study is based on a comprehensive review of scientific literature published between 2020 and 2025. Relevant data were obtained from peer-reviewed journals, international oncology databases, clinical guidelines, and reports from major cancer organizations. Publications indexed in PubMed, Scopus, Web of Science, and Google Scholar were examined to identify recent developments in osteosarcoma diagnosis and treatment.
The methodology included comparative analysis, literature review, statistical evaluation of epidemiological data, and synthesis of findings from clinical trials. Special attention was given to studies investigating diagnostic imaging modalities, chemotherapy protocols, surgical outcomes, and survival rates among osteosarcoma patients.
Results and Discussion. The analysis revealed that osteosarcoma predominantly affects individuals between the ages of 10 and 25 years. Epidemiological studies indicate that nearly 60% of cases are diagnosed during adolescence, coinciding with periods of accelerated bone growth. The distal femur, proximal tibia, and proximal humerus are the most frequently affected anatomical locations.
Current evidence suggests that the etiology of osteosarcoma is multifactorial. Genetic predisposition plays a significant role in disease development. Mutations involving tumor suppressor genes such as TP53 and RB1 have been identified in a considerable number of patients. Individuals with hereditary cancer syndromes, including Li-Fraumeni syndrome and hereditary retinoblastoma, demonstrate a substantially increased risk of developing osteosarcoma.
Clinical manifestations commonly include localized pain, swelling, reduced joint mobility, and functional impairment of the affected limb. In many cases, symptoms progress gradually over several months before diagnosis. Delayed recognition frequently contributes to disease progression and metastasis.
Diagnostic evaluation of osteosarcoma requires a combination of clinical examination, imaging studies, histopathological assessment, and laboratory investigations. Conventional radiography remains an important initial diagnostic tool. Characteristic findings include cortical destruction, periosteal reaction, and the formation of a sunburst appearance resulting from aggressive tumor growth. Magnetic resonance imaging provides detailed visualization of tumor extent and soft tissue involvement, while computed tomography plays a critical role in detecting pulmonary metastases.
Recent studies indicate that approximately 15–20% of patients present with detectable metastases at the time of diagnosis. Among these cases, nearly 85% involve metastatic lesions in the lungs. Advances in imaging technology have improved the sensitivity of metastatic detection, enabling more accurate staging and treatment planning.
The introduction of neoadjuvant and adjuvant chemotherapy has transformed osteosarcoma management. Prior to the development of modern chemotherapy protocols during the 1970s, long-term survival rates rarely exceeded 20%. Contemporary treatment strategies typically combine multi-agent chemotherapy with surgical resection. Commonly utilized chemotherapeutic agents include methotrexate, doxorubicin, cisplatin, and ifosfamide.
Clinical data demonstrate that the five-year overall survival rate for patients with localized osteosarcoma currently ranges between 65% and 75%. In contrast, patients with metastatic disease at diagnosis experience significantly poorer outcomes, with five-year survival rates generally ranging from 20% to 35%. These findings highlight the critical importance of early detection and aggressive treatment.
One of the most significant advances in osteosarcoma management has been the widespread adoption of limb-salvage surgery. Historically, amputation was considered the standard surgical approach. Today, advances in reconstructive surgery, endoprosthetic replacement, and biological reconstruction techniques allow limb preservation in approximately 80–90% of patients. Numerous studies have demonstrated that limb-salvage procedures provide oncological outcomes comparable to amputation while significantly improving quality of life and psychological well-being.
Recent research has focused on molecular targeted therapies and immunotherapy as potential treatment options for refractory or metastatic osteosarcoma. Investigational agents targeting angiogenesis, immune checkpoint pathways, and tumor-specific molecular mechanisms have demonstrated encouraging preliminary results. However, further clinical trials are necessary to establish their effectiveness and long-term safety.
The economic burden of osteosarcoma remains substantial. Treatment often requires prolonged hospitalization, multiple surgical interventions, intensive chemotherapy, and long-term rehabilitation. Consequently, healthcare systems face considerable challenges in providing comprehensive care for affected individuals.
The psychological impact of osteosarcoma should not be underestimated. Many patients experience anxiety, depression, social isolation, and reduced quality of life during treatment. Multidisciplinary care involving oncologists, orthopedic surgeons, psychologists, physiotherapists, and rehabilitation specialists is essential for achieving optimal outcomes.
Future directions in osteosarcoma research include the identification of novel biomarkers for early diagnosis, the development of personalized treatment strategies based on genetic profiling, and the integration of artificial intelligence into diagnostic imaging and prognostic assessment. These innovations have the potential to further improve survival rates and enhance the quality of care provided to patients.
Conclusion. Osteosarcoma remains one of the most aggressive primary malignant bone tumors affecting children, adolescents, and young adults. Although significant advances in diagnostic imaging, chemotherapy, and surgical techniques have improved patient outcomes, the disease continues to pose major clinical challenges, particularly in cases involving metastasis or recurrence.
The findings of this study demonstrate that early diagnosis and multidisciplinary treatment significantly increase survival rates and improve long-term prognosis. Modern chemotherapy protocols combined with limb-salvage surgery have transformed osteosarcoma management and allowed many patients to maintain functional independence and quality of life.
Despite these achievements, survival outcomes for metastatic osteosarcoma remain unsatisfactory. Continued research into molecular biology, targeted therapies, immunotherapy, and precision medicine is necessary to address existing limitations and improve future treatment outcomes. The implementation of innovative diagnostic technologies and individualized therapeutic approaches may ultimately contribute to reducing mortality and enhancing the overall prognosis of patients with osteosarcoma.
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