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ABSTRACT
Bone sarcomas, rare and aggressive neoplasms such as osteosarcoma, chondrosarcoma, and Ewing sarcoma, require a multidisciplinary and stratified oncologic and orthopedic approach. This review synthesizes evidence published between 2015 and 2025, addressing the surgical gold standard, neoadjuvant chemotherapy (MAP and VAC/IE regimens), radiotherapy, immune checkpoint inhibitor therapies (ICIs), and the emerging role of circulating molecular biomarkers (ctDNA). Recent studies highlight the importance of morphofunctional imaging characterization (CT and PET-CT) and molecular signatures (e.g., EWS-FLI1 translocation) to guide precise therapeutic decisions.
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RESUMO
Os sarcomas ósseos, neoplasias raras e agressivas, como o osteossarcoma, o condrossarcoma e o sarcoma de Ewing, exigem uma abordagem oncológica e ortopédica multidisciplinar e estratificada. Esta revisão sintetiza evidências publicadas entre 2015 e 2025, abordando o padrão-ouro cirúrgico, a quimioterapia neoadjuvante (regimes MAP e VAC/IE), radioterapia, terapias de bloqueio de checkpoint imune (ICIs) e o papel emergente de biomarcadores moleculares circulantes (ctDNA). Estudos recentes destacam a importância da caracterização morfofuncional por imagem (TC e PET-CT) e da assinatura molecular (ex: translocação EWS-FLI1) para orientar condutas terapêuticas precisas.
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RESUMEN
Los sarcomas óseos, neoplasias raras y agresivas como el osteosarcoma, el condrosarcoma y el sarcoma de Ewing, exigen un abordaje oncológico y ortopédico multidisciplinario y estratificado. Esta revisión sintetiza evidencias publicadas entre 2015 y 2025, abordando el estándar quirúrgico de oro, la quimioterapia neoadyuvante (regímenes MAP y VAC/IE), la radioterapia, las terapias de bloqueo de checkpoints inmunitarios (ICIs) y el papel emergente de biomarcadores moleculares circulantes (ctDNA). Estudios recientes destacan la importancia de la caracterización morfofuncional por imagen (TC y PET-CT) y de la firma molecular (ej.: translocación EWS-FLI1) para orientar conductas terapéuticas precisas. 
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1 INTRODUCTION
Bone sarcomas are rare primary malignant tumors that predominantly affect the young population, being responsible for significant morbidity and mortality. The biological heterogeneity among the three main types is remarkable: osteosarcoma is characterized by the production of malignant osteoid matrix; chondrosarcoma, due to the formation of tumor cartilage with high resistance to cytotoxic agents; and Ewing's sarcoma, due to reciprocal chromosomal translocation t(11; 22) that generates the fusion protein EWS-FLI1. Due to its aggressiveness, the overall 5-year survival rate for localized disease still varies between $65 and $75 and $75, decreasing dramatically in the presence of metastases. Diagnostic evaluation is complex, requiring a combination of clinical, imaging, and molecular histopathology. The Brazilian literature, in line with the international literature, reinforces the relevance of detailed imaging evaluation (magnetic resonance imaging and CT) for the local staging and differentiation of aggressive tumors and pseudo-tumoral lesions.

2 METHODOLOGY
A comprehensive narrative review was carried out, with a search in the PubMed, Scopus, and Cochrane electronic databases, limited to articles published between 2015 and the first quarter of 2025. The focus included phase I/II/III clinical studies, systematic reviews and  oncological guidelines on surgical strategies, neoadjuvant chemotherapy, proton beam radiotherapy, and the development of molecular and immunological therapies applied to bone sarcomas.

3 FINDINGS
3.1 OSTEOSARCOMA
The standard treatment consists of neoadjuvant chemotherapy (MAP regimen – High-dose Methotrexate, Doxorubicin, and Cisplatin), followed by salvage surgical resection limb therapy and adjuvant chemotherapy. Tumor response to neoadjuvant is the main prognostic predictor. Recent advances include:
●	Liquid Biopsies: Potential to monitor minimal residual disease (MRD) and therapeutic response by quantification of circulating tumor DNA (ctDNA).
●	Immunotherapy: Investigation of  immune checkpoint  blockers (anti-PD-1) in combination trials, primarily for metastatic or refractory disease.
3.2 CHONDROSARCOMA
Due to its hypovascularized characteristic and the expression of resistance proteins (e.g., P-gp), chondrosarcoma is highly chemoresistant.
●	Surgical Management: Wide surgical resection with obtaining tumor-free margins (R0) remains the main curative factor and prognosis.
●	Targeted Therapies: Studies explore inhibitors of signaling pathways involved in the IDH1/IDH2 mutation, which is prevalent in low-grade subtypes. Proton therapy has been investigated for unresectable tumors or tumors located at the base of the skull.

3.3 EWING'S SARCOMA
This sarcoma is the most chemosensitive, requiring intensive multidrug therapy (VAC/IE regimen).
●	Radiotherapy: Used as an adjunct to chemotherapy in unresectable tumors or when surgical margins are compromised (R1).
●	New Therapies: Research focuses on the inhibition of EWS-FLI1 fusion protein-mediated transcription and the development of CAR-T cells targeting Ewing sarcoma surface antigens.

4 DISCUSSION
The results show that the management of bone sarcomas is divergent and based on their biological signatures. Oncological surgery with free margins (R0) remains the most critical therapeutic element for prognosis.
Detailed imaging evaluation not only determines staging (TNM) and resectability, but also assists in differentiating aggressive vs. aggressive lesions . a clinically relevant challenge, as demonstrated in publications that address the complex distinction between proliferative and pseudotumoral lesions (such as cherubism). The integration of PET-CT is increasing to monitor the response to neoadjuvant and differentiate tumor necrosis from fibrosis.
The era of precision medicine introduced molecular monitoring. Persistence of ctDNA after surgery or chemotherapy, detected by liquid biopsy, may indicate residual disease, allowing therapeutic escalation before the radiological manifestation of recurrence. While promising, advanced therapies such as ICIs and cell therapies (CAR-T) still face validation challenges, toxicity, and, notably, cost and access barriers in developing country health systems.

5 CONCLUSION
 Successful management of bone sarcomas requires the cohesive and integrated performance of oncological surgeons, clinical oncologists, and pathologists. Fixation on the free surgical margin (R0) is non-negotiable. The diagnostic and therapeutic evolution in the molecular and immunological fields offers new perspectives for individualization of treatment, especially for Ewing's Sarcoma and Osteosarcoma. Future collaborative studies are urgent, and should prioritize the clinical validation of MRD biomarkers and the optimization of chemotherapy combination regimens with immunotherapeutic agents and specific pathway inhibitors (such as IDH1/IDH2 and EWS-FLI1).
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