Development of a novel theranostic boron-containing nanovector to enhance Boron Neutron Capture Therapy effectiveness in head and neck cancers.
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Background: Head and neck cancers (HNCs) represent a significant global health burden, with high morbidity and mortality rates, particularly in advanced stages. Despite the availability of conventional treatments such as surgery, radiotherapy, and chemotherapy, their efficacy is often limited by severe side effects, treatment resistance, and high recurrence rates. Boron Neutron Capture Therapy (BNCT) offers a promising alternative by enabling highly selective tumor destruction while sparing surrounding healthy tissues. This binary treatment relies on the preferential accumulation of boron-10 in cancer cells, followed by neutron irradiation, which triggers a nuclear reaction leading to localized cell death. However, the clinical translation of BNCT is hindered by the suboptimal delivery of boron compounds to tumors. To date, two boron-based compounds, 4-borono-L-phenylalanine (BPA) and sodium borocaptate (BSH), have been approved for clinical use but present some limitations, including rapid clearance and sub-optimal tumor retention. These limitations highlight the need to find innovative boron carriers to improve boron accumulation and retention in tumors. To meet this challenge, the development of nanocarriers capable of efficiently targeting and delivering boron to malignant tissues is essential. Additionally, incorporating imaging functionalities within these nanosystems would enable real-time tracking of boron biodistribution, improving treatment planning and monitoring.
Methods and strategy: To enhance BNCT efficacy, we propose an innovative approach based on iron oxide nanoparticles (IONPs) functionalized with boron (10B), specifically targeting the epidermal growth factor receptor (EGFR), which is overexpressed in the majority of HNCs. These nanoparticles offer a dual advantage: improved boron accumulation and integration with magnetic particle imaging (MPI), an emerging imaging technique with high sensitivity and quantitative accuracy for iron detection. Unlike conventional imaging modalities, MPI provides a direct signal from magnetic nanoparticles, enabling quantitative mapping. To further optimize boron delivery, we will conjugate BSH to IONPs, leveraging its superior boron content compared to BPA. Additionally, to enhance tumor specificity, the surface of the nanoparticles will be functionalized with Cetuximab, an FDA-approved monoclonal antibody that targets EGFR.
[bookmark: OLE_LINK1]Results: Preliminary results demonstrated the successful development of PEGylated IONPs conjugated with BSH, which remain stable in both culture medium and artificial plasma. Boron quantification by inductively coupled plasma (ICP) analysis confirmed a significant boron grafting efficiency, with a boron-to-iron ratio of 8%. The presence of borocaptate was further validated through infrared spectroscopy analysis. In parallel, immunofluorescence studies confirmed the inhibitory effect of Cetuximab on EGFR activation. Additionally, preliminary in vitro experiments demonstrated the successful internalization of boron-loaded IONPs in 3D spheroid models.
Conclusion: Our theranostic 10B-IONPs represent a novel approach to improve BNCT for HNC by combining targeted boron delivery with advanced imaging capabilities. This strategy would enhance tumor selectivity, allow real-time monitoring of nanoparticle biodistribution, and hold the potential to significantly improve treatment outcomes for patients with advanced HNC.
