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Background
Head and neck cancers (HNCs) remain a major therapeutic challenge worldwide, particularly at advanced stages where recurrence and treatment resistance are common. Conventional therapies, including surgery, radiotherapy, and chemotherapy, often come with substantial side effects and limited long-term efficacy. Boron Neutron Capture Therapy (BNCT) emerges as a promising strategy due to its tumor-selective cytotoxicity, relying on the targeted accumulation of boron-10 within cancer cells, followed by neutron irradiation to induce localized cell death. However, clinical application is currently hampered by the insufficient tumor targeting and retention of available boron compounds such as 4-borono-L-phenylalanine (BPA) and sodium borocaptate (BSH). Thus, the development of innovative boron delivery systems that enhance tumor accumulation and allow real-time monitoring is critical to unlocking BNCT’s full potential.
Methods
We developed a novel theranostic system based on iron oxide nanoparticles (IONPs) functionalized with boron-10 for dual targeting and imaging applications. These nanoparticles are engineered to selectively bind to the epidermal growth factor receptor (EGFR), frequently overexpressed in HNCs, via surface conjugation with Cetuximab, an FDA-approved anti-EGFR antibody. Additionally, BSH is grafted onto the nanoparticles to maximize boron payload. The magnetic properties of the IONPs also enable detection by magnetic particle imaging (MPI), a sensitive and quantitative modality ideal for nanoparticle tracking. Unlike conventional imaging modalities, MPI provides a direct signal from magnetic nanoparticles, enabling quantitative mapping. This multimodal design aims to enhance boron delivery to tumors while enabling non-invasive monitoring of biodistribution.
Results
We successfully synthesized PEGylated IONPs conjugated with BSH, achieving high colloidal stability in biological media. ICP analysis revealed efficient boron loading, with a boron-to-iron weight ratio of 8%. Fourier-transform infrared spectroscopy confirmed successful boron grafting. Furthermore, immunofluorescence studies confirmed the inhibitory effect of Cetuximab on EGFR activation. Preliminary internalization studies in 3D spheroid models of HNC confirmed efficient nanoparticle uptake, supporting the potential of this approach for effective boron delivery.
Conclusion
Our EGFR-targeted, boron-loaded IONPs represent a promising platform to enhance BNCT efficacy in head and neck cancers. 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.

