In non-opsonising nanoparticles size outweighs vascular phenotype in governing tumour accumulation
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Introduction. Nanoparticles (NPs) offer promising strategies for improving cancer diagnostics and enabling tumour-targeted drug delivery, often relying on the enhanced permeability and retention (EPR) effect. However, the full potential of EPR and the optimal NP size for efficient tumour accumulation remains uncertain due to rapid opsonisation which alters NP size and surface properties and varies with tumour vascularisation.
Aims. This work aimed to understand how tumour vascular phenotype influences the biodistribution of non-opsonising NP surrogates, and how NP size affects tumour accumulation in a colon (CT26), breast (4T1), lung (Lewis lung carcinoma (LLC1)) cancer mouse models.
Methods. We synthesised heavily PEGylated, fluorescently labelled brush polymers with three distinct hydrodynamic diameters spanning 15–60 nm. Biodistribution was assessed in subcutaneous syngeneic murine tumours, CT26 and 4T1 in Balb/c mice and LLC1 in C57Bl/6N mice. Ex vivo fluorometric analysis quantified NP concentrations in heart, kidney, liver, spleen, lung, brain, and tumor at 7 days after administration. All procedures were approved by the Latvian Animal Protection Ethical Committee of the Food and Veterinary Service (Riga, Latvia). 
Results. Across all three models, tumours exhibited the highest NP accumulation among all tested tissues, including highly vascularized tumours (4T1 and CT26), and poorly vascularized and less permeable LLC1 tumour. Within the tested size range, the 30 nm NPs consistently showed the highest accumulation in tumours.
Discussion. For non-opsinising NP surrogates, NP size of 30 nm maximizes tumour deposition across tumour types with differing vascular phenotypes.  These data suggest that size-tuning of stealth polymer constructs can mitigate variability arising from EPR heterogeneity and may inform the design of clinically translatable nanomedicines for both leaky and less leaky tumours.
