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Introduction

Accurate quantification of vector copy number (VCN) in genetically modified cells is a fundamental requirement in the development of lentiviral-based gene therapies. VCN serves as both a potency marker, indicative of transgene integration and expression potential, and a safety

parameter, due to the direct correlation between high copy numbers and the risk of insertional mutagenesis. Regulatory expectations increasingly emphasize VCN analysis from the earliest stages of development to enable risk—benefit assessment and control of manufacturing
consistency.

To address the need for a robust, cost-effective, and broadly applicable assay, we developed a platform-based approach for VCN determination. This strategy aims to provide a validated and transferable method applicable across different lentiviral vector constructs and
compatible with a wide range of cellular substrates, including hematopoietic and non-hematopoietic cell types.

The assay was developed using droplet digital PCR (ddPCR), a technology that allows for absolute quantification without the need for standard curves and exhibits superior tolerance to PCR inhibitors compared to conventional gqPCR. Method setup was performed using the
WHO/NIBSC lentiviral reference material, and included an extensive troubleshooting and characterisation phase that enabled a deep understanding of assay performance parameters and limitations.
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Conclusions

*The method underwent a comprehensive validation in accordance with ICH Q2(R2) and new European Pharmacopoeia 3186 monograph. The following performance characteristics were assessed: repeatability, intermediate precision, intra- and inter-assay accuracy, linearity, and
robustness under variable experimental conditions.

*The validation confirmed the method's suitability for VCN quantification in compliance with regulatory requirements for both preclinical and clinical phases.
*Despite its successful validation, the process reveled some limitations inherent to available reference standards. Current and future work will focus on investigating these aspects further to explore possible strategies for mitigation and refinement.

*This platform method represents a significant tool for a streamlined and GMP compliant VCN assessment in gene therapy development.
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