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    Abstract
A drug delivery system is designed to administer a therapeutic dose according to its label claim. Upon delivery of a parenteral drug product, the volume remaining inside the container that cannot be extracted at the end of drug administration is called the hold-up volume (HUV) and is primarily considered product wastage. To meet the label claim, every drug product container is filled with a slight excess volume. For early-stage products in clinical phase, for which material availability is often a limitation, excess volume in drug product containers has to be determined experimentally using several grams of product. In such scenarios, established models that can predict HUV in primary drug product containers would be valuable for product development. The objective of this study was to determine HUV with 95% confidence intervals across various container closures and drug delivery systems by using aqueous PEG 400 solution mimicking the viscosity of biologic drug products. ISO 2R, 6R, and 10R vials and single-use hypodermic syringes attached to a Luer lock needle (25 gauge, 1½ in.) were used to mimic parenteral drug product container and delivery systems for determination of HUV. Glass prefilled syringes in 1 mL and 2.25 mL configurations were also used to determine HUV with 95% confidence intervals. A linear regression model was developed for determination of HUV as a function of viscosity and as a function of container closure and a needle-based delivery system. This model predicting HUV was confirmed by using monoclonal antibodies of varying formulations and viscosities for container closure and delivery systems tested in this study. The model provided here can be used to determine HUV for a particular container closure for a drug solution with known viscosity that can subsequently be used to evaluate fill volume specifications and label claim for a dosage form.
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