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m Abstract : 

Subcutaneous (SubQ) injection is an increasingly common route for 
administering biopharmaceuticals, particularly monoclonal antibodies. However, 
predicting the bioavailability and pharmacokinetics of drugs administered 
subcutaneously remains challenging due to the complex nature of the subQ 
environment. In recent years, several in vitro models (e.g., SCISSOR, ESCAR) have 
been developed to simulate the subQ space and predict drug behavior following 
injection. These models aim to provide a cost-effective and ethical alternative to 
animal studies, which often fail to accurately predict human outcomes for subQ 
delivery. 

The essential steps in subQ drug transport that we aim to address include: 
the initial distribution of the drug in the subQ space immediately following injection, 
its convective and diffusive transport through the extracellular matrix, binding and 
release from matrix molecules, uptake, degradation, and release kinetics of resident 
cells, and entry into the blood and lymphatic vasculatures, followed by systemic 
circulation to the intended site of action.

In this study, we introduce a hybrid system combining microphysiological 
systems (MPS) and digital twin (DT) technology, referred to as MPS-DT, to predict 
the biodistribution of peptide drugs in the subQ space and their absorption into 
systemic circulation. We sought to identify the key parameters governing subQ 
pharmacokinetics and develop various MPS systemsto measure them. Additionally, we 
developed a DT-based computational framework that simulates subQ drug transport 
physiology by integrating MPS-derived key parameter data. By incorporating these 
experimental and computational tools, our work provides a novel framework for 
predicting subQ drug transport and absorption, with implications for optimizing 
formulation strategies and improving translational relevance to human physiology. This 
study represents the first comprehensive approach that integrates experimental MPS 
data with digital twin modeling for subQ drug delivery, offering a powerful tool for 
pharmaceutical research and development.
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