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Introduction. The application of personalised medicine through targeted, individualised treatments will increasingly become part of the standard of care as modern medicine departs from a one-size-fits-all approach. Currently, many treatment guidelines do not account for interindividual variability that can produce significant variation in treatment response. Whilst physiologically-based pharmacokinetic (PBPK) models have a significant history of supporting the exploration of pharmacokinetic variability at the population level, the novel application of Virtual Twins (VTs) presents the opportunity to further therapeutic optimisation through personalisation to the individual.
Aims. To collate and analyse existing research on the use of VTs in PBPK in order to understand the prevalence and diversity of use, compare methodologies, and identify opportunities for future advancement of VTs.
Methods. A literature search was conducted to identify studies describing virtual twinning of a whole human body for the purpose of predicting drug concentration and/or effect. The search strategy involved Medline, Embase, Google Scholar, Perplexity AI, citation-searching and reviewing recent abstracts from pharmacometrics conferences. Details of the VT-PBPK models and VT design were extracted from each study and verified by a second reviewer. A framework assessing and categorising each study’s method of simulation and virtualisation was then applied to the extracted data. 
Results. Eighteen (18) studies were included in this review, including 17 original research articles and one conference abstract. Results highlight the application of virtual twinning across a range of populations, disease states and drug classes, for the purpose of PBPK model development and evaluation, and model-informed precision dosing (MIPD). All studies applied virtual twinning to real-world data (RWD) retrospectively. In the VT approaches, there are at least three levels of virtualisation; low, medium and high, as determined by the number of RWD covariates such as physiological, demographic, and genetic data integrated into the model. There is a lack of prospective application of MIPD-VTs, reflecting the current ‘proof-of-concept’ status of this novel methodology.
Discussion. Advancement of MIDP-VTs will depend on a shift in application of PBPK modelling and simulation from producing population-based to specific, individualised predictions. As such, there is a sizeable step required in evaluating VT models and amassing evidence of success before prospective clinical implementation is achievable.
