Machine learning models for personalised dosing of oral anticoagulants: a systematic review
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Aim: To identify and critically appraise studies of machine learning (ML) derived prediction models for determining the optimal dose of oral anticoagulants (OACs).
Methods: Five databases were searched from inception to April 2024 using key search terms synonymous with artificial intelligence or ML, 'prediction', 'dose', and ‘oral anticoagulants’. OACs included vitamin K antagonists (VKAs) - warfarin, acenocoumarol, phenprocoumon, and direct acting oral anticoagulants (DOACs) - apixaban, rivaroxaban, dabigatran. Studies must have used ML methods to develop models that predicted an optimal dose of an OAC. The PROBAST checklist was used to assess quality and risk of bias. Two researchers independently extracted data and reviewed each study.

Results: Of the 7791 retrieved abstracts, 164 underwent full text review and 54 studies met the inclusion criteria.  Studies all used supervised learning approach with those using ANN, neurofuzzy methods and ANFIS reporting the best predictive performance. All but 1 study of DOACs evaluated VKAs. The target outcome for the majority (n = 37) was a “stable therapeutic dose. The remaining either measured a fixed dose, predicted a dose range, classified the dose as ‘adequate’ or ‘inadequate’, or predicted a safety metric. Two studies used a prospective design, however both had small cohorts (n=240 and 115) and only 1 externally validated the model. A multicentre study recruited 15,108 participants and the model was externally validated. However, this study, like 22 others, did not test genetic features that influence drug metabolism and clearance which are important for VKA models. Studies varied widely in reporting of study participants, feature characterisation and selection, handling of missing data, sample size, and the intended clinical application of the model. All studies had high risk of bias, influenced by insufficient reporting of methods and lack of external validation of the models.  
Discussion: ML models for OAC dosing focus on warfarin, with only one study evaluating DOACs. Existing studies are limited by low methodological quality, inadequate reporting of findings, and absence of external and impact evaluation. 
