From bench to bedside in Alzheimer’s disease: translational barriers and strategic solutions
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Introduction: Despite intensive preclinical research, the clinical failure rate of therapeutic candidates for Alzheimer's disease (AD), is substantial, underscoring profound complexity of its pathophysiology (Cummins et al 2021).

Aim: To identify key translational barriers in AD drug development by integrating mechanistic insights, pharmacodynamic variability, and biomarker-guided trial design to inform future translational pharmacology strategies.

Methods: A comprehensive analysis of literature, clinical trial data, and expert consensus frameworks—including the Alzheimer’s Association Research Roundtable (AARR) criteria—was conducted to highlight barriers and opportunities.

Results: After summarizing the approved symptomatic treatments and investigational agents targeting amyloid and tau pathways, immunotherapies, and alternative strategies, the limited predictive validity of preclinical models and the need for stratified patient selection was observed. Trials of aducanumab (EMERGE), donanemab (TRAILBLAZER-ALZ 2), and lecanemab (CLARITY AD) showed varying degrees of clinical benefit, while others on gantenerumab (GRADUATE I & II) and zagotenemab failed to meet endpoints, highlighting the importance of precision-driven trial design. Genetic divergence, therapeutic timing, comorbidities, and limitations in animal models and trial design are the multifactorial challenges.

Discussion: Reverse translation, adaptive trial designs, biomarker stratification, refined preclinical models, pharmacodynamic endpoints, and real-world data are all crucial components of a systems-level approach to close the translational gap in Alzheimer's drug development. 
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