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Methodological Question addressed 

The pharmacodynamic interaction between comedications and genotypes with the pharmacology of a 

new investigative drug in clinical CNS trials is often underestimated, leading to reduced clinical signals in 

active treatment arms when imbalanced. For novel targets, by definition no training set is available, 

making it difficult for artificial intelligence and machine learning to make generalizable predictions. In 

addition, the sheer number of possible combinations far outnumbers the available patient population in 

a training set.   In contrast, knowledge-based Quantitative Systems Pharmacology (QSP) platforms based 

on biophysically realistic computer models of neuronal brain circuits allow to simulate individual virtual 

patients with novel targets.  We illustrate the capabilities of QSP for the interpretation of the 

aducanumab ENGAGE and EMERGE clinical trial in Alzheimer’s Disease.  

Introduction 

Many CNS clinical trials fail because the variability in responses often exceeds the clinical effect of a 

novel drug. We hypothesize that part of this variability is driven by the pharmacodynamic (PD-PD) 

interactions between comedications, genotypes, diseases state and the novel investigative drug.  

Methods 

Traditional post-hoc analyses or data-driven analytics do not capture fully the unique character of each 

individual patient and more importantly cannot prospectively estimate the impact of these PD-PD 

interactions for novel targets. A possible solution is to use a knowledge-driven mechanistically informed 

computer model, where the physiological interactions in relevant neuronal networks are simulated 

based on the localization and effect of the different targets on neuronal firing readouts (including tau 

pathology) that in turn are tightly correlated with a clinical outcome.  This leads to the concept of a 

‘mirror’ virtual patient trial where we illustrate the pharmacodynamic interactions between 3 common 

genotype variants (APOE, COMTVal158Met and 5-HTTLPR rs23351) and standard-of-care medication 

affecting the dose-response of amyloid-modulating agents.  

Results 

We simulated a virtual clinical trial based on the aducanumab ENGAGE and EMERGE design and 

generated testable hypotheses about the 5-HTT LPR rs23351 responder genotype on ADAS-Cog.  

Relatively small responder genotype imbalances over treatment arms can lead to an improvement of up 

to 20% (1.6 points on ADAS-Cog) over placebo at the highest exposure of aducanumab, possibly 

explaining the inconsistent outcomes of the two trials. Adding tau pathology reduces the beneficial 

effect of amyloid reduction by 0.25 and 0.10 points at 52 and 78 weeks respectively. Antidepressant 

comedication (0.8 points) and to a lesser degree, benzodiazepines (0.4 points) can reduce the beneficial 

effect of amyloid reduction on cognitive readouts.  

Conclusion 



Pharmacodynamic interactions with comedications, genotypes and pathology can significantly affect the 

dose-response of an active drug in CNS trials and great care is needed for proper balancing the various 

treatment arms, especially with targets that have modest effects on the clinical outcome.  

In combination with data-driven analytics, such knowledge-based approaches informed by biological 

insights are a prime example of Human Augmented Intelligence and might open the way for 

prospectively supporting clinical trial design on novel targets for which there are no or limited training 

sets available.    
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