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Methodological Question Being Addressed: 
Is it possible to build explainable AI-based predictions of drug response which could be used to 
select patients for clinical trials? 
 
Aims: 
Previous work from our data science team has focused on building analytical tools to support 
patient selection for targeted neurotherapeutic intervention. To generate unbiased yet 
interpretable insights on factors giving rise to treatment variability, we created explainable 
artificial intelligence (XAI) models and developed a rigorous data-driven approach to produce 
highly predictive and interpretable models of treatment responses under specific treatment 
options. 
 
Methods: The data set analyzed was from a randomized placebo controlled double blind study 
of a nociceptin receptor antagonist as a potential treatment for MDD (study NEP-MDD-201). 
This study was negative based on a failure to separate placebo from treatment on the primary 
endpoint of MADRS at the week 8 time point. 

Our XAI-based approach consisted of the following three major components which had not 
previously been combined: 1. We used an importance-guided forward selection technique to 
extract pre-treatment patient characteristics that are highly predictive of drug vs. placebo 
response from multiple data modalities [Importance-guided forward selection (BlackThorn: Liu 
et al., 2018)]. 2. We improved existing algorithms to predict treatment outcome at the 
individual level based on the identified pre-treatment patient characteristics. By combining 
feature selection and treatment outcome predictions, we were able to identify subgroups of 
patients that showed a substantial differential response between drug and placebo 
[Personalized Advantage Index (PAI; modified from Webb et al., 2019)]. 3. We utilized an in-
house developed XAI algorithm which can generate highly interpretable rule lists from various 
data modalities (i.e. self-report, quantitative assessments) to inform the basis of drug vs. 
placebo responders in study NEP-MDD-201 [MCA-based rule mining for explainability 
(BlackThorn: Gao et al., 2019)] 

Results: We built predictive models for each individual patient enrolled in the NEP-MDD-201 
study, using only baseline data and setting PAI threshold as a 4-point difference on MADRS at 
week 8 between both arms. The effect sizes (Cohen’s d) of drug vs placebo were 0.68 and 0.59 
within treatment- and placebo-indicated subgroups, respectively, compared to 0.03 based on 
the Completers Analysis Set (CAS). We found that compact nested rule lists were sufficient to 
support explainable enrichment strategies. 
 



Conclusions: First, we learned that no single analytical approach is sufficient to generate 
interpretable predictions on placebo vs. treatment responders. In fact, explainable models 
were only achievable through a combination of analytical approaches. Second, existing 
algorithms were not adequate for model-building; even published algorithms required 
modification. Third, our explainable models can predict patient response and the insights 
derived from these models can be applied as patient enrichment strategies for upcoming 
development programs. 
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