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Abstract 

This joint Special Interest Group session features four talks that trace biomarker discovery along the 
“Dimensionality Ladder”—from low-dimensional, hypothesis-driven markers to high-dimensional omics. 
We examine methodological rigour, practical considerations, and translational impact at each rung, 
highlighting how study design, statistical power, and validation requirements shift with increasing 
dimensionality. Predictive biomarkers are central to precision medicine, yet early-phase trials pose 
challenges due to limited samples and the need for robust evidence for regulatory decisions. 

 

The four talks cover (1) a novel method for assessing single-biomarker predictiveness in small 
samples; (2) approaches for selecting optimal cut-offs for continuous biomarkers in small, unbalanced 
cohorts; (3) an AI/ML framework involving separate simulation and benchmarking teams to identify 
prognostic and predictive biomarkers in complex datasets; and (4) a Bayesian decision framework to 
integrate statistical evidence with biological plausibility and commercial considerations. 

The session will illustrate typical problems encountered in the practice and ongoing co-work activities 
in the two SIGs. 

 

Presentation 1: A novel approach to assess the predictiveness of a continuous biomarker in early 
phases of drug development (Marie-Karelle Riviere) 

Identifying and quantifying predictive biomarkers is essential for personalised medicine and patient-
centric drug development. However, in early-stage studies with limited data, assessing a biomarker’s 
predictive value can be challenging and potentially misleading. Most existing methods assume 
moderate-to-large sample 

sizes. We propose a novel, flexible approach inspired by the Kolmogorov–Smirnov distance to 
evaluate the predictiveness of continuous biomarkers in small-sample settings. Simulation studies 
show that our method achieves higher power than existing approaches across various scenarios while 
maintaining control of the type-I error rate at a pre-specified level. 

 

Presentation 2: Evaluating methods for biomarker cut-off detection: a comparative study in small and 
unbalanced samples (Hugo Hadjur) 

In personalised medicine and patient-centric development, biomarkers—measurable indicators of 
biological processes—are central to validating new treatments. Predictive biomarkers identify patients 
most likely to benefit and guide treatment assignment, but determining accurate cut-off thresholds is 
challenging, especially with limited, small, and unbalanced samples where some methods can be 
biased or imprecise. Most research on cut-off identification uses moderate or large samples. We 
evaluate methods for cut-offs in continuous biomarkers, analysing their theoretical properties and 
comparing performance via simulations across scenarios (including small, unbalanced samples and 
varied biomarker distributions). The results clarify trade-offs among methods and offer practical 
guidance for selecting robust approaches in challenging clinical settings. 

 

 



Presentation 3: Machine Learning in Precision Medicine: A Collaborative Approach (Laura Schlieker) 

Quantitative and qualitative assessment of prognostic and predictive biomarkers (treatment-effect 
modifiers) is essential for decision-making in precision-medicine drug development, demanding 
sophisticated analysis of complex, high-dimensional data with Artificial Intelligence (AI) and Machine 
Learning (ML). A dedicated ML sub stream within the PSI/EFPSI Biomarkers ESIG runs a hands-on 
project on treatment-effect heterogeneity using an agile two-team model—simulation and method 
benchmarking. The simulation team creates increasingly complex synthetic datasets, tuning p-to-n 
ratios, monotonicity/non-linearity, higher-order interactions, and gene network-like correlation 
structures. The blinded methods team analyses these datasets with diverse AI/ML tools to identify true 
prognostic and predictive biomarkers and infer the data-generating process, with cycle-end reviews 
guiding the next iteration. We will demonstrate how this interactive model engages contributors and 
fosters creativity, and we will showcase method performance—including ML-based meta-learners—in 
high-dimensional precision medicine, highlighting their potential to strengthen clinical development 
programs. 

 

Presentation 4: A Bayesian precision-medicine decision framework for pursuing biologically plausible 
predictive biomarkers in early clinical development (Mathias Cardner) 

In early clinical development, decisions to pursue predictive biomarkers must balance risk and benefit. 
In trials powered for overall efficacy, testing a predictive biomarker often has a much higher false-
negative than false-positive risk, and sufficient sample sizes rarely arrive before later phases—
delaying companion diagnostic development. Regulators acknowledge this and encourage methods 
that prioritise biological plausibility and replicability over strict significance. We propose a Bayesian 
decision framework based on the posterior conditional average treatment effect (CATE) in biomarker-
defined subgroups, comparing posterior CATE to efficacy targets in the product profile and combining 
evidence across endpoints via Dempster–Shafer theory. Simulations show how priors on treatment-
effect heterogeneity can suppress or reveal subgroup signals. The framework integrates evidence 
across endpoints and weights it by commercial opportunity, biomarker sampling difficulty, and 
diagnostic feasibility, enabling more informed early-phase decisions that can accelerate targeted 
therapies and companion diagnostics. 

  


