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Methodological Issue Being Addressed Reliable biomarkers for brain circuit target engagement
are critical for advancing drug development in central nervous system (CNS) disorders. fMRI has
good brain coverage and spatial resolution, but has demonstrated high variability (in brain anatomy
and drug effects), low signal-to-noise ratio (SNR), and lack of validated targets, preventing its
adoption in clinical development.

Introduction Precision functional mapping (PFM) is an approach which uses a single individual’s
resting fMRI to precisely define functional areas and networks [common across humans]. The
fundamental paradigm shift behind PFM is the realization that individual differences dilutes
neuroimaging results and individual-defined functional circuits and within-subject analyses
dramatically enhances power. We previously introduced the Precision Imaging Drug Trial (PIDT)
methodology, integrating Precision Functional Mapping (PFM), within-subject repeated measures,
and advanced MRI acquisition and processing, enhancing sensitivity for detecting drug effects.
Here, we empirically evaluate how specific study design choices influence effect size, statistical
power, and sample size requirements using methylphenidate-induced reductions in somatomotor
network functional connectivity (FC) as a test case.

Methods We assessed sensitivity to a known drug FC biomarker (stimulant drugs decreased FC in
motor cortex) in a cross-sectional dataset from the Adolescent Brain Cognitive Development (ABCD)
cohort (N=4,320, stimulant users N=390) and a longitudinal precision fMRI dataset with controlled
methylphenidate administration (N = 7). We used Bayesian predictive probabilities and
bootstrapping validation to extrapolate expected power to detect a drug effect across a variety of
study designs (cross-section vs cross-over, multiple vs single visits per condition, individualized
versus group parcellation).

Results A parallel arm design revealed the worst power (N = 270 participants to achieve 90%
power). A controlled within-participant design was far more sensitive (N = 43 participants to
achieve 90% power). Adding repeated, longer duration fMRI scans over multiple days further
boosted power (N = 22 participants to achieve 90% power), and adding individual-specific
parcellation achieved the best power N = 17 participants to achieve 90% power). A cost
optimization model finds that a within-participant design with two visits per condition is ideal.

Conclusion Study design, individualized parcellation, and measurement frequency critically
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impacted statistical efficiency. Within-participant repeated visit designs integrating advanced MRI
acquisition and Precision Functional Mapping (PFM) can dramatically increase sensitivity of fMRI,
reducing sample size needed and improving cost-effectiveness for drug biomarker research.
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