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ABSTRACT: Sample size determination is a fundamental step in the design of clinical studies. In randomised 
controlled trials, regulatory guidelines endorse the adjustment of baseline covariates through analysis of 

covariance (ANCOVA). Sample size determination, matched to ANCOVA, has been developed from the 
frequentist perspective to ensure the type I error and statistical power are maintained at the desired levels. 

However, such calculations rely on an initial guess of values, typically based on historical information, for 

certain nuisance 
parameters. In this work, we develop a fully Bayesian approach that formally incorporates historical data into 

the study design and then derive sample size formulae that resembles the frequentist formulations. 
 

Consider settings with a continuous prognostic baseline covariate and normally distributed outcome, with a 

correlation p. We represent historical data in a prior for the bivariate normal mean vector for each treatment 
group and obtain a conditional posterior distribution for the treatment effect given the baseline covariate for 

the decision making. 
For two-arm comparative trials, sample size formulae can be derived to ensure a specific chance of correctly 

deciding whether the new treatment is superior to, or not better than, the control by some clinically relevant 

difference. For cases with a known covariance matrix, the formula shows an explicit reduction in sample size, 
by a factor of (1 - ρ)2, compared to standard approaches discarding covariate information. For cases with 

unknown covariance matrices, an Inverse-Wishart prior can be specified to capture additional historical 
information concerning the standard deviations and p. Similarly, the sample size formula yields a non-linear 

reduction in sample size. Our simulation studies showed that sample size saving can be achieved by 
incorporating baseline covariate, and further any historical information on both the covariate and outcome, 

whilst maintain the desired efficacy/futility thresholds. Increasing the strength of the Inverse-Wishart prior 

could mean further reduction to the required sample size. 
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