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ABSTRACT: Rare and pediatric diseases present a particular challenge to biopharmaceutical developers
designing clinical trials and the government regulators who review them. In this talk, we describe two
complementary Bayesian approaches to testing a novel antisense oligonucleotide (ASO), a short, synthetic
strand of nucleic acid designed to bind a specific RNA sequence and modify how a gene is expressed. Each
subject acts as their own control in an individual “N-of-1" trial, where a subject-specific ASO is used to treat
their own particular disease. In the first approach, we model the trajectory of each subject’s response as
piecewise linear on an appropriate scale, and look for a slope change at the time of the ASO intervention.
Reference data for each subject prior to treatment initiation comes from both retrospective chart review and a
short series of “run-in” observations. We use known upper and lower response bounds to standardize patient
responses across indications, and then use a logit transformation to achieve approximate normality. This model
pools across both subjects and disease indications via a partially exchangeable hierarchical structure that
acknowledges inherent differences among the indications. In the second approach, we instead classify each
trial subject as a responder or non-responder against a natural history prediction model, and then assess the
response rate across patients. We start by fitting a predictive model to external natural history data on
historical control patients for each indication. For each treated patient, we then check whether their post-
treatment observation falls outside the prediction interval (e.g., above the 90% upper bound), classifying them
as a “responder” if so. We then assess whether the observed responder count exceeds what would be
expected by chance using a standard beta-binomial model that produces a posterior distribution on the true
response rate. This model facilitates simpler cross-indication pooling.

In each approach, a final layer of the hierarchy combines our findings across all of the N-of-1 trials, in order to
assess the overall statistical significance of the ASO’s performance. We offer simulations to check the Type I
error and power of our approach, and also consider modifications of our models to accommodate the presence
of possible placebo effects. Our results indicate our approach can produce convincing evidence regarding the
likely treatment effect that is both ethically and regulatorily acceptable.
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