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Abstract
Predicting the efficacy of a drug for a given individual, using high-dimensional genomic measurements, is at the core of precision medicine. However, identifying features on which to base the predictions remains a challenge, especially when the sample size is small. Incorporating expert knowledge
offers a promising alternative to improve a prediction model, but collecting such knowledge is laborious
to the expert if the number of candidate features is very large. We introduce a probabilistic model
that can incorporate expert feedback about the impact of genomic measurements on the sensitivity
of a cancer cell for a given drug. We also present two methods to intelligently collect this feedback
from the expert, using experimental design and multi-armed bandit models. In a multiple myeloma
blood cancer data set (n=51), expert knowledge decreased the prediction error by 8%. Furthermore,
the intelligent approaches can be used to reduce the workload of feedback collection to less than 30%
on average, compared to a naive approach.
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Introduction

In genomics-based precision medicine, prediction is challenging due to large-scale -omics data with small
sample size. For example, in cancer studies the sample size is typically less than a thousand of cell lines,
and even fewer patients, whereas high-throughput methods produce thousands of genomic and molecular
features for each observation.
A natural way to deal with the problems caused by a small sample size is to measure more data.
This is, however, often not an available option, due to costs, risks, or the rarity of the disease. A more
rarely exploited alternative is to ask an expert. Prior elicitation techniques [1] have been used in Bayesian
data analysis for constructing prior distributions that take into account expert knowledge, and hence can
restrict the range of parameters to be later used in learning models [2, 3, 4]. These techniques focus
on how to reliably elicit knowledge, whereas in practice it is equally important to minimize the effort
required from the expert. Interactive and sequential learning can help by carefully deciding what to ask
the expert [5, 6, 7]. In this work, we leverage on the recent initial work on interactive expert knowledge
elicitation [8, 9, 10], and introduce sequential knowledge elicitation methods to the precision medicine
prediction task, illustrated in Figure 1. As a challenging case study, we predict drug responses of ex
vivo cell samples from blood cancer patients (n = 51), based on mutation data and cytogenetics markers
(in total 3032 features). Two well-informed experts were asked to provide feedback about the relevance
of features when predicting sensitivity of a cell-line to specific targeted drugs (relevance feedback). In
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