Statistical Relational Learning for Clinical
Domains
Jesse Jon Davis
Department of Computer Science
Katholieke Universiteit Leuven

Abstract. Machine learning has become an essential tool for analyzing
biological and clinical data, but significant technical hurdles prevent it
from fulfilling its promise. Standard algorithms make two key assumptions: the training data consist of independent examples and each example is described by a pre-defined set of attributes. Biomedical domains
consist of complex, inter-related, structured data, such as patient clinical histories, molecular structures and protein-protein interaction information. The representation chosen to store the data often does not
explicitly encode all the necessary features and relations for building an
accurate model. For example, when analyzing a mammogram, a radiologist records many properties of each abnormality, but does not explicitly
encode how quickly a mass grows, which is a crucial indicator of malignancy. This talk will describe an approach that automatically discovers
unseen features and relations from data, which has advanced the stateof-the-art for machine classification of abnormalities on a mammogram.
Presently most of the women identified for a possible malignancy on a
mammogram are called back unnecessarily, with concomitant stress, procedure (additional imaging and/or biopsy) and expense. This research,
which achieves superior performance compared to both previous machine
learning approaches and radiologists, has demonstrated the potential to
dramatically reduce this fraction without reducing the number of cancers
correctly diagnosed.

Overview
Statistical relational learning (SRL) [5, 6], which combines first-order logic with
probability, can model the complex, uncertain, structured data that characterizes clinical and biological domains. In these types of problems, the available
data often does not contain all the necessary features and relations for building an accurate model. However, most SRL algorithms are constrained to use
a pre-defined set of features and relations during learning. Requiring a domain
expert to hand-craft all relevant features or relations necessary for a problem
is a difficult and often infeasible task. Ideally, the learning algorithm should
automatically discover and incorporate relevant features and relations.
The Score As You Use (SAYU) algorithm [1–4] is a general SRL framework for
discovering new features and relations during learning. SAYU defines features

and relations as first-order logical rules and evaluates each one by building a
new statistical model that incorporates it. If adding the new feature or relation
improves the model’s predictive performance, then it is retained in the model.
SAYU has been successfully applied to several tasks, including diagnosing breast
cancer from structured mammography reports and predicting three-dimensional
Quantitative Structure-Activity Relationships (3D-QSAR) for drug design.
Labeling an abnormality as benign or malignant from a structured mammography report is a challenging task for both radiologists and machines. Previous
machine learning approaches to this problem are limited to using pre-defined features and ignore the relational nature of this task. However, a radiologist might
include derived features which incorporate data about other abnormalities on
the same mammogram or prior abnormalities in the decision process. SAYU,
which can construct additional features that incorporate relational information,
significantly outperformed radiologists, a hand-crafted Bayesian network system,
standard Bayesian network structure learners and other SRL systems [2, 4] for
this task.
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