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Abstract. We present prediction models for survival times built from high dimensional gene 
expression data. The challenge is to construct models that are complex enough to have high 
prediction accuracy but that at the same time are simple enough to allow biological 
interpretation. 

Typical univariate approaches use single genes as covariates in survival time models, 
multivariate models perform dimension reduction through gene selection. Analysis of time-
dependent ROC curves and the area under the curves (AUC) can be used to assess the 
predictive performance (Gui and Li, 2005). 

We present models with higher interpretability by combining genes to gene groups (biological 
processes or molecular functions) and then using these groups as covariates in the survival 
models. The hierarchically ordered ”GO groups” (Gene Ontology) are particularly suitable. 
Cox models are used for detecting covariates that are significantly correlated with survival 
times. Based on these models statistical shrinkage procedures like Lasso-Regression are 
applied for variable selection. We make use of the R package penalized (Goeman, 2008) 
that provides algorithms for penalized estimation in generalized linear models, including 
linear regression, logistic regression and the Cox proportional hazards model. 

Our aim is the combination of methods for survival prediction with biological a priori 
knowledge. First, we compare the prediction performance of models using single genes as 
covariates with models using gene groups as covariates on several real gene expression 
datasets. First results indicate that models built with gene groups alone have decreased 
prediction accuracy since many genes are not yet annotated to their corresponding functions. 
However, adding gene groups as covariates to models built from single genes improves 
interpretability while prediction performance remains stable. 

In a next step, we integrate GO graph structure in the models (Alexa, Rahnenführer and 
Lengauer, 2006) in order to cope with the high correlations between neighboring GO groups.  
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