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Combining different ‘omics’ data such as common genetic variation, DNA methylation, and gene expression may allow discovering new biological mechanisms of complex diseases. In the cancer field, the development and progression of a tumor is the consequence of multiple processes and alterations including gene aberrations, epigenetic changes, modifications in gene regulation, environmental influences, etc. To integrate all this information, advanced statistical techniques are being developed and novel techniques are continuously emerging. Moreover, interpretation and validation of new biological data becomes an important challenge. In this work, where large-sample statistics can no longer be used, we rely on variable selection methods such as the Least Absolute Shrinkage and Selection Operator (LASSO) approach and the Elastic Net method to obtain sparse models with better precision, accuracy and statistical power. These methods can control also for multicollinearity that may arise from high correlated ’omics’ features. Although promising in the context of high-throughput data, one of their drawbacks is that they do not provide p-values to assess statistical significance of relationships, nor give a formal assessment of the overall goodness-of-fit. Therefore, we adopted a permutation-based strategy to assess significance of discovered relationships combined with a FWER multiple testing correction approach (maxT algorithm) building upon the statistical concept of “deviance”. Our strategy was illustrated on the pilot Spanish Bladder Cancer/EPICURO study (27 bladder cancer cases recruited in 2 hospitals in Spain in 1997-1998). The aim was to assess how much the variability in gene expression was explained by DNA methylation and genome-wide SNP data measured in tumor samples. We detected significant genes when using SNP data and DNA methylation data individually to explain gene expression levels. Additional results were highlighted when combining the three data sets, suggesting the importance of integrating ‘omics’ data. Moreover, ENET selected different significant genes than LASSO, suggesting the difference in the correlation structure between and within DNA methylation and SNP data. In conclusion, applying advanced statistical methods and adopting novel strategies to integrate high-throughput data gives us the opportunity to gain new insights in the development and progression of complex diseases.


