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Colorectal cancer (CRC) represents a highly heterogeneous disease, with diverse molecular
subtypes, distinct tumor microenvironments, and complex interactions with host factors,
including the gut microbiome. Understanding this heterogeneity is essential for improving
patient stratification, optimizing treatment selection, and identifying novel therapeutic targets.

My habilitation thesis summarizes key developments in this field, highlighting contributions
from my research over the past years. My work has focused on refining CRC molecular
classification, biomarker discovery, and the integration of multi-omics data for improved
patient stratification and treatment selection.

I have selected 20 publications to contribute to this habilitation thesis illustrating my
contributions across bioinformatics and computational method development, biomarker
discovery and clinical translation. My specific roles in these works are summarized in the
following tables, detailing my involvement.

The studies included in this thesis combine methodological innovations, large-scale clinical
dataset analyses, microbiome research, and applications in preclinical models. A significant
part of my work has been dedicated to developing computational approaches for biomarker
identification, including novel feature selection methods, transcriptomic classifiers, and
integrative multi-omics analyses. These methods have been instrumental in defining clinically
relevant CRC subtypes, prognostic signatures, and predictors of therapy response. A key part
of this work has been also in image-based analysis of histopathological slides, particularly
focusing on tumor morphological heterogeneity. By combining quantitative histopathology
with molecular profiling, I have explored how spatial tumor characteristics correlate with
molecular subtypes and patient outcomes, offering novel insights into tumor aggressiveness
and risk stratification. My research interest has guided me into exploration of the role of
microbiome in the complex puzzle of the CRC heterogeneity and its involvement with tumour
microenvironment. Beyond computational analyses, my research has contributed to
preclinical model validation and translational applications. By applying molecular classifiers
to genetically engineered mouse models and patient-derived xenografts, I have helped bridge
the gap between computational predictions and experimental validation, ensuring that CRC
models accurately reflect human disease.

Throughout my career, I have played a leading role in both method development and
biological interpretation, working closely with interdisciplinary teams to translate
computational insights into clinically meaningful applications. I have also contributed
significantly to study design, data analysis, manuscript preparation, and research direction,
shaping multiple high-impact studies in CRC molecular characterization.

By presenting results across these interconnected themes, this thesis provides a cohesive
overview of CRC heterogeneity and demonstrates the role of integrative computational
methods in advancing both basic and clinical cancer research in CRC.
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