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OVERVIEW

Our Group is pursuing a better understanding of the mechanisms
behind the accumulation of genomic alterations in human tumours,
transforming this knowledge into actionable insights for cancer
diagnosis, prognosis, and treatment selection.

We specialise in developing computational methodologies, powered
by artificial intelligence (AI), to characterise the molecular processes
driving tumour development. By analysing the genomic patterns left
by these different processes—known as mutational signatures—and
integrating them with patient-specific clinical and epidemiological
data, we aim to implement prevention strategies and develop novel
clinical biomarkers.

Applying our methods to diverse cohorts of cancer patients, we
aim to enhance the current understanding of the mechanisms
underlying cancer initiation and progression across different
populations worldwide, ultimately leading to more precise and
equitable approaches to cancer care.

“Using Al-based methods, we
have revealed how bacterial
infections and air pollution
leave specific genomic
imprints in colorectal and
lung tumours, redefining
cancer aetiology.”

RESEARCH HIGHLIGHTS

Enrichment of a microbial mutational process in early-
onset colorectal cancer

This year, our group has made significant contributions to
understanding how environmental and microbial exposures shape
cancer development across diverse populations. In colorectal
cancer, we analysed whole-genome sequencing data from 981
tumours collected internationally to characterise geographic
and age-related differences in mutational processes. The results
showed that distinct patterns of mutagenesis were enriched in
early-onset colorectal cancer, particularly mutational signatures
SBS88 and ID18, associated with colibactin, a mutagen produced
by pks+ E. coli bacteria (Figure 1a). These findings provide new
evidence linking specific microbial exposures to early tumour
development and clarify how mutational processes differ across
age groups and populations.

Determining the impact of air pollution in lung cancer in
never smokers

We also contributed to alarge international study investigating the
genomic landscape of lung cancer in individuals who have never
smoked. By integrating mutational signatures and other tumour
genomic features, along with detailed epidemiological information,
we demonstrated that patients living in highly polluted regions
have shorter telomeres and higher mutagenesis, linked to specific
mutational signatures and 7P53 mutations (Figure 1b). These
observations expand prior evidence suggesting that air pollution
may not only act as a tumour-promoting inflammatory agent but
also as a mutagenic initiator.

Together, these findings highlight the power of mutational signatures
touncover the environmental and microbial factors contributing to
cancer aetiology. They also underscore the importance of combining
Al-based computational methods with genomic and epidemiological
approaches to understand cancer risk across populations and to
inform future prevention strategies. B

FIGURE 1 (a) Mutational signatures associated
with the bacteria-produced mutagen colibactin
are enriched in early-onset colorectal cancer
patients. (b) Increased levels of air pollution
(based on PM, ) are linked to higher mutation
burden, reduced telomere length, and enrichment
of specific signatures.
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