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OVERVIEW

The Genetic and Molecular Epidemiology Group (GMEG) focuses
onbladder and pancreatic cancers, with an emphasis on translating
etiological insights into clinical and public health impact. Our work
is distinguished by methodological innovation in multimodal data
integration, combining omics layers with advanced image-derived
features. We develop AI-driven frameworks to address key challenges
inintegrative epidemiology, including data harmonisation, feature
selection, and robust validation across heterogeneous data sources.
By leveraging high-dimensional biomarkers and imaging analytics,
we refine exposure assessment, genetic susceptibility profiling, and
outcome prediction. Our strategy centres on:

- Disentangling genetic and non-genetic determinants and their
interactions across molecular subphenotypes.

- Building scalable, interpretable AT and statistical models that
integrate epidemiological, clinical, omics, and imaging data.

- Evaluating interventions using rigorously validated biomarkers
and predictive algorithms to advance precision prevention
and care.

“We have pioneered the
use of a high-performance
deep learning model to
predict metastasis in
patients with pancreatic
cancer based on abdominal
CT image analysis.”
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RESEARCH HIGHLIGHTS

Research findings

In 2025, GMEG made important contributions to pancreatic cancer
(PC) research with three seminal publications. First, a CNN-based
model (PMPD) was developed to predict metastatic disease in PC using
portal-venous-phase contrast-enhanced CT of the primary tumour.
The model was trained on data from PC patients across two geographic
settings and externally validated in two independent cohorts. PMPD
showed strong performance, consistent across metastaticsites (Figure
1). A derived Metastasis Risk Score (MRS) significantly predicted
overall survival and outperformed the NCCN resectability criteria
and CA19-9. It also anticipated short-term metastatic progression.
Theseresults support robust, generalisable imaging-based prediction
of metastasis in PC.

The second study investigated the role of complement system (CS)
genes in PC susceptibility and prognosis. SNPs across 111 CS-related
genes were analysed in the PanGenEU study and validated in the
UK Biobank. Functional exploration was conducted using TCGA
and ICGC data. Variants in FCNI and PLAT were associated with
PC risk. Gene expression analyses showed that higher levels of
IGHG3,IGKC,IGHM, F2R, F2RL2, CFI, A2M, and C4A correlated
with improved survival and increased infiltration of CD8+ T cells,
B cells, and Thl cells, whereas higher levels of FGA, SERPINE]I,
FGG, and F3 were linked to poorer outcomes, Treg enrichment,
and reduced CD8+ cells. These findings highlight CS-related
genetic variation as a determinant of PC risk and prognosis via
immune modulation.

In the third study, we developed a consensus molecular classifier
for PC by integrating tumour and stromal transcriptomic features.
mRNA data from 514 PC samples were harmonised and classified
using existing taxonomies, and machine learning models were
optimised to assign subtypes. A consensus framework based on
similarity networks and Markov clustering identified robust tumour
(Consensus Classical vs. Non-Classical) and stromal (Consensus
Normal-Immune vs. Activated-ECM) classes, with Elastic-Net and

Random Forest achieving high performance (Figure 2). Tumour
subtypes showed consistent prognostic value, with Non-Classical
tumours linked to poorer survival, whereas stromal associations
were less stable. The resulting PDAConsensus classifier enables
single-sample classification and improves prognostic stratification
for precision oncology.

Furthermore, GMEG has continued to investigate the roles of
metabolic syndrome and atopic conditions in PC risk, including
the microbiome and metabolome. Liquid biopsy, for both PC early
detection and minimal residual disease, is a key focus of our PC
research interests.

In bladder cancer (BC), GMEG has contributed to national and
international collaborations to characterise the tumour’s genomics
and microbiome. We have also made progress in H&E image
analysis and multimodal integration. Among these contributions
is a comprehensive genomic characterisation of early-stage BC,
aimed at clarifying the molecular landscape underlying tumour
initiation and progression.

Methodological contributions

Over the past year, members of GMEG have benchmarked
multimodal integrative models for liquid biopsy data to provide
guidance in the field. The Group also focused on H&E image analysis
using Graph Neural Networks (GNNs), achieving better performance
than other deep learning methods. We have also begun exploring
Foundation Models for image, epidemiological, and clinical data
for classification and risk prediction.

FIGURE 1 Performance of the PMPD
model for binary classification of the
presence/absence of metastases at the
patient level. (A) Overview of the binary

classification study setup. (B) AUROC
displays predictions on the external
RUMC-PANCAIM and PROPANCI-DPCG
validation sets.

Translational activities

GMEG actively supported several clinical trials on immunotherapy
in BC at the methodological level. We continued to sustain the
European Registry of PC (PancreOS) and led the Research Work
Stream of Pancreatic Cancer Europe (PCE). We actively participated
in the European Society of Liquid Biopsy (ESLB). We chaired the
Spanish Alliance for Pancreatic Cancer Research (ALIPANC) to
accelerate the translation of research findings into clinical and
public health practice. B

FIGURE 2 Consensus classes derived
from applying the Markov Clustering
Algorithm over the network of Cohen’s
kappa indices between the subtypes of
each classification.
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