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Introduction

As tumors are dynamic heterogeneous ecosystems, it is essential to study the underlying heterogeneity for a better understanding of
cancer biology. Currently, there is no framework to infer the causal mechanisms explaining effects of tumor heterogeneity on
disease outcome. We want to investigate the share of effect attributed to molecular mechanisms such as gene expression and
DNA methylation (DINAm) an epigenetic mechanism.

A tumor is composed of cancer cells and cells from the host tissue (stromal and immune components). During oncogenesis and cancer
progression, all those cells evolve heterogeneously. We want study intra-tumor heterogeneity, as it has a major impact on cancer cells
orowth, division, resistance and metastasis.

THEMA project will concentrate on one cancer: development of pancreatic ductal adenocarcinoma (PDAC). Incidence of
PDAC increases regularly in Western countries and is expected to become the second leading cause of cancer-related mortality by 2025.
According to our collaborators |3] PDACs are highly heterogeneous cancers, with an abundant differentiated stroma associated with
prognostic relevance.

Model

TIMC

e [dentify molecular mediators of
tumor heterogeneity, both at the
DNAm and gene expression level.

e Improve understanding of
carcinogenesis

e Offer perspectives developing new
biomarkers and personalized
therapeutic treatments.

Mediation analysis is a statistical approach for understanding the causal structure between an external exposure and a patient outcome, through the inclusion of mediator variables.

Classification based on heterogeneity will
be used as Exposure (X) and patients
survival associated analyses as Outcome
(Y) in our mediation approach.

Potential mediators will be DNAm and

gene expression. DNAm contributes to cell Gene ONA methyiation

type differentiation through the control of EXPOSITION (X) sk OUTCOME (Y)
gene expression and is often disrupted in . Molecular Features -

cancer. Therefore it presents a potential » !‘ !o N [,
therapeutic target. ! S I "
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for DNAm), so we will carry out high
dimensional mediation analysis.

Developping a New
multimodal high dimension
mediation analysis

framework to test to which
extent the effect of tumor
heterogeneity on disease
outcome is explained by
molecular features of the
tumor.

Method Preliminary Results

HDMAX 2: A framework for High Dimensional Mediation Analysis Our first mediation approach use:
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Only methylation markers will be proposed as potential mediators in first approach. Mediators Individual Indirect Effects and Overall Indirect Effect
HDMAX?2 [1] pipeline will be used for mediation analysis: "0 — i |
e Two succesive EWAS (Epigenome Wide association study) are performed using o Ai—
Lfmm (Latent Factor Mixed Model) algorithms (equation (1) and (2)). a—
e Detection of causal probes with max? test (3). } )
e Eistimation of individual indirect and overall indirect effects (4) -
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Improve this first approach with
categorial exposition and Cox
model (adapted for survival data)

Expand this model to study the
indirect effect of gene expression

Develop a statistical framework
to perform multimodal (gene
expression and DNAm) high
dimension mediation analysis

Test how the exposure to
therapeutic treatments affect the

identified indirect effects
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