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Description of the PhD thesis project

Despite continuing medical advances, cancer has become the first cause of death in western
Europe and affects many patients with comorbid medical conditions such as diabetes,
hypertension and cardiovascular diseases, who are under-represented in clinical trials.

This highlights the need to directly analyze real life biological and medical data. While numerous
methods have been developed to identify correlations in such heterogeneous datasets, a central
challenge remains to uncover unsuspected cause-effect relationships from medical records. It is
now considered a priority to guide clinical understanding and treatments by novel and innovative
data analysis and computational methods. This project aims, more specifically, at identifying
possible causal relationships between breast cancer treatments and other seemingly unrelated
medications to circumvent detrimental interference or, on the contrary, leverage therapeutic
synergy between drug treatments and ultimately improve the clinical outcomes of breast cancer
patients.

The Isambert lab recently developed statistical and computational methods based on the analysis
of multivariate information which unify causal and non-causal network learning frameworks while
including the effects of unobserved latent variables. In this project, in collaboration with the Reyal
lab, Institut Curie, we will extend our causal inference approaches to the framework of deep
learning and generative adversarial network methods to obtain robust cause-effect inference.

To this end, generative adversarial network methods will be adapted to the context of
heterogeneous clinical data. In particular, the integration of categorical, continuous and textual
data requires novel methodological developments. As a proof-of-concept, we have performed a
preliminary causal analysis on a hand-curated dataset of 1,200 breast cancer patients, which will
be extended to about 2,700 patients and, eventually, to nearly 70,000 patients in the course of the
project.


https://science.institut-curie.org/research/multiscale-physics-biology-chemistry/umr168-physical-chemistry/team-isambert/
https://science.institut-curie.org/research/multiscale-physics-biology-chemistry/umr168-physical-chemistry/
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International, interdisciplinary & intersectoral aspects of the project

This interdisciplinary project involves i) theoretical developments and implementation of causal
inference analyses (based on information theory, computer science / machine learning and text
analysis approaches) applied to ii) the analysis of biological and clinical records from breast cancer
patients from Institut Curie Hospital.

Its international dimension concerns data visualization which will be developed in collaboration with
Federal Universities in Porto Alegre and Natal, Brazil, which have groups with strong expertise in
innovative data visualization.

The intersectoral component of the project will involve the Paris-based Quattrocento company,

which develops innovative text analysis approaches relevant for the extraction of meaningful
information from medical records.
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Expected profile of the candidate

Applicants should have a strong background in machine learning or computer science and a keen
interest to analyze complex heterogeneous data of biological and medical interests. Applicants
should be proficient in programming and willing to interact with scientists from different disciplines,
from data scientists to medical doctors. Applicants are expected to show a clear capacity for
independent and creative thinking. Experience on causal inference analysis is a plus but not required
as long as the applicant has a strong motivation to learn.



