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The Intertox project



Context: Breast cancer 
survivorship



Cancer survivorship

• Cancer survivor: any
person with history of 
cancer, from time of 
diagnosis and for the 
remainder of life.1

• Need to focus on 
minimizing the physical, 
psychological and social 
burden of surviving
breast cancer
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Definition and demography

1. Rowland and Baker, 2005, Cancer



Cancer survivorship
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The CANTO cohort for breast cancer toxicities

Ferreira et al., 2019, Annals of oncology



Cancer survivorship
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Prevalence of toxicities related to quality of life 
until 3 years after diagnosis

Ferreira et al., 2019, Annals of oncology

N= 4,262 BC patients from the French 
CANTO cohort



Interdisciplinary effort to 
better understand and 

communicate breast cancer 
toxicities
Intertox



Objectives of the Intertox project
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Aim 1
• Predict the evolution of the quality of life and its main dimensions after
breast cancer (BC) 
• Identification of biomarkers associated with deterioration of quality
main dimensions after BC

Available data
• Outcome: Quantification of the quality of life and its dimensions using
EORTC-QLQ-C30 questionnaire.
• Variables: 

• Clinical data for 10,000 patients until 4 years after diagnosis
• 21 inflammatory proteins measured in 1,500 patients before
• ~500 proteins quantified in two independent hyper-reaction
mass spectrometry analyses conducted on the plasma of 462 and 
538 patients respectively, before treatment.
• ~600,000 germline SNPs in 7,000 patients 
• Future metabolomics analysis on 1,000 patients



Objectives of the Intertox project
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Aim 2: in collaboration with Maison des  Sciences 
de l’Homme

• Communicate the risk of QOL degradation

Requirements

• Interpretability, or even explainability, of the predictive models
• Acceptability assessed by focus groups with patients and care providers



Case study: 
Prediction of cancer-related 

fatigue



Prediction of cancer-related fatigue
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Prevalence of fatigue and clinical model

Di Meglio et al., 2022, Journ of clinical oncology

Prevalence of global fatigue
at year 0,1,2,3

Logistic regression with clinical variables 
selected by augmented backward elimination



Prediction of cancer-related fatigue
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Using serum proteins

𝑦!"#$%&'|𝑥()$*, 𝑥+,-# ∼ 𝐵𝑖𝑛(𝜎(𝛽()$*. 𝑥()$* + 𝛽+,-# . 𝑥+,-#))  

Observation model

Variable selection: augmented backward elimination AUC = 0.78 (0.75-0.82)
Clinico-bio-behavioral model of pre-treatment predictors of severe global fatigue at T2, 

incorporating circulating inflammatory biomarkers (N=1153)
Adjusted OR* (95% CI)

Age, per additional 1 year 0.98 (0.96-0.99)
BMI, per additional unit 1.02 (0.99-1.06)
Current smoker, vs never 2.27 (1.47-3.51)
Former smoker, vs never 0.97 (0.64-1.46)
Anxiety case, vs normal 1.13 (0.75-1.70)
Doubtful anxiety, vs normal 1.11 (0.73-1.68)
Pre-treatment Insomnia**, per additional 10 points 1.09 (1.04-1.15)

Pre-treatment Pain**, per additional 10 points 1.10 (1.01-1.18)
Severe pre-treatment CRF **, vs no 4.70 (3.13-7.05)
IL6*** 1.72 (1.25-2.36)
IL1RA*** 1.24 (0.85-1.81)
IL2*** 1.43 (0.99-2.08)
IFNg*** 0.54 (0.30-0.95)
IL10*** 0.40 (0.18-0.87)
IL4*** 1.47 (0.67-3.20)
IL8*** 1.15 (0.83-1.60)
OR= Odds Ratio; CI= Confidence Interval; *by all factors in Table plus anxiety (HADS); **QLQ-C30; ***per log-unit
increase



Parenthesis on HRM mass spectrometry
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For discovery proteomics

Characteristics of the post-processed data:
• Relative abundance (with errors) of a given peptide in the sample
• 2nd source of error: mis-identification of a peptide
• Highly dimensional (7,324 quantified peptides for each patient)

Bruderer et al., 2015, Molecular and cellular proteomics



Prediction of cancer-related fatigue
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Using proteomics and Group-adaptive Lasso

Peptides selection: Group-adaptive Lasso
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Belhechmi et al., 2020, Bioinformatics



Prediction of cancer-related fatigue
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No peptides selected for fatigue at T2

Number of selected peptides

Leave-one-out cross-validation
of 𝜆



Prediction of cancer-related fatigue
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Fatigue at T1 predicted with selected peptides



Conclusion
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Next steps concerning the ML part of the Intertox
project

• Check the results on an independent analysis (problem of the imputation of the 
undetected peptides)
• Multi-omics integration
• Combination of models for different outcomes (fatigue, QOL) in 
a decision aid tool.
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