Spatio-temporal Prediction of Tumor Evolution with uncertainty
quantification using evidential machine learning

Radiotherapy is one of the standard treatments for tumors. However, nearly 20% of patients
do not respond to it, leading to suboptimal outcomes. To better understand the mechanisms
of resistance and predict treatment response before administration, extensive research is
being conducted in medicine.

This thesis aims to develop new machine learning (ML) methods to optimize radiotherapy and
patient monitoring by leveraging multimodal and longitudinal data. The objective is two-fold:

e Predict tumor evolution at the pixel or voxel level based on longitudinal multimodal
datasets.

e Assess therapeutic response at the patient level to adjust treatment strategies during
the protocol.

These predictive models rely on the analysis of diverse data types, including medical images
(MRI, PET, etc.), biomarkers, and clinical parameters collected at different follow-up time
points. A key challenge for their clinical application lies in managing uncertainties. Although
multimodal data fusion and uncertainty quantification have been explored in medical imaging
[1, 2], pixel-wise or voxel-wise prediction of tumor evolution remains under-investigated [3,
4, 5].

Evidential ML is an approach to ML based on the theory of belief functions, which provides a
robust framework to simultaneously model prediction uncertainties and fuse heterogeneous
data [6]-[9]. Recently, it has been to medical image segmentation [10, 11]. This thesis will
therefore explore fusion methods based on this theory to build robust predictive models that
account for uncertainty quantification in predictions, thereby supporting clinical decisions.

The expected outcomes will contribute to more personalized medicine, improving treatment
effectiveness while reducing associated risks. The validation of the proposed system will be
carried out in collaboration with the Hospital Center of Rouen.

This PhD thesis will be supervised by Professor Thierry Denoeux (Université de Technologie
de Compiégne) and Professor Su Ruan ( University of Rouen Normandy) as part of a
collaboration between the two laboratories Heudiasyc and AIMS.

References

[1] Kazi Sultana Farhana Azam, Oleg Ryabchykov, Thomas Bocklitz. A Review on Data
Fusion of Multidimensional Medical and Biomedical Data. Molecules, 2022 Nov
2;27(21):7448. doi: 10.3390/molecules27217448.

[2] Ke Zou, Zhihao Chen, Xuedong Yuan, Xiaojing Shen, Meng Wang, Huazhu Fu. A review
of uncertainty estimation and its application in medical imaging. Meta-Radiology,
Volume 1, Issue 1, 2023, 100003.

[3] Tongxue Zhou, Alexandra Noeuveglise, Romain Modzelewski, Fethi Ghazouani,
Sébastien Thureau, Maxime Fontanilles, Su Ruan. Prediction of Brain Tumor Recurrence


https://doi.org/10.3390/molecules27217448

[4]

[5]

[6]

[7]

[8]

[9]
[10]

[11]

Location Based on Multi-modal Fusion and Nonlinear Correlation Learning.
Computerized Medical Imaging and Graphics, Volume 106, June 2023, 102218.
Hongmei Mi, Caroline Petitjean, Pierre Vera, Su Ruan, « Joint Tumor Growth Prediction
and Tumor Segmentation on Therapeutic Follow-up PET Images », Medical Image
Analysis, Volume 23, Issue 1, Pages 84-91, July 2015.

Benoit Sauty, Stanley Durrleman. Progression models for imaging data with
Longitudinal Variational Auto Encoders. MICCAI 2022, Sep 2022, Singapore.

Thierry Denoeux. Quantifying Prediction Uncertainty in Regression using Random Fuzzy
Sets: the ENNreg model. IEEE Transactions on Fuzzy Systems, Vol. 31, Issue 10, pages
3690-3699, 2023.

Z.Tong, Ph. Xuand T. Denoeux. An evidential classifier based on Dempster-Shafer theory
and deep learning. Neurocomputing, Vol. 450, pages 275-293, 2021.

Thierry Denoeux. Uncertainty Quantification in Regression Neural Networks using
Evidential Likelihood-based Inference. International Journal of Approximate Reasoning,
Vol. 182, 109423 2025.

Chaoyu Gong, Zhi-gang Su and Thierry Denoeux. Multi-view Evidential K-NN
Classification. Information Fusion, Volume 120, 103113, 2025.

Ling Huang, Su Ruan and Thierry Denoeux. Application of belief functions to medical
image segmentation: A review. Information Fusion, Vol. 91, Pages 737-756, 2023.

Ling Huang, Su Ruan, Pierre Decazes and Thierry Denoeux. Deep evidential fusion with
uncertainty quantification and reliability learning for multimodal medical image
segmentation. Information Fusion, Vol. 113, 102648, 2025.

Abstract in Chinese:
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