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Average Training and Validation Loss over Epochs (Across Folds)
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Residual Loss for Different residual weight Values
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Total Loss for Different residual weight values
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Abstract

Recent advances in computational methods and the development of artificial intelligence tools,
particularly in deep learning and neural networks, have opened new horizons in the analysis and
prediction of complex problems across various fields such as engineering, fundamental physics
and biology. One of the most significant research challenges in this area is the study of tumor
growth in different tissues, which faces numerous difficulties due to biological complexities and
limited access to reliable clinical data.

This research, which focuses on the study of brain tumor growth, initially generates reliable
synthetic data by solving the partial differential equations governing the physics of the problem.
These data are utilized as a substitute for real-world data, which are less accessible due to
various limitations. Next, a Physics-Informed Neural Network (PINN) approach is applied,
utilizing the governing equations of tumor growth alongside available data sets to provide
accurate predictions of tumor dynamics over time and space.

The PINN network combines the simulation data, derived from the governing equations of tumor
growth, with deep learning to provide high-precision predictions of tumor progression.
Incorporating the physical laws that govern the physiological problem allows for predictions that
are more consistent with the actual behavior of tumor growth.

The goal of this study is to develop a model capable of simulating brain tumor growth and
predicting its temporal and spatial changes for both treatment and non-treatment cases, based on
limited available data without requiring very complex computational analysis. The results of this
model could serve as a valuable tool for medical teams in evaluating the effectiveness of
therapeutic methods.

Keywords: Brain Tumor Growth, Artificial Intelligence, Deep Learning, Physics-Informed
Neural Network
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