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Trustworthy and robust digital twins rely on validated, high-fidelity physical and mathematical 
models. In this context, global sensitivity analysis (GSA) methods are valuable tools for 
understanding and validating complex models. They can help detect possible errors, 
suggest model simplifications, and support parameter estimation by identifying which 
parameters matter most.  
With the ambitious goal of contributing to the development of biological twins - digital 
counterparts that mimic human body's environment to allow for more personalized and 
effective immunotherapy testing - the work presented in this talk focuses on Cancer-on-Chip 
(COC) experiments [1]. 
An integro-differential mathematical model describing immune cell dynamics in COC 
experiments is explored through a two-step GSA approach, aiming both to validate the 
model and improve the parameter estimation. 
First, the revised version of the Morris (Elementary Effect) method, proposed by 
Campolongo et al., is applied to screen model parameters. This step verifies the feasibility 
of the assumed parameter distributions and identifies which parameters can be arbitrarily 
fixed without significantly affecting model’s output.  
Next, the remaining influential parameters are examined using the variance-decomposition-
based method eFast, which quantifies how much the output's variance can be attributed to 
each parameter individually, as well as to interactions among them.  
This combined approach provides valuable insights into the model’s behavior, supports 
validation, and highlights where efforts should be focused to improve predictive accuracy 
and reliability. 
 
References 
[1] Campanile, E., Colombi, A., Bretti, G., (2024). Two-step global sensitivity analysis of a 
non-local integro-differential model for Cancer-on-Chip experiments, Mathematical 
Biosciences, 378:109330. doi: 10.1016/j.mbs.2024.109330 
 


