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Abstract

Based on a logistic growth model, this study employs a predictive control strategy to optimize the dosages of chemotherapy and
anti-angiogenic drugs for controlling tumor growth. The method achieves precise and effective drug administration by minimizing
the cancer cell population and drug usage. Given the model’s nonlinearity and the constraints, its dynamic behavior is simulated in
Matlab. Using optimization software, the drugs’ effects are evaluated under model predictive control. The method’s embedded
optimization, guided by performance indices and fine-tuned parameters, enables optimal personalized dosing protocols, thereby
significantly improving therapeutic efficacy. Moreover, the method is robust to parametric uncertainties, noise, and disturbances,
maintaining effective tumor control. Simulations of a modified strategy confirm significant tumor volume reduction with optimized
drug use, minimizing side effects and enhancing treatment effectiveness. Even under environmental noise and disturbances, both
the cancer cell population and the drug dosage are substantially reduced. This advance not only improves patients’ quality of life but
also marks a major step toward advanced personalized cancer therapies.
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1. Short Introduction

Cancer remains a formidable global challenge, where conventional treatments often cause severe side effects and face limitations like drug
resistance. This study proposes an innovative model predictive control (MPC) strategy to optimize the simultaneous administration of chemotherapy
and anti-angiogenic drugs. Employing a logistic tumor growth model, the method aims to effectively suppress cancer progression while minimizing
drug dosage and associated toxicity. The designed personalized protocols demonstrate robustness against clinical uncertainties such as noise and
parameter variations. This work establishes an advanced, patient-specific framework for enhancing the efficacy and safety of cancer therapy.

2. Proposed Work

In this section, the proposed work including design, simulation results and discussion has been briefly explained and the most important findings
have been presented.

2.1. Control Framework Design

This work proposes a novel MPC framework for the simultaneous optimization of chemotherapy and anti-angiogenic drug dosing. The design is
centered on a five-state nonlinear logistic model that describes the dynamics between healthy cells (x;), cancerous cells (x2), endothelial cells (x3),
chemotherapy agent (y), and anti-angiogenic agent (w). The primary control inputs are the infusion rates of the two drugs (8, ¢). The MPC algorithm
solves a finite-horizon optimal control problem online at each step, minimizing a quadratic cost function (J) that penalizes deviations from the desired
state and excessive drug use, subject to critical safety constraints on states and inputs.

2.2. Simulation Methodology & Modlified Algorithm

The system was simulated in Matlab, with the optimization problem solved using the CasADi toolkit. An initial implementation revealed a practical
flaw: the optimal solution produced high drug peaks at the start of each 15-day treatment horizon, which is clinically infeasible. To address this, a
modified MPC algorithm was introduced. Instead of applying a full pre-computed 15-day sequence, only the first optimal control action is implemented.
The system's state is then updated, and this new state is used as the initial condition for the next optimization step, creating a receding horizon approach.
This modification generated smoother, clinically realistic dosing profiles.

2.3. Key Results and Discussion
The proposed MPC strategy demonstrated significant success across several metrics:

a) Effective tumor suppression: The population of cancer cells (x;) was driven to near-zero levels, while the healthy cell (x1) count was preserved
and recovered.

b) Optimal drug utilization: The modified algorithm generated smooth, non-impulsive drug infusion trajectories that minimized the total
administered dosage, thereby reducing the potential for systemic toxicity.

¢) Robust performance: Under simulated conditions of parameter uncertainty, measurement noise, and transient disturbances (applied between
days 32-37), the controller maintained stable performance and effective tumor control, confirming its robustness.

d) Comparative advantage: When compared to standard methods like the state-dependent Riccati equation (SDRE) control and the calculus of
variation, the proposed MPC provided superior performance with smoother control signals and no saturation at maximum dose limits.

In summary, the simulation results confirm that the designed MPC framework not only achieves the primary therapeutic goals but does so through a
safe, efficient, and adaptive protocol that is robust to real-world clinical variability. The modified implementation strategy was crucial for transitioning
from a theoretical optimum to a clinically applicable solution.

3. Conclusion

This study successfully developed a MPC framework for the simultaneous and personalized optimization of chemotherapy and anti-angiogenic
drug dosing. Simulation results demonstrated its efficacy in significantly suppressing tumor growth while minimizing drug usage and side effects. The
modified algorithm produced clinically feasible, smooth dosing profiles and maintained robust performance against uncertainties and disturbances.
This work provides a principled, adaptive strategy that advances the potential for intelligent, patient-specific cancer therapy protocols, bridging a
critical gap between control theory and clinical oncology.
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