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Abstract

The treatment of cancer and other immune-related disorders remains a major challenge in
modern medicine due to the highly complex, nonlinear, and uncertain dynamics of tumor-
immune interactions. Conventional chemotherapy and immunotherapy regimens often rely on
fixed or standardized drug dosage schedules, which frequently result in either insufficient
tumor suppression or severe toxicity to healthy tissues and the immune system itself. Such
static approaches fail to adapt to individual patient responses, leading to suboptimal
therapeutic outcomes and increased risk of side effects.

This project presents an intelligent Reinforcement Learning (RL)-based optimal drug
dosage control strategy for immune systems. The proposed framework models the tumor-
immune-drug interactions as a dynamic control problem and employs a critic-only
reinforcement learning architecture combined with a discounted non-quadratic
performance index. This approach effectively transforms the robust tracking problem with
input constraints and model uncertainties into an unconstrained optimal tracking control task.

The RL agent learns to determine the optimal drug dosage in real time by observing the
current state of tumor cell population, immune (effector) cell population, and drug
concentration. The system aims to drive the tumor burden toward a desired low or zero level
while maintaining immune cell counts within a safe and effective range, thereby achieving a
superior balance between therapeutic efficacy and toxicity minimization.

The framework was implemented and extensively evaluated using established mathematical
models of tumor-immune dynamics under various uncertainty conditions and dosage
constraints. Simulation results demonstrate that the proposed RL-based controller achieves
effective tumor suppression with significantly lower cumulative drug usage compared to
traditional fixed-dose strategies. It exhibits strong robustness to parameter variations and
external disturbances while preserving healthy immune function. This work offers a
promising foundation for developing adaptive, personalized, and intelligent drug dosing
systems in precision oncology and immunotherapy.

Keywords: Reinforcement Learning, Optimal Drug Dosage, Immune System Control,
Tumor-Immune Dynamics, Critic-Only Architecture, Chemotherapy Optimization, Robust
Adaptive Control, Personalized Medicine.
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I. Introduction

Cancer continues to be one of the leading causes of death worldwide, with millions of new
cases diagnosed annually. The human immune system plays a vital role in identifying and
eliminating abnormal or cancerous cells. However, tumors often develop sophisticated
mechanisms to evade immune surveillance or actively suppress immune responses, making
external therapeutic intervention essential. Chemotherapy and immunotherapy are widely
used treatment modalities, but their success heavily depends on the accurate determination
and timely administration of appropriate drug dosages.

Determining the optimal drug dosage is an inherently difficult task due to the highly
nonlinear, time-varying, and uncertain nature of tumor-immune-drug interactions.
Biological systems exhibit significant inter-patient and intra-patient variability influenced by
factors such as age, genetics, immune status, tumor heterogeneity, and environmental
conditions. Excessive drug dosage can lead to severe toxicity, including damage to healthy
organs, immunosuppression, and life-threatening side effects such as neutropenia and
cardiotoxicity. Conversely, insufficient dosage allows continued tumor growth and may
promote drug resistance.

The primary objective is to drive the closed-loop system toward a desired equilibrium point
where the tumor cell population is minimized and the immune cell population is maintained
at a healthy and functional level. By enabling real-time, adaptive, and personalized drug
dosing, the proposed strategy has the potential to improve treatment efficacy, reduce toxicity,
and enhance patient quality of life.

This work contributes to the emerging field of Al-driven precision medicine by
demonstrating how reinforcement learning can be effectively applied to complex biomedical
control problems, paving the way for smarter and more responsive cancer treatment systems.

Il. Literature Survey

e Chenetal. (2023) proposed RL-based drug dosage control with robust tracking.

« Padmanabhan et al. (2017) applied Q-learning for chemotherapy dosing.

e Mashayeknhi et al. (2024) used deep RL for continuous drug control.

e Zhao et al. (2009) explored adaptive dosing in clinical trials.

e Traditional control methods include PID and optimal control but lack adaptability.

These studies highlight the importance of adaptive and learning-based approaches in drug
dosage optimization.
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I11. Existing System & Proposed System

A .ExistingSystem

Traditional drug dosage strategies in cancer treatment and immunotherapy primarily rely on
fixed-dose regimens or clinician-driven adjustments based on standard protocols. These
approaches typically use body surface area (BSA), body weight, or predefined cycles (e.g.,
every 3 weeks) to determine the amount of drugs to be administered. In some advanced cases,
model-based control techniques such as Linear Quadratic Regulator (LQR), Model Predictive
Control (MPC), or PID controllers have been applied to tumor-immune mathematical models.

Most existing systems follow an open-loop or semi-open-loop structure, where the dosage
schedule is predetermined and rarely adjusted in real time according to the patient’s dynamic
response. Even when feedback is incorporated, it is usually limited to periodic clinical tests
interpreted manually by oncologists.

Key Characteristics of Existing Systems:

o Dosage is calculated using population-averaged pharmacokinetic/pharmacodynamic
models.

o Treatment follows standardized protocols such as the maximum tolerated dose
approach.

o Limited personalization based on individual patient conditions.

« Drug administration is often intermittent rather than adaptive.

Disadvantages of Existing Systems:

Lack of adaptability to patient-specific variations.

Poor handling of uncertainties in biological systems.
Suboptimal balance between tumor suppression and toxicity.
Delayed response due to manual intervention.

High risk of side effects and complications.

No learning from previous treatment outcomes.

Limited scalability for continuous monitoring systems.

NogakrwnpE

These limitations highlight the need for an intelligent, adaptive, and real-time dosage control
system.

B.ProposedSystem
The proposed system introduces a Reinforcement Learning-based optimal drug dosage
control strategy for immune systems. It formulates the drug dosing problem as a robust
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optimal tracking control task, where the objective is to minimize tumor cell population while
maintaining healthy immune cell levels.

The system uses a critic-only reinforcement learning architecture to approximate optimal
control policies. It employs a discounted non-quadratic performance index to handle
constraints such as maximum drug dosage and system uncertainties. The RL agent
continuously interacts with the tumor-immune model and learns optimal dosing strategies
without requiring a precise system model.

Key Features of the Proposed System:

Adaptive real-time dosage adjustment based on current system state.
Explicit handling of dosage constraints to prevent toxicity.

Robust performance under uncertainties and disturbances.

Model-free or semi-model-based learning capability.

Personalized treatment through patient-specific tuning.

Balanced optimization of tumor suppression and immune preservation.
Scalable architecture for advanced clinical applications.

Noogor~whPE

Advantages of the Proposed System:

Improved tumor suppression with reduced drug usage.
Enhanced patient safety by minimizing toxicity.

Robust and stable performance under varying conditions.
Faster convergence and efficient learning.

Real-time adaptability to dynamic biological changes.
Support for precision medicine and personalized therapy.
Reduced dependency on manual clinical intervention.

NookrwnpE

The proposed system represents a major improvement over traditional approaches by
enabling intelligent, adaptive, and patient-centric drug dosage control.

IV. System Design & Architecture

A. System Architecture
The system includes an environment model, RL agent, reward function, and
simulation module.
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B. Modules Overview

Admin

In this module, the Service Provider has to login by using valid user name and
password. After login successful he can do some operations such as View All
Users,View All Datasets,View All Datasets by Group of Dosage Control,View All
Dosage Control Activity Results,View All Medical Condition Results.

View and Authorize Users

In this module, the admin can view the list of users who all registered. In this, the
admin can view the user’s details such as, user name, email, address and admin

authorizes the users.

Remote User

In this module, there are n numbers of users are present. User should register before
doing any operations. Once user registers, their details will be stored to the database.
After registration successful, he has to login by using authorized user name and
password.Once Login is successful user will do some operations like Register and
Login, View My Profile,Upload Datasets,Find Dosage Control Results,Search
Medical Condition.

Table I: Technology Stack

\ Component H Technology / Tool \
IProgramming Language|[Python 3.8+ |
IRL Framework IPyTorch / TensorFlow |
Simulation [SciPy (ODE Solver) |
\Visualization [Matplotlib / Seaborn |
[Development Tool  |Jupyter / PyCharm |
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| Component | Technology/Tool |
Hardware |Standard PC (CPU/GPU)|
(Operating System Windows / Linux |

Table I1: Performance / Evaluation Summary

| Metric |Proposed RL Strategy|Fixed-Dose Strategy] =~ Remarks |
[Tumor Suppression |[Excellent [Moderate |Adaptive control |
immune Preservation|[High [Low IReduced toxicity |
IDrug Usage ILower [Higher |Efficient dosing |
IRobustness [High [Low [Handles uncertainties|
IConvergence Speed ||Fast [Not Applicable IRL-based learning |

FIG 1:-Home Page
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V1.Conclusion

This project successfully developed and demonstrated an intelligent Reinforcement Learning-
based optimal drug dosage control strategy for immune systems. By modeling the complex
tumor-immune-drug interactions as a dynamic optimal control problem, the system leverages
a critic-only RL architecture combined with a discounted non-quadratic performance index to
effectively handle input constraints, model uncertainties, and safety requirements.

The proposed approach addresses key limitations of traditional fixed-dose chemotherapy and
open-loop control methods. Simulation results confirm that the RL agent can achieve superior
tumor suppression while preserving healthy immune cell populations and significantly
reducing cumulative drug usage, thereby lowering the risk of toxicity. The critic-only
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structure proves computationally efficient and converges reliably even under parameter
variations and external disturbances, making the framework robust and practical for real-
world sce

Beyond performance improvements, this work contributes to the growing field of
personalized medicine and adaptive immunotherapy. The RL-based controller offers a data-
driven, adaptive solution that can potentially adjust drug dosages in real time based on
individual patient responses, moving away from one-size-fits-all treatment protocols toward
precision oncology.
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