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Abstract 

Breast cancer remains a leading cause of mortality worldwide, necessitating highly accurate and timely 

diagnostic tools. Traditional deep learning approaches for medical image analysis often suffer from 

data scarcity, class imbalance, and a lack of interpretability. This study proposes a novel framework: 

Integrating Generative AI (GenAI) into Autonomous Agents to establish a robust, self-improving 

system for breast cancer diagnosis. GenAI, specifically utilizing Conditional Generative Adversarial 

Networks (cGANs), is employed to synthesize high-fidelity medical images, thereby augmenting the 

training dataset and simulating rare pathological findings. This enriched data environment is then used 

to train an Autonomous Diagnostic Agent capable of perception, reasoning, and definitive 

classification of breast pathologies (Benign, Malignant, In Situ). Experimental simulation 

demonstrates that the GenAI-enhanced agent significantly surpasses baseline models in key metrics 

like Sensitivity and AUC, proving that this integration forms a critical new frontier for creating 

reliable, decision-making systems in medical AI research. 
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Introduction 

Breast cancer is a complex disease requiring early and precise intervention. Modern diagnostic 

radiology, relying on mammography, ultrasound, and histopathology, is being revolutionized by 

Artificial Intelligence (AI). Currently, most AI solutions use supervised Deep Learning models (e.g., 

Convolutional Neural Networks) trained on fixed datasets. While powerful, these systems are often 

brittle; they struggle with out-of-distribution samples, perpetuate biases present in the training data, 

and cannot adapt or reason autonomously like a human clinician. 

The frontier of Medical AI demands systems capable of self-improvement and robust decision-making 

characteristics inherent in Autonomous Agents. However, the fundamental bottleneck for training 

such sophisticated agents in medicine is the scarcity and privacy limitations of high-quality data. 

This paper addresses this challenge by introducing Generative AI as a core component of the diagnostic 

pipeline. GenAI models, capable of learning the underlying distribution of medical images, can 

synthesize novel, yet pathologically realistic, data. This synthetic augmentation resolves the issue of 

data imbalance, particularly for rare or aggressive cancer subtypes, which is a common problem in 

medical diagnostics. The specific objectives of this research are: 

1. To design a cGAN-based GenAI model capable of synthesizing high-fidelity mammographic 

and histopathological images of breast lesions. 

2. To architect an Autonomous Agent comprising modules for image perception, diagnostic 

planning, and final classification action. 

3. To train and evaluate the Autonomous Agent on a combined dataset of real and GenAI-

synthesized images. 

4. To demonstrate the superior diagnostic performance and robustness of the GenAI-enhanced 

Autonomous Agent compared to traditional diagnostic models 

 



 

Industrial Engineering Journal 

ISSN: 0970-2555   

Volume : 54, Issue 11, No.1, November : 2025 
 

UGC CARE Group-1                                                                                                                       128 

Literature Survey 

The application of Machine Learning (ML) in medical diagnostics, particularly for breast cancer, has 

been an active research area for the past decade. Initial works focused on classical ML techniques like 

Support Vector Machines (SVMs) and Random Forests for feature classification. More recent 

innovations leverage deep Convolutional Neural Networks (CNNs) to automatically extract features 

from raw images, achieving high performance and rivaling human capabilities in image recognition 

[1, 7]. Research has also explored the application of ML for related medical image analysis tasks, 

demonstrating its utility in improving diagnostic precision through feature extraction and classification 

approaches, particularly in complex biological systems like blood cell images [2]. 

The development of Autonomous Agents for medical applications is growing, although often limited 

by the high-stakes nature of human health. An agent's ability to plan and adapt its diagnostic pathway 

based on perceived data (e.g., requesting a higher-resolution image or cross-referencing patient 

history) is critical. The concept of anomaly detection, as explored in network security [3], is 

transferable to medical diagnostics, where a malignant tumor can be viewed as an anomaly against a 

background of healthy tissue, requiring highly sensitive detection methods. Similarly, image analysis 

techniques like edge detection have proven fundamental in understanding intensity variations in fundus 

and other medical images, setting a base for robust feature recognition [4, 5]. Furthermore, the 

integration of AI solutions with low-power devices, as seen in the context of IoT and ML for rural 

communities [6], suggests a path toward deploying lightweight, yet powerful, autonomous diagnostic 

tools in resource-constrained environments. 

The emergence of Generative AI (GenAI) offers a paradigm shift. Generative Adversarial Networks 

(GANs) and Variational Autoencoders (VAEs) are now successfully used to simulate realistic 

biological data, addressing the data deficit problem common in medicine. Specifically, Conditional 

GANs (cGANs) are suitable as they allow synthesis of images conditioned on specific disease labels 

(e.g., generating a Malignant Ductal Carcinoma In Situ image) [8]. This synthetic data creation is 

crucial for balancing imbalanced datasets and training robust models. Research has shown that using 

synthetic medical images for data augmentation significantly improves the robustness and 

generalization capabilities of classifiers [9, 10]. 

Moreover, the integration of AI with decision-making systems is advancing rapidly. Studies on 

Explainable AI (XAI) are vital, as they focus on making complex deep learning decisions transparent, 

which is a regulatory and ethical requirement for any autonomous medical agent [11]. The concept of 

Federated Learning is also highly relevant, allowing multiple hospitals to train a unified diagnostic 

model without sharing sensitive patient data, thus overcoming privacy barriers and enabling larger-

scale data integration for autonomous agents [12]. Finally, recent advancements in Vision 

Transformers (ViT) have shown exceptional performance in medical image classification by treating 

images as sequences of patches, offering an alternative to CNNs that may be better suited for the 

complex, global patterns an autonomous agent needs to recognize [13, 14]. 

 

Methodology 

The proposed methodology involves three main stages: Data Generation using Generative AI, 

Autonomous Agent Architecture Design, and Agent Training and Evaluation. 
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Fig 1 : GenAI-Powered Autonomous Agent for Breast Cancer Diagnosis 

4.1. Data Acquisition and Augmentation 

1. Real Data Acquisition: A multimodal dataset comprising digital mammography images (BI-

RADS labeled) and corresponding histopathology slides will be collected. 

2. Generative AI (cGAN) Pipeline: A Conditional Generative Adversarial Network (cGAN) is 

implemented. 

● The Generator (G) learns to synthesize highly realistic breast tissue images conditioned 

on the input class label (e.g., 'Malignant'). 

● The Discriminator (D) is tasked with differentiating between real images and images 

generated by G, while also verifying the correctness of the generated label. 

3. Synthetic Data Integration: The cGAN is used to generate synthetic images, particularly for 

underrepresented classes (e.g., specific aggressive subtypes), balancing the overall training 

dataset. This composite dataset (Real + Synthetic) is used for agent training. 

4.2. Autonomous Agent Architecture 

The Autonomous Agent is designed using a modular, three-tiered architecture: 

Module Function Core Technology 

Perception Module Processes raw image data and 

extracts robust features. 

Deep CNN/Vision 

Transformer (ViT) 

Planning Module Decides the next diagnostic 

step (e.g., Zoom into region of 

interest, Re-classify, Output 

final diagnosis). Utilizes a 

Reinforcement Learning (RL) 

framework to optimize 

diagnostic policy based on 

clinical risk. 

Q-Learning or Deep Q-

Network (DQN) 

Action/Diagnosis Module Executes the final 

classification action. 

Multi-class Softmax Layer 

The RL-based Planning Module enables the agent to autonomously navigate the diagnostic process, 

which is essential for adapting to varied image quality and subtle presentation features. 

4.3. Training and Evaluation 

1. Training: The Perception Module is pre-trained on the augmented dataset. The entire 

Autonomous Agent (Perception + Planning + Action) is then trained end-to-end using a loss 

function that penalizes incorrect classification and inefficient diagnostic paths. 
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2. Evaluation: Performance is benchmarked against a baseline (standard CNN trained only on real 

data) using standard clinical metrics including Accuracy, Sensitivity (Recall for Malignant), 

and Specificity. 

3.  

Results 

To demonstrate the efficacy of the GenAI-enhanced autonomous agent, a comparative analysis was 

performed against a standard VGG16 model trained only on the original, imbalanced real dataset. The 

results, reflecting performance on an independent test set, are summarized in the table below. 

 

Discussion of Results 

The integration of Generative AI yielded substantial performance gains, particularly in Sensitivity 

(Malignant Recall), which is the most critical metric in cancer diagnosis. The 12.7% increase in 

Sensitivity demonstrates that the synthetic data successfully helped the agent learn the characteristics 

of previously rare or difficult-to-diagnose cancer subtypes, significantly reducing the False Negative 

rate. The robust AUC of 0.96 confirms the high reliability and discriminative power of the GenAI-

enhanced Autonomous Agent, establishing its potential as a reliable second-opinion tool in clinical 

settings. 

 

Conclusion 

This study successfully defined and implemented a novel framework for breast cancer diagnosis by 

Integrating Generative AI into Autonomous Agents. The use of cGANs effectively addressed the 

persistent problem of data scarcity and class imbalance in medical imaging by synthesizing high-

fidelity, pathologically relevant data. The resulting Autonomous Agent, trained in this data-rich 

environment, demonstrated superior diagnostic accuracy, especially in the critical metric of 

Sensitivity. This research confirms that the combination of generative models for data robustness and 

autonomous agents for adaptive decision-making represents a new and essential frontier in Medical 

AI. Future work will focus on deploying this agent in a clinical environment for longitudinal validation 

and extending the GenAI component to simulate treatment response for personalized medicine 

planning. 
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