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Abstract 

Breast cancer is a prevalent malignancy affecting millions globally, necessitating early detection to 

enhance survival rates.This research paper explores the transformative role of artificial 

intelligence (AI) in improving breast cancer detection through advanced medical imaging 

techniques.It delves into various AI tools, such as machine learning algorithms and deep learning 

models, that analyse mammograms, ultrasound, and MRI scans with high accuracy, aiding 

radiologists in identifying abnormalities and predicting malignancy.The paper reviews recent 

advancements, methodologies, and performance metrics of AI applications in breast cancer 

diagnostics, highlighting their potential to minimize false positives and negatives, standardize 

image interpretation, and enhance overall diagnostic quality. 
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Introduction 

Breast cancer is a type of cancer that begins in the cells of the breast. It most commonly affects women, 

though men can also develop breast cancer. The cancer typically starts in the milk-producing glands 

(lobules) or the milk ducts (tubes that carry milk from the lobules to the nipple). In some cases, it may 

also begin in the tissue surrounding the ducts and lobules.[2] 

 

Fig.1.Ratio Of Breast Cancer In India State wise[26] 
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Early detection is crucial for improving survival rates and enhancing treatment outcomes. In recent 

years, artificial intelligence (AI) has emerged as a transformative tool in medical imaging, particularly in 

the field of breast cancer detection. AI-powered systems, such as machine learning algorithms and deep 

learning models, are being utilized to analyze mammograms, ultrasound, and MRI scans with 

remarkable accuracy. These tools can assist radiologists in identifying abnormalities, classifying lesions, 

and predicting the likelihood of malignancy. By reducing human error, minimizing false positives and 

negatives, and providing more detailed analyses, AI has the potential to revolutionize breast cancer 

screening and diagnosis. This paper explores the role of AI in breast cancer detection, highlighting 

recent advancements, clinical applications, and the future potential of AI-driven technologies in 

improving early diagnosis and patient outcomes.[2,3] 

Research Objectives 

Nowadays, AI tools are increasingly utilized in radiology departments to analyse X-rays, CT scans, and 

MRIs. This technology is instrumental in detecting heart attacks and diagnosing cancer, particularly 

breast cancer. AI's accurate predictions and ability to reduce false positive and negative rates are 

transforming diagnostic processes. Some tools go further, describing the type of cancer, identifying 

abnormal tissue growth, monitoring changes in heart rate, and detecting other medical conditions. 

Furthermore, AI is being developed to quantify the extent of diseases, such as measuring tumour 

volumes. This allows for more precise monitoring of disease progression and treatment response. The 

integration of AI also helps in standardizing image interpretation, minimizing inter-observer variability, 

and ensuring consistent diagnostic quality across different healthcare settings. 

This review paper primarily focuses on the application of AI tools in disease diagnosis, specifically 

breast cancer detection. We will explore the AI tools employed, their performance metrics, and 

methodologies for analysing tissues in breast cancer detection. This paper reviews the methods, tools, 

challenges, and future scope of AI in this critical area, including how AI algorithms analyse 

mammography, digital breast tomosynthesis (DBT), and thermal scanning for breast cancer. 

Furthermore, we will review how AI models, such as convolutional neural networks (CNNs), recurrent 

neural networks (RNNs), and other deep learning architectures, are used to track and predict cancer 

progression, and discuss their strengths and limitations in these applications. Specifically, we will 

examine how AI analyses mammographic images for microcalcifications and masses, DBT for 3D lesion 

characterization, and thermal images for temperature anomalies indicative of tumour angiogenesis. The 

review will also address the importance of data pre-processing, feature extraction, and model validation 

in achieving accurate and reliable results. Finally, we will examine the ethical considerations 

surrounding AI in healthcare, including data privacy, algorithmic bias, and the need for clinical 

validation, and discuss the potential for AI to revolutionize early disease detection and personalized 

medicine. 

Literature Review 

A comprehensive literature review, encompassing prior research papers and relevant websites, was 

conducted to explore existing methodologies for breast cancer detection. This investigation revealed a 

significant prevalence of Artificial Intelligence (AI) applications within these medical domains. Notably, 

Artificial Neural Networks (ANNs) and Convolutional Neural Networks (CNNs) emerged as the 

primary techniques employed for the analysis and detection of these diseases.We meticulously examined 
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the employed computational tools, feature enhancement techniques, and identified inherent limitations. 

This analysis aimed to provide a comprehensive overview of the current state-of-the-art, highlighting 

areas for potential advancement in diagnostic fields. 

Breast Cancer Detection Using AI Tools 

 Overview Of Breast Cancer 

Breast cancer represents a significant global health challenge, ranking as the most frequently 

diagnosed malignancy among women and the second leading cause of cancer-related mortality. 

We're seeing a dangerous increase in this disease, according to WHO data, approximately 2.29 

million new cases reported in 2024 accompanied by a staggering 666,000 deaths. Traditional 

diagnostic modalities, such as mammography, Magnetic Resonance Imaging (MRI), and 

ultrasound, have historically served as the primary screening tools. However, these methods are 

not without limitations. They necessitate highly skilled and trained radiologists for accurate 

interpretation, introducing a degree of inter-observer variability. Furthermore, these techniques 

are susceptible to a high incidence of both false-positive and false-negative results, impacting 

diagnostic accuracy and potentially leading to unnecessary interventions or delayed treatment. 

Specifically, mammography sensitivity can be reduced in women with dense breast tissue, while 

MRI, though highly sensitive, is costly and time-consuming. Ultrasound, while non-invasive, is 

operator-dependent and may miss subtle lesions. These limitations underscore the urgent need 

for more robust and automated diagnostic approach[1] 

 AI Tools Used For Detection 

AI, especially through advanced deep learning algorithms, has the ability to analyse large 

datasets efficiently, enabling the detection of subtle patterns in medical images that may be 

missed by the human eye. This significantly enhances diagnostic accuracy, particularly in the 

identification of tumours. AI-powered computer-aided detection (CAD) systems play a crucial 

role by improving the precision of tumour identification and assisting in differentiating between 

benign and malignant lesions, ultimately reducing unnecessary biopsies.Artificial intelligence 

enables computers to mimic human behaviour, such as learning and decision-making. By training 

on vast amounts of data, AI systems can recognize patterns and, once trained, make predictions 

on new data. In the case of mammograms, technicians feed AI software with hundreds of 

thousands or even millions of mammogram images. The AI creates mathematical models 

representing normal and cancerous mammograms, using these standards to evaluate new images. 

As the system processes more data over time, it continues to improve in accuracy, leading to 

better diagnostic outcomes.[3] 

 Need Of AI In Breast Cancer 

The imperative for early and accurate breast cancer detection cannot be overstated. Breast cancer 

remains the most prevalent form of cancer worldwide, affecting over two million individuals 

annually . The ability to identify the disease in its nascent stages dramatically improves patient 

prognosis. In fact, early detection elevates the five-year survival rate to over 99%,The unique 

abilities of AI to process intricate image data and learn from vast repositories of information 
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position it as a highly promising solution to address the existing limitations inherent in traditional 

breast cancer detection methods.[11,12,13] 

 

Fig.2.Working Of AI In Detection Process[3] 

 

 

 

 

Fig.3.Categorised AI Tools Base on different methods[3] 

Data Collection, 

The data collection process involves a comprehensive review of each of these methods, examining how 

AI tools are currently being utilized in each field to improve detection and prediction. This analysis aims 

to provide an overview of the current intersection between AI technologies and conventional cancer 

detection methods, highlighting the role of AI in advancing diagnostic practices. 
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1.1 ProFound AI® (iCAD):ProFound AI is an advanced artificial intelligence (AI) tool developed 

by iCAD to enhance breast cancer detection through mammography imaging. Leveraging deep 

learning algorithms, ProFound AI analyzes mammograms to identify malignant soft tissue 

densities and calcifications with high accuracy, aiming to assist radiologists in early cancer 

detection and diagnosis.[5,6] 

Case Study For ProFoundAI:A 46-year-old woman with extremely dense breasts, pathology 

found Grade 2 invasive ductal carcinoma and Grade 2 DCIS.ProFound Detection: On her 

screening mammogram, ProFound Detection V4 identified a High case score and lesion mark of 

73 and a Density rating of “D” .ProFound AI Breast Health Suite could have assisted with 

detection of this malignancy, helping ensure cancer can’t hide.[7] 

1.2 MIRAI (MIT): MIRAI is an advanced artificial intelligence (AI) tool developed by researchers 

at MIT's Jameel Clinic and Computer Science and Artificial Intelligence Laboratory (CSAIL). 

Inspired by Professor Regina Barzilay's personal experience with breast cancer, MIRAI aims to 

enhance early detection and risk assessment by analyzing mammographic images. [15] 

 

Case Study Of MIRAI:The case study focuses on Mexican women and their participation in a 

mammography screening program conducted between 2014 and 2016. During this period, an 

advanced image analysis model was successfully trained using data from the screenings. After 

completing the training, the model was able to predict the risk of breast cancer on the first 

attempt. Remarkably, the AI model not only identified the risk but also predicted the 

development of breast cancer up to four years in advance, accurately forecasting the onset and 

pinpointing the exact location of the tumor.[15] 

 

2. Thermography 

Thermalytix is an AI-powered breast cancer screening solution developed by NIRAMAI Health 

Analytix, a Bengaluru-based health-tech start-up founded by Dr.Geetha Manjunath. This 

innovative tool combines high-resolution thermal sensing with cloud-based analytics to detect 

early signs of breast cancer in a non-invasive, radiation-free, and private manner.Since its 

inception, Thermalytix has been utilized to screen over 250,000 women across more than 160 

locations in India and 20+ countries.[17] 

 

Case Study For Thermalytix AI tools:A 47-year-old post-menopausal woman presented with a 

three-month history of a lump in her right breast at the 12 o'clock position. Thermalytix was 

employed as an AI-based diagnostic tool, capturing five thermal images from multiple views. 

The analysis revealed a hotspot coinciding with the lump's location, indicating a thermal 

anomaly. Subsequent clinical examination confirmed the presence of the palpable lump, 

underscoring Thermalytix's potential in early detection.[17] 

 

3. Ultrasound 

Vis-BUS: Vis-BUS is an AI-driven breast ultrasound image analysis solution developed by 

Barreleye Inc., a Seoul-based medical technology company. Designed to assist in the early 
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detection and diagnosis of breast cancer, Vis-BUS integrates advanced artificial intelligence to 

analyze ultrasound images, providing valuable support to healthcare professionals.[16] 

 

4. MRI 

QuantX:QuantX is an artificial intelligence (AI) software developed to assist radiologists in 

diagnosing breast cancer through the analysis of breast MRI images. It was created by Qlarity 

Imaging, a company dedicated to enhancing medical imaging with AI technologies[19] 

Benefits Of Using AI In Detection Process, 

 AI-powered systems enable accelerated detection of breast abnormalities compared to traditional 

human analysis, facilitating earlier treatment interventions.    

 AI algorithms enhance the detection of minute and subtle abnormal tissues within the breast, 

improving the sensitivity of diagnostic imaging.    

 The implementation of AI tools can potentially reduce the reliance on invasive procedures such 

as biopsies and surgical interventions for diagnostic purposes.    

 Certain AI applications offer predictive capabilities, allowing for the early prediction and precise 

localization of tumors prior to conventional detection methods. 

 AI-driven technologies, including thermal screening and thermography, provide non-contact 

examination methods, eliminating the need for physical contact between the patient and medical 

equipment.    

 AI algorithms minimize false positives and improve the accuracy of tissue assessment, 

overcoming limitations in human visual interpretation and enhancing diagnostic confidence. 

LimitationsOf Using AI In Detection Process, 

 AI tools, while valuable, cannot function autonomously and necessitate human collaboration for 

effective breast cancer detection and prediction.    

 The 'black box' nature of certain AI image processing techniques can introduce time delays and 

potential challenges in understanding the decision-making process.    

 The accuracy of AI-driven breast cancer detection is heavily reliant on the quality and 

correctness of the training dataset.   

 The deployment of AI tools for breast cancer detection can be cost-prohibitive, with cost 

variations observed across different countries. 

 Current AI systems primarily focus on detection and prediction, highlighting the need for further 

development of AI capable of incorporating factors like population age and breast density to 

improve overall result accuracy. 

Result/Conclusion,  

Artificial intelligence is transforming breast cancer detection and diagnosis, offering unprecedented 

potential to improve patient outcomes. By employing sophisticated algorithms like ANNs, CNNs, 

RNNs, and deep learning, AI tools can analyse medical images with exceptional precision, scrutinizing 

tumour at a pixel level to detect subtle abnormalities that may be missed by human observers. This 

enhanced image analysis facilitates earlier detection, a critical factor in improving survival rates. AI's 
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role extends beyond detection, encompassing risk prediction, recurrence forecasting, and accurate 

staging of the disease, enabling personalized treatment strategies. The technology also alleviates the 

workload on radiologists, minimizing human error and improving overall diagnostic accuracy. Emerging 

non-invasive techniques, such as thermography, which analyse heat patterns to identify abnormal tissue, 

promise to further refine detection methods without physical contact. Innovative platforms like MIRAI, 

which predict breast cancer risk years in advance, highlight the transformative potential of AI in 

proactive healthcare. In essence, AI acts as a "second pair of eyes," enhancing the capabilities of medical 

professionals and driving advancements in breast cancer care. 

However,The development and deployment of these tools require extensive, high-quality training 

datasets, which can be costly and time-consuming to acquire. Moreover, the "black box" nature of some 

AI algorithms can hinder transparency and understanding of their decision-making processes, requiring 

further research and validation. The high implementation costs may also limit accessibility in certain 

geographical areas, exacerbating healthcare disparities. Inconsistencies in predictions from different AI 

tools and the ongoing development of some platforms underscore the need for standardized evaluation 

and rigorous validation protocols. Furthermore, the reliance on complex technologies requires 

continuous training and education for medical professionals to ensure effective utilization.  

Future Scope 

 Enhanced Human-AI Collaboration: 

Develop more effective models for collaboration between AI and human experts.    

Optimize user interfaces and workflows to improve clinician interaction with AI systems. 

 Improved Predictive Capabilities: 

Develop AI tools with enhanced predictive capabilities.    

Enable AI to predict and accurately locate tumors, potentially before traditional detection 

methods.    

 Data Integration for Accuracy: 

Incorporate factors like population age and breast density to improve the accuracy of AI results.    
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