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1.Introduction 
Breast cancer remains one of the most prevalent and 

devastating forms of cancer affecting women 

worldwide [1]. It accounts for a significant 

proportion of cancer-related morbidity and mortality, 

making it a critical public health concern [25]. 

Despite advancements in healthcare, the early 

detection and accurate diagnosis of breast cancer 

continue to pose challenges. Traditional methods, 

such as mammography and clinical breast exams, 

have been instrumental in screening efforts but are 

not without limitations [6, 7]. These include issues of 

sensitivity, particularly in dense breast tissue, and the 

risk of false positives leading to unnecessary 

interventions [610]. The advent of data mining and 

machine learning (ML) technologies offers a 

transformative potential in breast cancer detection 

[11, 12]. These advanced computational approaches, 

such as linear regression, logistic regression, support 

vector machine (SVM), Naïve Bayes (NB), decision 

tree (DT), k-nearest neighbors (KNN), clustering (k-

Means, fuzzy c-Means), random forest (RF), and 

Apriori, can analyze complex and voluminous 

datasets.  
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They extract meaningful patterns and make 

predictions with a level of accuracy and efficiency 

often surpassing human capabilities [1317]. This 

shift towards a more data-driven approach in medical 

diagnostics is motivated by the need for higher 

accuracy, objectivity, and the capability to leverage 

large-scale health data for personalized medicine 

[1820]. 

 

This review is conducted with the methodological 

rigor to scrutinize and synthesize the burgeoning 

body of literature on the application of data mining 

and machine learning in breast cancer detection. The 

selection criteria for the literature included peer-

reviewed articles published within a specified 

timeframe, focusing on a range of data mining and 

machine learning techniques applied to breast cancer 

detection. The review process involves a critical 

evaluation of the methodologies, outcomes, and 

effectiveness of these studies, providing a 

comprehensive and unbiased overview of the current 

landscape. 

 

The primary objective of this review is to collate and 

analyze existing research findings on the application 

of data mining and machine learning in breast cancer 

detection. This involves assessing the effectiveness of 
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these technologies in improving diagnostic accuracy, 

understanding the types of data and algorithms most 

commonly used, and identifying any gaps or 

inconsistencies in the current research. This approach 

aims to provide a coherent and comprehensive 

picture of the current state of the art, offering 

valuable insights for researchers, clinicians, and 

policymakers. 

 

The contributions of this review include providing a 

consolidated reference for the latest advancements in 

breast cancer detection using data mining and 

machine learning, aiding the research community in 

staying informed about current developments. It also 

identifies promising methodologies and technologies 

that could pave the way for future innovations in 

cancer diagnostics. Highlighting the gaps and 

challenges in the current research, this review sets the 

stage for future studies, potentially guiding the 

direction of subsequent investigations and 

technological advancements. 

This systematic review seeks to bridge the gap 

between the rapidly evolving field of data mining and 

machine learning and the critical domain of breast 

cancer detection. By providing a thorough analysis of 

existing research and pointing out potential future 

directions, this study aims to contribute significantly 

to the enhancement of breast cancer diagnostic 

methods, ultimately aiding in the fight against this 

global health challenge. Figure 1 illustrates the major 

areas where machine learning and data mining are 

applied in the context of breast cancer detection and 

analysis. 

 

The structure of this paper is organized as follows: 

Section 2 presents a thorough literature review. 

Section 3 provides a discussion based on the related 

work, and Section 4 concludes the paper. 

 

 
Figure 1 Major areas where machine learning and data mining are applied in the context of breast cancer detection 

and analysis 

 

2.Literature review 
The 2022 study by Rovshenov and Peker [21] 

utilized artificial intelligence for early breast cancer 

detection, using artificial neural network (ANN), 

SVM, and RF algorithms on the Wisconsin dataset. 

The ANN achieved 99% accuracy. Advantages 

include efficient early detection and wider 

accessibility. Limitations involve dataset specificity 

and the need for long-term validation of results. 

 

In 2022, Jiang et al. [22] designed the Photoacoustic 

Pen (PAPen) for breast cancer surgery, enhancing 

sentinel lymph node detection. Using photoacoustic 

sensing for deep penetration, the PAPen combines an 

ultrasound transducer and optical fiber, accurately 

locating lymph nodes by capturing photoacoustic 

signals from contrast agents, with a detection depth 

of up to 50 mm. 
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In 2022, Basha and Sindhu [23] evaluated breast 

cancer prediction using the anisotropic diffusion 

algorithm (ADA) against the variational partial 

differential equation (PDE) Method. On a health 

dataset, ADA (p=0.001) outperformed variational 

PDE, achieving 94% accuracy compared to 93%. The 

study highlights ADA's superior precision and 

accuracy in predicting breast cancer. 

 

Nelli [24] highlighted the need for improved early 

breast cancer detection, citing limitations of current 

methods like mammography. Their review focused 

on gold nanoparticles (AuNPs) and biosensors in 

nanotechnology, offering advanced, sensitive 

diagnostic solutions. AuNPs are gaining traction for 

their potential in revolutionizing cancer diagnosis, 

monitoring, and treatment. 

 

In 2022, Dubey et al. [25] explored eight machine 

learning techniques for breast cancer detection using 

the Wisconsin Diagnostic dataset. Focusing on 

differentiation between benign and malignant tumors, 

the study found SVM and ANN to be the most 

effective, achieving an accuracy of 98.08% in their 

performance assessment. 

 

In 2023, Botlagunta et al. [26] developed a non-

invasive machine learning system for diagnosing 

metastatic breast cancer (MBC) using blood profile 

data from EMRs. Utilizing Python and machine 

learning techniques, they achieved a Decision Tree 

classifier accuracy of 83% with an AUC of 0.87. This 

system could help physicians in early MBC 

detection. 

 

In 2023, Nemade and Fegade [27] explored machine 

learning algorithms for breast cancer prediction, 

using classifiers like Naïve Bayes, Logistic 

Regression, SVM, KNN, DT, and ensembles like RF, 

Adaboost, and XGBoost. Their study found the 

Decision Tree and XGBoost to have the highest 

accuracy (97%) with XGBoost achieving an AUC of 

0.999. 

 

In 2023, Sugimoto et al. [28] conducted a review on 

the advancements and applications of machine 

learning ML in breast cancer. The review discusses 

the impact of machine learning on image processing, 

especially deep and convolutional neural networks 

for tumor and lymph node detection. It also covers 

the use of quantitative omics techniques for 

molecular pathology understanding and the 

development of new biomarkers. Additionally, the 

review highlights the role of machine learning in 

analyzing clinical-pathological features and 

predicting treatment outcomes, ultimately 

underscoring machine learning’s contribution to 

personalized breast cancer medicine. 

 

Elsadig et al. [29] highlighted the global challenge of 

breast cancer in women, emphasizing the role of 

socioeconomic barriers in late diagnoses. The review 

stresses the importance of collaborative healthcare 

efforts and explores various machine learning 

algorithms for improving accuracy and early 

detection of breast cancer, aiming to enhance 

women's health outcomes. 

 

In their research, Manikandan et al. [30] aimed to 

classify the survival status of breast cancer patients 

using the SEER dataset. The study utilized machine 

learning and deep learning for data preprocessing and 

analysis. Employing Variance Threshold and 

Principal Component Analysis for feature selection, 

they applied techniques like Ada Boosting, XG 

Boosting, and DT. The DT algorithm excelled with 

98% accuracy, outperforming others in both train-test 

split and k-fold cross-validation approaches. 

 

Ebrahim et al. [31] compared various machine 

learning algorithms for breast cancer prediction using 

a 1.7 million record dataset from the National Cancer 

Institute. The study included classical methods like 

DT, Logistic regression, and ensemble techniques, as 

well as deep learning approaches like deep neural 

networks. DT and ensemble techniques emerged as 

the most accurate, each achieving 98.7% accuracy. 

 

3.Discussion and analysis 

The comprehensive review of machine learning and 

data mining applications in breast cancer detection 

indicates a paradigm shift in medical diagnostics. 

Traditional methods like mammography and clinical 

breast exams, while foundational, present limitations 

such as sensitivity issues and false positives. In 

contrast, machine learning and data mining 

techniques demonstrate transformative potential, 

largely attributed to their ability to process complex 

and voluminous datasets, uncover patterns, and 

predict outcomes with remarkable accuracy. 

 

The literature indicates a growing trend towards 

leveraging these advanced computational methods for 

enhancing diagnostic precision in breast cancer. This 

approach aligns with the broader objective of 

personalized medicine, aiming to tailor healthcare 

based on individual characteristics. Studies reviewed 

encompass a diverse range of algorithms and 
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applications, from early detection to the prediction of 

metastatic progression, highlighting the versatility 

and depth of ML in this field. 

 

Advantages of Machine Learning and Data 

Mining in Breast Cancer Detection 

Enhanced Diagnostic Accuracy: machine learning 

algorithms, due to their computational power, have 

shown higher accuracy in detecting breast cancer 

compared to traditional methods. This accuracy is 

pivotal in early detection, which is crucial for 

effective treatment. 

 

Efficiency in Handling Large Datasets: The ability of 

machine learning to analyze large-scale health data 

enables the extraction of meaningful insights that 

might be overlooked by human analysis. 

 

Predictive Analytics for Personalized Medicine: 
The predictive capabilities of these algorithms 

facilitate personalized treatment plans by analyzing 

patient data and predicting disease progression or 

treatment outcomes. 

 

Versatility in Applications: The diverse range of 

algorithms, from SVMs to deep learning models, 

allows for varied applications in different aspects of 

breast cancer detection and treatment. 

 

Reduced Human Error: Automation in diagnostics 

reduces the risk of human error, leading to more 

reliable and consistent outcomes. 

 

Limitations and Challenges 

Data Dependency and Quality Issues: The 

effectiveness of machine learning models is heavily 

reliant on the quantity and quality of data. Poor data 

quality or biased datasets can lead to inaccurate 

predictions. 

 

Complexity and Interpretability: Some machine 

learning models, especially deep learning algorithms, 

are often seen as 'black boxes' due to their 

complexity, making it difficult to interpret how 

decisions are made. 

 

Generalizability of Models: Models trained on 

specific datasets may not perform well when applied 

to different populations or data types, limiting their 

generalizability. 

 

Resource Intensity: Developing, training, and 

maintaining machine learning models require 

significant computational resources and expertise, 

which may not be readily available in all healthcare 

settings. 

 

Ethical and Privacy Concerns: The use of patient 

data in machine learning raises concerns regarding 

privacy and ethical use of information, necessitating 

robust governance frameworks. 

 

4.Conclusion  
This comprehensive review highlights the 

transformative impact of data mining and machine 

learning in breast cancer detection and analysis. 

These advanced computational approaches offer 

higher accuracy, objectivity, and the ability to 

leverage large-scale health data for personalized 

medicine. The discussed studies showcase the 

versatility of machine learning algorithms and their 

potential to improve breast cancer diagnostics. While 

challenges and limitations exist, the findings indicate 

the importance of ongoing research and collaboration 

in advancing breast cancer detection methods. This 

review aims to contribute to the ongoing efforts to 

combat breast cancer, ultimately leading to improved 

patient outcomes and a reduction in the global burden 

of this devastating disease. 
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