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Abstract:
Breast cancer is one of the most common types of cancer among women. This disease poses serious clinical 
challenges due to its variable response to treatment and biological heterogeneity. Therefore, conventional 
therapies fail to complement the characteristics of specific tumors, limiting the effectiveness of treatment 
even in personalized therapies. In recent years, powerful tools such as artificial intelligence(AI), have 
emerged to advance personalized medicine, especially in the field of breast cancer, with the help of 
which complex biomedical data can be better analyzed.
In this article, we aim to provide a comprehensive review of the impact of AI on early detection, prognosis 
and recurrence assessment, response prediction, biomarker discovery, and clinical decision-making in 
breast cancer. We will also explore how AI-based imaging analysis can help improve diagnostic accuracy, 
while integrated multi-omics models can enhance treatment decision-making and risk stratification. 
Emerging approaches such as explainable AI, radiogenomics, and AI-based multi-omics integration are 
also highlighted as key drivers in this field.
Despite encouraging results, significant challenges remain, including data heterogeneity, limited external 
and prospective validation, algorithmic bias, interpretability concerns, and ethical and regulatory barriers. 
Addressing these limitations through standardized data protocols, transparent and explainable models, 
and multi-center validation studies is essential for safe and equitable implementation. Overall, AI holds 
substantial potential to transform breast cancer management toward a more predictive, preventive, 
and patient-centered paradigm, provided that technological innovation is aligned with robust clinical 
validation and interdisciplinary collaboration.
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INTRODUCTION
It is perhaps safe to say that breast cancer is one 

of the most common cancers in women, and it has 
emerged as one of the leading causes of death in 
the world (8, 61). Despite extensive advances in 
treatment, early detection, and clinical pathways, 

the biological heterogeneity of breast tumors 
has made traditional clinical pathways unable to 
provide an appropriate therapeutic response for 
individuals (3, 23).  Precision medicine seeks to 
overcome these limitations by tailoring medical 
care based on patient‑specific clinical, imaging, and 
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molecular profiles (2, 62). However, the analysis 
of high‑dimensional biomedical datasets poses 
significant challenges for conventional statistical 
methods due to scale, complexity, and non‑linear 
relationships (16, 21). Artificial intelligence (AI), 
driven by advancements in machine learning 
and deep learning, has recently become a pivotal 
tool in oncology for deciphering complex data 
patterns and aiding clinical decision-making (1, 5). 
Comparative studies demonstrate that AI models 
surpass conventional methods in medical imaging 
by enhancing diagnostic sensitivity and specificity, 
refining risk stratification, and offering superior 
accuracy in predicting therapeutic outcomes (4, 58). 
Nevertheless, the seamless integration of AI into 
daily clinical workflows is hindered by challenges 
such as model opacity (lack of interpretability), the 
need for standardized data, and the necessity for 
rigorous external validation (10, 29). Consequently, a 
thorough examination of AI’s role in precision breast 
cancer medicine is crucial to understanding how these 
innovations can be effectively translated into patient 
care.  In the realm of breast cancer management, 
AI has shown immense potential in improving 
early detection, prognostic assessment, and tailored 
treatment planning (22, 66). Specifically, AI-driven 
algorithms have demonstrated superior performance 
over standard interpretative techniques in 
mammography and MRI, facilitating more consistent 
and precise tumor identification (32, 67). Beyond 
imaging, the application of AI in synthesizing multi-
omics data has facilitated the identification of novel 
biomarkers and significantly improved predictive 
models for treatment efficacy and disease recurrence 
(13, 35).  For instance, systematic reviews report 
that AI‑based recurrence prediction models, trained 
on clinical and imaging cohorts, can stratify patients 
by risk with higher precision than conventional 
approaches. Furthermore, explainable AI methods are 
gaining attention for improving model transparency 
and clinical trust, which are crucial for adoption in 
precision oncology (18, 60). Despite the potential 
benefits, the broad adoption of AI-driven personalized 
medicine faces significant hurdles, including ethical 
dilemmas, data heterogeneity, and the requirement 
for extensive, annotated datasets (53, 29).  

Epidemiology and Clinical Challenges of Breast 
Cancer
  Globally, breast cancer continues to be the leading 
cause of cancer diagnosis among women, and its 
prevalence is increasing in many areas despite 
sustained public health initiatives (61). According 
to recent global estimates, breast cancer accounts 
for millions of new cases annually, with substantial 
geographic variation in rates due to differences in 
screening practices, lifestyle factors, and healthcare 

access (8). High‑income countries often report 
higher age‑standardized incidence rates, reflecting 
broad screening and early detection, whereas low‑ 
and middle‑income regions bear disproportionately 
high mortality relative to incidence, highlighting 
disparities in care (8, 61). Risk factors for breast cancer 
encompass both non‑modifiable elements such as age 
and genetic predisposition, and modifiable influences 
including obesity, alcohol consumption, and physical 
inactivity (3, 12). Moreover, epidemiological 
trends show an increasing burden of breast cancer 
among younger women and diverse populations, 
complicating traditional risk stratification and 
screening frameworks (66). The clinical phenotype is 
inherently linked to the underlying molecular subtype 
of the tumor. Notably, aggressive variants such as 
triple-negative breast cancer impose significant 
therapeutic difficulties, primarily due to the lack of 
viable targeted treatment strategies. These trends 
underscore the dynamic epidemiology of the disease 
and the need for adaptive clinical strategies that 
address both prevention and personalized treatment 
access. Consequently, understanding population‑level 
patterns and underlying determinants of breast 
cancer remains foundational for advancing precision 
oncology.  Despite improvements in early detection 
and therapeutic advances over recent decades, breast 
cancer continues to present significant clinical 
challenges that hinder optimal outcomes (11, 23). A 
pivotal challenge lies in the substantial heterogeneity 
of breast cancer, both molecularly and clinically. 
The disease encompasses distinct molecular 
entities, notably hormone receptor-positive (HR+), 
HER2-positive, and triple-negative subtypes, 
which display diverse growth dynamics, varying 
responses to therapeutic interventions, and differing 
prognostic outcomes (12, 31). This biological 
diversity complicates one‑size‑fits-all treatment 
paradigms and underscores the need for tailored 
approaches that integrate molecular profiling into 
clinical decision‑making. Furthermore, disparities 
in healthcare infrastructure and resource availability 
contribute to delayed diagnoses and limited treatment 
options in many regions, exacerbating mortality 
rates and inequities in survival (11, 61). Even 
within high‑resource settings, clinical challenges 
persist, including the management of advanced 
and metastatic disease, treatment resistance, and 
the balance between therapeutic efficacy and 
quality of life. Psychological, social, and economic 
burdens also add layers of complexity to patient 
care, requiring multidisciplinary support beyond 
conventional medical interventions. Addressing these 
multifaceted challenges necessitates an integrated 
approach that combines better epidemiologic 
insights, personalized treatment frameworks, and 
equitable healthcare delivery systems worldwide.  
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