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Abstract: Breast cancer remains a leading global health burden, characterized by profound 

biological and clinical heterogeneity. This review synthesizes modern advancements in epidemiology, 

genetic vulnerability, and histopathological classification, while examining the paradigm shift from 

broad systemic treatments to high-resolution precision oncology. We outline key diagnostic 

innovations, including digital breast tomosynthesis, artificial intelligence integration, and liquid 

biopsies. Furthermore, we dissect standard treatment algorithms, focusing on local therapy de-

escalation, CDK4/6 inhibitor pathways, and the transformative clinical impact of antibody-drug 

conjugates (ADCs) and immunotherapy. By consolidating these updates into a streamlined framework, 

this review provides a definitive clinical overview for clinicians and researchers. (1). 
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1. Global Epidemiology and Public Health Burden 

Breast cancer is the most frequently diagnosed malignancy worldwide, accounting for over 2.3 million new cases 

annually [1]. Incidence profiles exhibit significant regional stratification. High-income nations report stabilized or 

slowly rising diagnostic rates correlated with widespread screening access, whereas lower-income regions face an 

escalating public health crisis [2]. Mortality disparities remain stark; structural delays in diagnostic infrastructure and 

limited therapeutic pipelines often result in advanced clinical presentations and poorer overall survival metrics in 

resource-constrained environments [3]. 

 

2. Etiology and Genetic Risk Factors 

The development of breast cancer involves a complex interplay between inherited genetic mutations and environmental 

factors. High-penetrance germline mutations in BRCA1 and BRCA2 compromise homologous recombination 

pathways, markedly elevating lifetime risk [4]. Beyond these primary vectors, intermediate-penetrance variations in 

genes like PALB2, CHEK2, and ATM add to genetic vulnerability [5]. Modifiable risks include post-menopausal 

obesity—which fuels systemic hyperestrogenism through peripheral adipose aromatization—alongside chronic alcohol 

consumption, tobacco exposure, and prolonged hormone replacement therapy [6]. 

 

3. Histopathological and Anatomical Classification 

Malignancies are broadly divided into non-invasive (in situ) lesions and invasive disease. Ductal Carcinoma In Situ 

(DCIS) represents a localized pre-invasive state within the basement membrane that requires precise management to 

avoid progression [7]. Invasive Ductal Carcinoma (or Invasive Carcinoma of No Special Type) represents the largest 

class of invasive epithelial tumors [8]. In contrast, Invasive Lobular Carcinoma displays a distinct diffuse architectural 

infiltration linked to genetic loss of E-cadherin expression, creating specific diagnostic challenges for conventional 

mammography [9]. 
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4. Intrinsic Molecular Subtypes and Genomic Profiling 

The clinical approach to breast cancer depends on molecular categorization defined by estrogen receptor (ER), 

progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) expressions. Luminal A tumors 

exhibit low proliferation rates and highly favorable responsive profiles to endocrine blockades [10]. Luminal B tumors 

display aggressive clinical characteristics and elevated proliferative index [11]. HER2-enriched tumors leverage strong 

oncogenic dependency loops driven by ERBB2 amplification, while the emergence of the 'HER2-low' classification has 

redefined therapeutic boundaries [12]. Triple-Negative Breast Cancer (TNBC) remains a clinically challenging subset 

lacking all three target receptors, necessitating aggressive systemic management [13]. 

 

5. Diagnostic Frameworks and Technological Innovations 

Modern screening relies on Digital Breast Tomosynthesis (DBT), which offers superior parenchymal resolution over 

traditional 2D mammography [14]. Magnetic Resonance Imaging (MRI) is utilized for high-risk surveillance and 

defining preoperative disease boundaries [15]. Artificial intelligence models are increasingly integrated to detect early 

architectural distortions and microcalcifications [16]. Simultaneously, liquid biopsy platforms tracking circulating 

tumor DNA (ctDNA) provide molecular monitoring tools for minimal residual disease detection [17]. 

 

6. Locoregional Management and De-escalation Strategies 

Surgical paradigms have progressively transitioned from radical options toward volume-retaining breast-conserving 

surgery [18]. Axillary staging has mirrored this de-escalation; sentinel lymph node biopsy has largely replaced full 

axillary dissections for early-stage patients without nodal disease, reducing long-term lymphedema rates [19]. 

Postoperative hypofractionated radiotherapy continues to provide exceptional regional control while minimizing 

treatment time [20]. 

 

7. Systemic Therapeutics: Endocrine and Targeted Agents 

Hormone-receptor-positive disease is addressed via systematic endocrine blockade using Selective Estrogen Receptor 

Modulators (SERMs) or Aromatase Inhibitors [21]. The introduction of selective CDK4/6 inhibitors has transformed 

advanced luminal disease management by overcoming endocrine resistance pathways [22]. Concurrently, traditional 

anti-HER2 monoclonal antibody doublets have significantly improved survival trajectories for HER2-positive cohorts 

[23]. 

 

8. The Rise of Antibody-Drug Conjugates (ADCs) 

Antibody-drug conjugates represent a breakthrough in selective drug delivery, joining targeted monoclonal antibodies 

with cytotoxic payloads [24]. Upon binding to surface receptors, these complexes undergo endocytosis and subsequent 

lysosomal cleavage, releasing the active agent [25]. This mechanism facilitates a 'bystander effect' where the drug 

diffuses into neighboring antigen-negative tumor cells, enhancing destruction within heterogeneous tumor 

microenvironments [26]. 

 

9. Immunoncology and Triple-Negative Disease 

Because TNBC lacks targetable hormone receptors, it is managed primarily through cytotoxic or immunological 

channels [27]. The highly immunogenic microenvironment of TNBC, characterized by elevated tumor-infiltrating 

lymphocytes and PD-L1 expression, supports the use of immune checkpoint inhibitors [28]. Combining pembrolizumab 

with neoadjuvant chemotherapy has shown notable pathologic complete response rates, forming a new standard of care 

[29]. 
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10. Advanced Metastatic Care and Survivorship 

Metastatic breast cancer remains a clinical challenge, exhibiting specific organ tropism toward bone, lung, liver, and 

central nervous systems [30]. Management balances therapeutic efficacy with patient quality of life through sequential 

systemic regimens and supportive care [31]. Long-term survivorship strategies focus on mitigating systemic toxicities, 

managing cardiovascular risk, and supporting psychosocial health [32]. 
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