Research & Reviews: Reports in Cancer and

Treatment

Advances in Breast Cancer Therapy: From Conventional Approaches
to Precision and Immuno-Oncology Strategies

Emily Richardson*

Department of Medical Oncology,University of Cambridge School of Clinical Medicine, United Kingdom

Received: 02-Jun-2025, Manuscript No.
rct-25-189147; Editor assigned: 04-Jun-
2025, Pre-QC No. rct-25-189147 (PQ);
Reviewed: 18-Jun-2025, QC No rct-25-
189147; Revised: 23-Jun-2025, Manuscript
No. rct-25-189147 (R); Published: 30-Jun-
2025, DOI: 10.4172/rct.9.006

*For Correspondence

Emily Richardson, Department of Medical
Oncology,University of Cambridge School
of Clinical Medicine, United Kingdom

E-mail: emily.richardson@cambridgeoncol-
ogy.edu

Citation: Emily Richardson, Advances in
Breast Cancer Therapy: From Conventional
Approaches to Precision and Immuno-
Oncology Strategies. Rep Cancer Treat.
2025.9.006.

Copyright: © 2025 Emily Richardson,
this is an open-access article distributed
under the terms of the Creative Commons
Attribution  License, which  permits
unrestricted use, distribution, and
reproduction in any medium, provided the
original author and source are credited.

Review Article

ABSTRACT

Breast cancer remains the most frequently diagnosed malignancy among
women worldwide and a leading cause of cancer-related mortality. Over the
past two decades, significant progress has been made in understanding its
molecular heterogeneity, leading to more personalized and effective therapeutic
strategies. Traditional approaches such as surgery, chemotherapy, radiation
therapy, and hormone therapy continue to form the backbone of treatment.
However, advances in molecular biology, genomics, and immunology have
introduced targeted therapies and immunotherapies that have significantly
improved patient outcomes, particularly in aggressive and advanced disease
subtypes. This review provides a comprehensive overview of current breast
cancer therapies, including endocrine treatment, HER2-targeted agents,
cytotoxic chemotherapy, PARP inhibitors, CDK4/6 inhibitors, and emerging
immunotherapeutic approaches. It also highlights challenges such as drug
resistance, tumor heterogeneity, and treatment-related toxicity. Finally, the
article discusses future directions in breast cancer management, emphasizing
precision medicine, biomarker-driven therapy, and novel drug delivery systems
aimed at improving survival and quality of life.
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INTRODUCTION

Breast cancer is a biologically heterogeneous disease arising from the epithelial
cells of the mammary gland. It is classified into molecular subtypes such as
luminal A, luminal B, HER2-enriched, and triple-negative breast cancer (TNBC),

each with distinct prognostic and therapeutic implications. The global burden of breast cancer continues to rise, with increasing
incidence in both developed and developing countries.

Historically, treatment strategies relied heavily on surgery and cytotoxic chemotherapy. However, the last few decades have
witnessed a paradigm shift toward personalized therapy based on tumor biology. ldentification of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) has enabled targeted therapeutic approaches,

significantly improving survival outcomes.
Conventional Treatment Modalities

1. Surgery

Surgery remains the primary treatment for localized breast cancer. Options include:

e Breast-conserving surgery (lumpectomy)

* Modified radical mastectomy

¢ Sentinel lymph node biopsy
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Surgical decisions are guided by tumor size, stage, and patient preference. Advances in surgical techniques have improved
cosmetic outcomes while maintaining oncologijcal safety.

2. Radiation Therapy

Radiation therapy is commonly used after breast-conserving surgery to reduce local recurrence. Techniques such as intensity-
modulated radiation therapy (IMRT) and image-guided radiation therapy (IGRT) allow precise targeting, minimizing damage to
surrounding tissues.

3. Chemotherapy

Chemotherapy remains essential, particularly in triple-negative and high-risk HER2-positive cancers. Common regimens include
anthracyclines, taxanes, and cyclophosphamide combinations.

Despite effectiveness, chemotherapy is associated with adverse effects such as:
*  Myelosuppression
* Alopecia
e Cardiotoxicity
* Nausea and fatigue
Efforts are ongoing to reduce toxicity while maintaining efficacy.
Hormone Receptor-Positive Breast Cancer Therapy
Hormone receptor-positive breast cancer accounts for approximately 70% of cases.
1. Endocrine Therapy
Endocrine therapy targets estrogen signaling and includes:
* Tamoxifen (selective estrogen receptor modulator)
¢ Aromatase inhibitors (anastrozole, letrozole, exemestane)
*  Fulvestrant (estrogen receptor degrader)
These therapies significantly reduce recurrence risk in ER-positive disease.
2. CDK4/6 Inhibitors

Cyclin-dependent kinase 4/6 inhibitors represent a major advancement in metastatic breast cancer treatment. Drugs such as
palbociclib, ribociclib, and abemaciclib inhibit cell cycle progression, improving progression-free survival when combined with
endocrine therapy.

HER2-Positive Breast Cancer Therapy
HER2-positive breast cancer is an aggressive subtype characterized by overexpression of HER2 protein.
1. Monoclonal Antibodies
e Trastuzumab
e Pertuzumab
These agents have revolutionized HER2-positive breast cancer treatment by improving survival rates.
2. Antibody-Drug Conjugates
¢ Trastuzumab emtansine (T-DM1)
» Trastuzumab deruxtecan
These drugs combine targeted delivery with cytotoxic activity, enhancing efficacy while reducing systemic toxicity.
3. Tyrosine Kinase Inhibitors
e Lapatinib
* Neratinib
These agents block intracellular HER2 signaling pathways.
Triple-Negative Breast Cancer (TNBC) Therapy
TNBC lacks ER, PR, and HER2 expression, making it more difficult to treat.
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1. Chemotherapy Backbone
Chemotherapy remains the primary treatment, including platinum-based agents for enhanced response.
2. Inmunotherapy
Immune checkpoint inhibitors such as pembrolizumab have shown promising results in PD-L1 positive TNBC.
3. PARP Inhibitors
Olaparib
Talazoparib
These are effective in patients with BRCA1/2 mutations by exploiting DNA repair deficiencies.
Immunotherapy in Breast Cancer
Immunotherapy has emerged as a transformative approach in oncology.
1. Immune Checkpoint Inhibitors
Drugs targeting PD-1/PD-L1 pathways enhance anti-tumor immune responses. They are particularly effective in TNBC.
2. Cancer Vaccines and Adoptive Cell Therapy
Although still experimental, these strategies aim to stimulate tumor-specific immune responses.
3. Tumor Microenvironment Modulation
Understanding immune evasion mechanisms has led to combination therapies that enhance immunotherapy response rates.
Targeted Therapy and Precision Medicine
Advances in genomics have enabled identification of actionable mutations.
1. Biomarker-Guided Therapy
HER2 amplification
BRCA mutations
PIK3CA mutations
2. PIBK/AKT/mTOR Pathway Inhibitors
These agents target key survival pathways in cancer cells.
3. Liquid Biopsy
Circulating tumor DNA analysis allows real-time monitoring of treatment response and resistance.
Emerging Therapeutic Strategies
1. Nanotechnology-Based Drug Delivery
Nanoparticles improve drug targeting and reduce toxicity.
2. Artificial Intelligence in Oncology
Al is increasingly used for diagnosis, treatment planning, and outcome prediction.
3. Epigenetic Therapy
Histone deacetylase inhibitors and DNA methylation modulators are under investigation.
Challenges in Breast Cancer Therapy
Despite advancements, several challenges remain:
e Drug resistance development
*  Tumor heterogeneity
¢ Treatment toxicity
e High cost of targeted therapies
e Limited access in low-resource settings

Overcoming these barriers requires integrated clinical and translational research efforts.
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Future Perspectives
The future of breast cancer therapy lies in:
e Precision oncology based on genomic profiling
e Combination immunotherapy strategies
* Early detection through advanced biomarkers
e Personalized drug regimens
* Integration of Al-driven clinical decision systems

Continuous innovation will likely transform breast cancer into a manageable chronic disease rather than a fatal condition.

CONCLUSION

Breast cancer therapy has evolved significantly from conventional surgery and chemotherapy to highly sophisticated targeted and
immune-based approaches. Molecular characterization of tumors has enabled personalized treatment strategies that improve
survival and reduce toxicity. However, challenges such as resistance mechanisms and disparities in healthcare access remain.
Future advancements in precision medicine, immunotherapy, and digital oncology are expected to further revolutionize breast
cancer management.
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