Targeted Therapies in Breast Cancer: Mechanisms, Efficacy, and Challenges

Abstract
Targeted therapies have changed the way breast cancer is treated by focusing on molecular weaknesses like HER2, hormone receptors (HR), CDK4/6, PI3K, PARP, and Trop-2. This review examines the fundamental mechanisms, summarizes the key clinical outcomes, and addresses emerging challenges, including drug resistance, toxicity, and cost considerations.
1. Introduction
Breast cancer, a heterogeneous disease defined by distinct molecular subtypes (e.g., HR+/HER2−, HER2+, TNBC), remains a substantial global health challenge. In the past ten years, precision medicine has catalyzed the development of targeted therapies that improve efficacy while minimizing collateral damage to healthy cells. (Bose et al., 2022).
2. Major Targets and Therapeutic Agents
2.1 HER2-Directed Therapies
HER2 amplification occurs in 20% to 30% of early-stage breast cancer. Trastuzumab and other monoclonal antibodies bind to HER2, blocking downstream MAPK/PI3K-AKT signaling and inducing G1 arrest (Cameron et al., 2017). Although trastuzumab emtansine (T-DM1) and other ADCs target cytotoxic payloads to HER2-overexpressing cells, pertuzumab enhances this action (Derakhshani et al., 2020).
2.2 CDK4/6 Inhibitors
CDK4/6 inhibitors palbociclib, ribociclib, and abemaciclib, which inhibit the phosphorylation of the retinoblastoma (Rb) protein and halt progression through the cell cycle, are highly useful in treating HR+/HER2− breast cancer (Kang et al., 2025).
2.3 PI3K/AKT/mTOR and PARP Inhibitors
[bookmark: _Hlk200736447]About 35–40% of HR+/HER2− cases have PIK3CA mutations that drive tumor growth. When used in conjunction with CDK4/6 inhibitors, the PIK3K inhibitor inavolisib increased overall survival in patients with PIK3CA mutations by seven months. In BRCA-mutant tumors, PARP inhibitors (such as olaparib and veliparib) take advantage of synthetic lethality.
2.4 Antibody Drug – Conjugates (ADCs)
Targeting Trop‑2, new ADCs like datopotamab deruxtecan (Datroway) have demonstrated an eight-week improvement in PFS for patients with metastatic HR+/HER2−.
2.5 Selective Estrogen Receptor Degraders (SERDs)
A new oral SERD called elacestrant (Orserdu) provides a therapeutic avenue for endocrine-resistant tumors by breaking down mutant ESR1 receptors in advanced ER+/HER2− breast cancer.
2.6 Emerging Agents
For HR+/HER2-advanced cases, Camizestrant, an oral SERD based on liquid biopsy-guided ESR1 mutation detection, has lowered the risk of disease progression by 56%. The FDA has authorized combination regimens of capivasertib, an AKT inhibitor, for HR+/HER2-positive breast cancer.
           [image: ]
3. Mechanisms of Resistance and Management
Breast cancers develop by means of mechanisms like ESR1 mutations that lead to resistance to endocrine therapy, Rb loss or Cyclin E amplification that reduces the effectiveness of CDK4/6 inhibitors, and secondary HER2 mutations and tumor heterogeneity (Li & Thirumalai, 2021).
4. Clinical Efficacy and Patient Outcomes
PFS and patient quality of life have dramatically improved with CDK4/6 inhibitors (Kang et al., 2025). Survival has been improved with trastuzumab emtansine and dual HER2 targeting. For aggressive subtypes like TNBC, ADCs and immune checkpoint blockers hold promise.
5. Challenges and Future Perspectives
Major concerns include tumor heterogeneity, toxicities such as hepatotoxicity and cardiotoxicity, cost-effectiveness, biomarker validation and the need for precision sequencing and adaptive resistance detection protocols.
6. Conclusion
Targeted treatments have revolutionised the treatment of breast cancer by providing subtype-specific approaches that significantly enhance results. Treatment resistance, toxicity, and medical expenses are still persistent problems. To maintain progress, future studies must prioritise liquid-biopsy surveillance, biomarker-driven personalisation, and innovative drug development.
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Major Targets and Corresponding Targeted Therapies in Breast Cancer

Target

Pathway / Role

Examples of Targeted Therapies

HER2

(Human Eperndemal
Growth Factor
Receptor 2)

Promotes tumor growth
via tyrosine kinase activity

Trastuzumab

Pertuzumab

Lapatinib

T-DM1 (ado-trastuzumab emtansine)
T-DXd (trastuzumab deruxecan)

CDK4/6
(Cyclin Dependent
Kinases 4 and 6)

Regulates G1to 5 phase
transition in cell cycle

Palbociclib
Ribociclib
Abemaciclib

PI3K/AKT/mTOR
Pathway

Cell growth, metabolism,
survival signaling

Alpelisib (PI3K inhibitor)
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