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ABSTRACT 

Cancer remains one of the leading causes of mortality worldwide, necessitating the 

development of novel therapeutic approaches beyond conventional chemotherapy and 

radiotherapy. Recent advances in targeted therapy, phytochemical research, and nanocarrier-

based drug delivery systems have revolutionized cancer pharmacology. Targeted therapies 

specifically inhibit molecular pathways critical for tumor growth and survival, thereby 

minimizing systemic toxicity. Phytochemicals derived from medicinal plants offer multi-

targeted anticancer mechanisms with fewer adverse effects. Meanwhile, nanocarrier systems 

enhance drug bioavailability, target specificity, and reduce off-target toxicity. This review 

summarizes recent advances, mechanisms of action, and pharmacological insights into these 

three key areas shaping the future of cancer treatment. 
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1. INTRODUCTION 

Cancer is characterized by uncontrolled cellular proliferation, invasion, and metastasis due to 

genetic and epigenetic alterations [1]. Despite progress in conventional chemotherapy, 

resistance, toxicity, and poor selectivity limit therapeutic outcomes [2]. The evolution of 

targeted therapy, phytochemical-based interventions, and nanotechnology-based delivery 

systems represents a paradigm shift in oncology [3]. These modern pharmacological strategies 

aim to achieve precision, safety, and efficacy in cancer management. 
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2. Targeted Therapy in Cancer Pharmacology 

2.1 Concept and Mechanism 

Targeted therapy involves the inhibition of specific molecular targets essential for cancer cell 

proliferation or survival. These include growth factor receptors, tyrosine kinases, and 

signaling molecules such as EGFR, VEGF, HER2, and BCR-ABL [4]. Unlike traditional 

chemotherapy, targeted agents act selectively, sparing normal cells [5]. 

 

2.2 Major Classes of Targeted Therapies 

1. Monoclonal antibodies (mAbs): e.g., Trastuzumab (HER2 inhibitor) and Bevacizumab 

(VEGF inhibitor) [6]. 

2. Tyrosine kinase inhibitors (TKIs): e.g., Imatinib, Erlotinib, Sorafenib targeting 

intracellular kinases [7]. 

3. Immune checkpoint inhibitors: Targeting CTLA-4, PD-1, or PD-L1 to enhance 

immune- mediated cancer cell death [8]. 

 

2.3 Pharmacological Challenges 

Despite success, targeted therapies face resistance due to mutations, pathway redundancy, 

and tumor heterogeneity [9]. Combination therapy and personalized medicine are emerging 

strategies to overcome these limitations. 

 

3. Phytochemicals as Potential Anticancer Agents 

3.1 Overview 

Phytochemicals, bioactive compounds derived from plants, possess anticancer properties 

through modulation of cellular signaling pathways, apoptosis induction, and antioxidant 

activity [10]. 

 

3.2 Mechanisms of Action 

1. Apoptosis induction: Compounds such as curcumin, resveratrol, and quercetin activate 

caspase- dependent pathways [11]. 

2. Inhibition of angiogenesis: Epigallocatechin gallate (EGCG) from green tea inhibits 

VEGF signaling [12]. 

3. Cell cycle arrest: Genistein and berberine modulate cyclins and CDKs [13]. 

4. Epigenetic modulation: Certain polyphenols alter DNA methylation and histone 

acetylation patterns [14]. 
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3.3 Pharmacological Significance 

Phytochemicals act via multi-targeted mechanisms, which reduce the risk of resistance 

development [15]. However, their poor solubility, bioavailability, and pharmacokinetics limit 

linical use, motivating the use of nanotechnology-based formulations [16]. 

 

4. Nanocarrier-Based Drug Delivery in Oncology: 

4.1 Role of Nanotechnology in Cancer Pharmacology 

Nanocarriers such as liposomes, polymeric nanoparticles, dendrimers, and micelles provide 

improved drug delivery by enhancing permeability, retention, and targeted delivery to tumor 

tissues [17]. 

 

4.2 Advantages of Nanocarriers 

Improved bioavailability and stability of anticancer drugs. 

Passive and active targeting using ligands such as folate or antibodies [18]. Reduced systemic 

toxicity by controlled drug release [19]. 

 

4.3 Examples of Approved Nano formulations: 

1. Doxil® (liposomal doxorubicin) for ovarian cancer. 

2. Abraxane® (albumin-bound paclitaxel) for breast cancer. 

3. Onivyde® (liposomal irinotecan) for pancreatic cancer [20]. 

 

4.4 Future Prospects: 

Combination of phytochemicals encapsulated in nanocarriers and targeted therapy 

approaches represents a synergistic strategy in precision oncology [21]. 

 

5. CONCLUSION 

The integration of targeted therapy, phytochemical research, and nanocarrier technology has 

significantly advanced the field of cancer pharmacology. Future research should emphasize 

personalized treatment, molecular diagnostics, and combination therapy to maximize efficacy 

and minimize toxicity. The convergence of these three strategies offers a promising 

framework for next-generation anticancer therapeutics. 
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