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Abstract 

Targeted nanoparticle-mediated drug delivery has emerged as a transformative strategy in 

precision oncology due to major limitations associated with conventional cancer therapies, 

including systemic toxicity, multidrug resistance, poor tumor selectivity, inadequate 

bioavailability, and nonspecific biodistribution. Rapid advancements in nanotechnology have 

enabled development of highly sophisticated nanocarrier systems capable of selective tumor 

targeting, controlled therapeutic release, enhanced cellular internalization, prolonged circulation, 

and real-time treatment monitoring. Unique physicochemical characteristics of nanoparticles, 

including nanoscale dimensions, tunable surface functionality, high surface-area-to-volume ratio, 

and multifunctional adaptability, have significantly improved therapeutic precision and 

pharmacological performance in cancer management. This book chapter presents a comprehensive 

overview of targeted nanoparticles for precision drug delivery in oncology, emphasizing 

fundamental mechanisms, nanoparticle engineering strategies, tumor-targeting approaches, and 

recent innovations in cancer nanomedicine. Major classes of nanocarriers including liposomes, 

polymeric nanoparticles, dendrimers, metallic nanoparticles, solid lipid nanoparticles, carbon-

based nanomaterials, and hybrid nanosystems receive extensive discussion with respect to 

structural properties, biological interactions, therapeutic efficiency, and translational relevance. 

Critical targeting strategies involving enhanced permeability and retention effects, receptor-

mediated active targeting, ligand-functionalized delivery systems, and stimuli-responsive smart 

nanoparticles receive detailed evaluation in relation to selective drug accumulation and controlled 

release within tumor microenvironments. Special emphasis focuses on multifunctional and 

theranostic nanoparticles integrating imaging, photothermal therapy, gene delivery, 

immunotherapy, and diagnostic monitoring within single nanoscale platforms for personalized 

cancer treatment. Emerging technologies involving artificial intelligence-assisted nanoparticle 

design, biomimetic nanocarriers, exosome-mediated therapeutics, CRISPR/Cas9 delivery systems, 

and adaptive precision nanomedicine further highlight the evolving landscape of modern 

oncology. The chapter also critically addresses major translational challenges including immune 

clearance, tumor heterogeneity, nanotoxicity, large-scale manufacturing, regulatory complexity, 

and clinical reproducibility affecting successful biomedical implementation.  
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Introduction 

Cancer remains one of the most complex and life-threatening diseases affecting global public 

health, creating substantial medical, economic, and social burdens across both developed and 

developing nations. Uncontrolled cellular proliferation, genetic mutations, metastatic progression, 

and resistance to therapeutic intervention contribute significantly toward increasing mortality rates 

associated with various malignancies [1]. Conventional treatment modalities including 

chemotherapy, radiotherapy, surgery, hormonal therapy, and immunotherapy have demonstrated 

substantial clinical importance in cancer management for several decades. Significant 

improvements in diagnostic imaging, molecular biology, and therapeutic intervention have 

enhanced survival outcomes for certain cancer types [2]. Severe limitations associated with 

traditional anticancer therapies continue to hinder long-term therapeutic success because 

nonspecific drug distribution frequently damages healthy tissues along with malignant cells [3]. 

Systemic toxicity, multidrug resistance, poor aqueous solubility, rapid metabolic degradation, 

inadequate tumor penetration, and dose-limiting adverse reactions frequently reduce therapeutic 

efficiency and compromise patient quality of life. Cardiotoxicity, nephrotoxicity, neurotoxicity, 

gastrointestinal complications, immunosuppression, and hematological disorders commonly 

emerge following prolonged chemotherapeutic administration [4]. Tumor heterogeneity and 

adaptive molecular signaling pathways further complicate treatment response, leading to 

recurrence and metastatic dissemination in advanced-stage malignancies. Such limitations have 

accelerated scientific interest toward development of highly selective therapeutic systems capable 

of improving drug localization within tumor tissues while minimizing off-target toxicity. Precision 

oncology therefore continues to evolve toward advanced drug delivery approaches capable of 

integrating molecular targeting, controlled release behavior, and personalized therapeutic 

intervention for improved cancer management and long-term clinical outcomes [5]. 

Nanotechnology has emerged as a revolutionary interdisciplinary field capable of transforming 

modern oncology through development of highly efficient nanoscale therapeutic systems. 

Nanoparticles possess unique physicochemical characteristics including ultrasmall dimensions, 

high surface-area-to-volume ratio, tunable morphology, surface modifiability, and exceptional 

biological interaction capability [6]. Such distinctive properties support enhanced drug 

encapsulation, improved circulation stability, prolonged systemic retention, and selective 

accumulation within tumor tissues. Nanoparticle-mediated drug delivery systems provide 

substantial advantages over conventional formulations because nanoscale carriers protect 

therapeutic compounds from premature degradation while facilitating controlled release and 

enhanced intracellular transport [7]. Liposomes, polymeric nanoparticles, dendrimers, metallic 

nanoparticles, solid lipid nanoparticles, carbon nanotubes, graphene derivatives, and hybrid 

nanomaterials have demonstrated remarkable therapeutic potential across diverse oncological 

applications [8]. Continuous advancements in biomaterials engineering and surface 

functionalization techniques have accelerated development of multifunctional nanocarriers 

capable of integrating therapeutic delivery, imaging, biosensing, and molecular targeting within 

single platforms. Nanoparticle systems also improve pharmacokinetic and pharmacodynamic 

performance of anticancer agents through enhanced solubility, increased bioavailability, and 

optimized tissue penetration [9]. Structural flexibility permits incorporation of hydrophilic drugs, 

hydrophobic compounds, nucleic acids, proteins, peptides, and gene-editing components into 

highly stable nanoscale formulations. Such technological progress has significantly strengthened 



the role of nanomedicine in targeted cancer therapy and precision-based oncological intervention. 

Rapid expansion of translational nanotechnology therefore continues to redefine therapeutic 

strategies aimed at overcoming biological barriers and improving overall cancer treatment 

efficiency [10]. 

 


