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Abstract 

Artificial intelligence-driven nanomedicine has emerged as a transformative paradigm in 

precision oncology through the integration of computational intelligence, functionalized 

nanoparticles, and targeted therapeutic engineering. Conventional cancer therapies frequently 

encounter major limitations associated with systemic toxicity, multidrug resistance, poor tumor 

selectivity, inadequate biodistribution, and nonspecific drug accumulation, creating a critical 

demand for advanced and personalized therapeutic strategies. Functionalized nanoparticles 

provide remarkable advantages in cancer treatment due to tunable physicochemical properties, 

enhanced permeability, controlled drug release characteristics, improved cellular internalization, 

and selective interaction with tumor-associated biomarkers. Recent advancements in artificial 

intelligence, machine learning, and deep learning technologies have significantly accelerated 

nanoparticle design, optimization, predictive therapeutic modeling, and intelligent drug delivery 

within modern cancer nanomedicine. This book chapter presents a comprehensive overview of AI-

assisted design strategies for functionalized nanoparticles in targeted cancer therapy, emphasizing 

computational optimization of nanoparticle properties, data-driven nanocarrier engineering, 

predictive biodistribution analysis, stimuli-responsive therapeutic systems, and deep learning-

assisted tumor microenvironment evaluation. Special attention focuses upon adaptive 

nanomedicine frameworks, multifunctional theranostic nanoplatforms, personalized therapeutic 

modeling, and intelligent drug delivery systems capable of responding dynamically to complex 

biological conditions. Emerging artificial intelligence methodologies including neural networks, 

reinforcement learning, explainable AI, generative computational modeling, and autonomous 

therapeutic optimization platforms receive detailed scientific consideration due to increasing 

relevance within precision oncology applications. The chapter also examines critical translational 

challenges involving biological complexity, dataset standardization, model interpretability, 

biosafety concerns, regulatory limitations, and clinical validation barriers affecting large-scale 

implementation of intelligent nanotherapeutics. Integration of multi-omics datasets, biomedical 

imaging analytics, and computational simulation models contributes toward individualized 

treatment planning and adaptive cancer management, strengthening therapeutic precision and 

reducing systemic toxicity. Rapid advancements in AI-assisted nanomedicine continue reshaping 

future cancer treatment paradigms through development of highly efficient, responsive, and 

patient-specific therapeutic systems, thereby establishing functionalized nanoparticle engineering 

as a promising frontier in next-generation oncology research and translational precision medicine. 
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Introduction 

Cancer continues to represent one of the most severe global healthcare challenges due to rising 

incidence rates, increasing mortality, and growing therapeutic complexity across multiple cancer 

types. Rapid urbanization, environmental pollution, genetic mutations, unhealthy lifestyles, aging 

populations, and prolonged exposure to carcinogenic agents contribute significantly toward 

increasing cancer prevalence worldwide [1]. Conventional therapeutic modalities including 

chemotherapy, radiotherapy, surgery, hormone therapy, and immunotherapy have achieved 

considerable clinical success in early-stage disease management and patient survival improvement. 

Nevertheless, major limitations associated with nonspecific drug distribution, multidrug 

resistance, systemic toxicity, poor therapeutic selectivity, and severe adverse side effects continue 

restricting overall treatment efficacy [2]. Tumor heterogeneity and dynamic microenvironmental 

conditions further complicate cancer management by promoting metastatic progression, 

therapeutic escape pathways, and recurrence following treatment completion. Several anticancer 

drugs exhibit inadequate aqueous solubility, limited bioavailability, rapid degradation, and poor 

intracellular penetration, resulting in reduced pharmacological performance within malignant 

tissues [3]. Such therapeutic challenges necessitate development of advanced targeted drug 

delivery systems capable of improving treatment precision while minimizing damage toward 

healthy organs and normal physiological functions. In recent decades, nanotechnology-based 

therapeutic systems have emerged as promising alternatives for overcoming limitations associated 

with traditional cancer treatment approaches [4]. Nanomedicine introduces highly engineered 

nanoscale carriers capable of selective drug transport, controlled release behavior, improved 

pharmacokinetics, and enhanced accumulation within tumor tissues. Continuous advancements in 

biomedical engineering, materials science, molecular oncology, and computational medicine have 

therefore accelerated research interest toward intelligent nanoparticle-based therapeutic platforms 

for precision cancer management [5]. 

Functionalized nanoparticles occupy a prominent position within cancer nanomedicine due to 

exceptional physicochemical characteristics and highly adaptable surface engineering capability. 

Nanoparticles generally range between 1 and 100 nanometers in size and demonstrate unique 

optical, magnetic, electrical, and biological properties that differ substantially from bulk materials 

[6]. Such nanoscale structures facilitate enhanced permeability and retention within tumor tissues 

through leaky vasculature and impaired lymphatic drainage mechanisms commonly associated 

with malignant growth. Functionalization strategies involving conjugation of ligands, antibodies, 

aptamers, peptides, polymers, carbohydrates, and biomolecules significantly improve targeting 

specificity and therapeutic performance of nanoparticle systems [7]. Surface-engineered 

nanocarriers support selective interaction with overexpressed receptors and molecular biomarkers 

present upon cancer cells, thereby improving intracellular uptake and reducing off-target toxicity. 

Lipid nanoparticles, polymeric nanoparticles, metallic nanoparticles, mesoporous silica 

nanoparticles, dendrimers, magnetic nanoparticles, quantum dots, and carbon-based nanomaterials 

have demonstrated substantial potential for targeted drug delivery, molecular imaging, 

photothermal therapy, and theranostic applications [8]. Controlled release capability, high drug 

encapsulation efficiency, prolonged circulation time, and stimuli-responsive activation further 

strengthen therapeutic effectiveness of functionalized nanoparticles across diverse oncological 

applications. Advanced multifunctional nanoplatforms integrating diagnostic and therapeutic 

capability within a single carrier system also contribute toward real-time disease monitoring and 



precision treatment planning [9]. Such innovations continue transforming cancer nanomedicine by 

enabling safer and more efficient therapeutic intervention strategies tailored toward complex 

biological conditions associated with malignant disease progression [10]. 


