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ABSTRACT 

Cancer remains one of the leading causes of mortality worldwide, posing significant challenges to conventional 
therapeutic approaches due to poor targeting, systemic toxicity, and multidrug resistance. Nanoparticle-based 
drug delivery systems (NDDSs) have emerged as a revolutionary strategy in oncological treatment, offering 
improved drug bioavailability, enhanced tumor targeting, and reduced off-target effects. These nanoscale 
carriers such as liposomes, dendrimers, polymeric nanoparticles, metallic nanoparticles, and lipid-based systems 
are engineered to optimize the pharmacokinetics and pharmacodynamics of chemotherapeutic agents. By 
exploiting passive and active targeting mechanisms, NDDSs facilitate preferential accumulation in tumor tissues 
via the enhanced permeability and retention (EPR) effect and ligand-receptor mediated interactions. Moreover, 
functionalization with ligands like antibodies, peptides, or aptamers further augments their specificity and 
uptake by cancer cells. This review provides an in-depth analysis of the types of nanoparticles employed in 
cancer therapy, design considerations for targeted delivery, recent advancements in stimuli-responsive and 
multifunctional NDDSs, and the translational challenges impeding clinical adoption. Emphasis is also placed on 
FDA-approved nanoformulations, emerging preclinical data, and prospects for personalized nanomedicine in 
oncology. Ultimately, NDDSs represent a promising frontier in improving cancer therapeutic outcomes while 
minimizing toxicity and enhancing patient quality of life. 
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INTRODUCTION 

Cancer remains one of the leading causes of death globally, with millions of new cases diagnosed each year. 
Despite remarkable progress in our understanding of tumor biology and the advent of advanced therapeutic 
strategies, cancer treatment still faces several formidable challenges[1–3]. Traditional therapeutic modalities 
such as chemotherapy, radiation therapy, and surgery have been the cornerstone of cancer treatment for decades. 
Among these, chemotherapy remains one of the most widely used approaches due to its ability to target rapidly 
dividing cells. However, conventional chemotherapeutic agents are associated with numerous limitations that 
severely hinder their long-term success in clinical settings[2, 4–6]. 
One of the most significant drawbacks of traditional chemotherapy is its lack of specificity. Most 
chemotherapeutic agents cannot distinguish between malignant and healthy proliferating cells, leading to 
systemic toxicity[7–9]. This indiscriminate targeting often results in severe side effects, including 
myelosuppression, gastrointestinal toxicity, alopecia, and cardiotoxicity, which greatly compromise patient 
quality of life and may even limit the dosage or duration of treatment [10]. In addition to off-target toxicity, 
many chemotherapeutic drugs suffer from poor solubility and bioavailability, necessitating the use of high drug 
concentrations that further exacerbate toxicity[11, 12]. 
Another major hurdle in cancer chemotherapy is the development of multidrug resistance (MDR), a 
phenomenon whereby cancer cells become resistant to a wide range of chemotherapeutic agents[13–15]. MDR 
can arise through various mechanisms, including increased drug efflux by ATP-binding cassette (ABC) 
transporters, enhanced DNA repair, alterations in drug targets, and evasion of apoptosis[16–18]. This 
resistance severely limits the effectiveness of chemotherapy, leading to disease recurrence and metastasis. 
Overcoming MDR is therefore a critical priority in the design of next-generation cancer therapies. 
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To address these pressing challenges, researchers have turned to nanotechnology, an interdisciplinary field that 
manipulates matter at the nanometer scale (typically between 1–100 nm), to engineer innovative solutions for 
drug delivery[19]. The development of nanoparticle-based drug delivery systems (NDDSs) represents a 
groundbreaking advancement in oncology[19]. These systems are engineered to improve the therapeutic index 
of anticancer agents by enhancing drug solubility, prolonging circulation time, facilitating targeted delivery, 
and enabling controlled release of the drug payload. NDDSs offer several key advantages over conventional 
drug formulations. Most notably, nanoparticles can be functionalized with targeting ligands, such as antibodies, 
peptides, or small molecules, that recognize and bind to specific receptors overexpressed on cancer cells. This 
active targeting strategy enhances the selective accumulation of therapeutic agents at tumor sites, thereby 
minimizing exposure to normal tissues and reducing systemic toxicity[20]. Additionally, the enhanced 
permeability and retention (EPR) effect, a phenomenon wherein nanoparticles preferentially accumulate in 
tumor tissues due to leaky vasculature and poor lymphatic drainage further promotes passive targeting of 
tumors[20]. 
Moreover, NDDSs can be designed to respond to specific stimuli within the tumor microenvironment (TME), 
such as acidic pH, elevated enzyme activity, or redox conditions. These stimuli-responsive systems enable site-
specific drug release, which further improves therapeutic efficacy and limits off-target effects[21]. Some NDDSs 
also facilitate co-delivery of multiple therapeutic agents, including small-molecule drugs, siRNAs, and 
immunotherapeutics, to achieve synergistic anticancer effects and combat MDR. Various types of nanocarriers 
have been developed for cancer therapy, including liposomes, polymeric nanoparticles, dendrimers, solid lipid 
nanoparticles, gold nanoparticles, mesoporous silica nanoparticles, and carbon-based nanomaterials[21]. Each 
of these platforms offers unique physicochemical properties that can be tailored to specific therapeutic needs. 
For example, liposomes have demonstrated clinical success with several FDA-approved formulations such as 
Doxil® (liposomal doxorubicin), which significantly reduces cardiotoxicity compared to free doxorubicin. 
Similarly, polymeric nanoparticles offer excellent versatility in terms of size, surface modification, and drug 
loading capacity[22]. 
Despite the promising potential of NDDSs, several challenges remain before they can be fully integrated into 
clinical practice. Issues such as large-scale manufacturing, batch-to-batch reproducibility, long-term safety, and 
regulatory approval must be carefully addressed. Additionally, the heterogeneity of the tumor 
microenvironment and interpatient variability can influence nanoparticle distribution and therapeutic outcomes, 
necessitating personalized approaches[23]. 
Nanoparticle-based drug delivery systems represent a transformative paradigm in cancer therapy. By addressing 
the limitations of conventional chemotherapy including poor specificity, systemic toxicity, and multidrug 
resistance. NDDSs pave the way for more effective, safer, and personalized cancer treatments. Continued 
interdisciplinary research and clinical translation efforts are essential to fully harness the potential of 
nanotechnology in the fight against cancer. 
2. Overview of Nanoparticles in Drug Delivery 
Nanoparticle-based drug delivery systems (NDDSs) represent a transformative approach in modern cancer 
therapy, offering improved specificity, reduced toxicity, and enhanced drug accumulation at tumor sites[24, 25]. 
Nanoparticles, defined as structures with dimensions ranging from 1 to 1000 nanometers, are engineered to 
encapsulate and transport chemotherapeutic agents while overcoming biological barriers. These systems 
improve pharmacokinetics and bioavailability, protect drugs from premature degradation, and allow for 
controlled or sustained release. Various nanoparticle types each with unique physicochemical properties are 
utilized to match the specific requirements of different therapeutic agents and cancer types[26, 27]. Moreover, 
NDDSs can exploit the enhanced permeability and retention (EPR) effect in tumors for passive targeting or be 
functionalized with ligands for active targeting of cancer cells. The modularity of nanoparticles enables them to 
be combined with imaging agents for diagnosis and monitoring, leading to theranostic applications. Current 
advancements also focus on multi-functional platforms capable of co-delivering drugs, genes, or 
immunomodulatory agents, enhancing therapeutic outcomes. Importantly, regulatory-approved formulations 
like liposomal doxorubicin (Doxil®) demonstrate the clinical viability of these systems[27, 28]. The following 
sections discuss the major nanoparticle types used in drug delivery: liposomes, polymeric nanoparticles, 
dendrimers, metallic nanoparticles, and lipid-based nanoparticles, outlining their mechanisms, advantages, and 
clinical relevance. 
2.1 Liposomes 

Liposomes are spherical vesicles composed of one or more phospholipid bilayers that can encapsulate therapeutic 
agents, making them versatile carriers for both hydrophilic and hydrophobic drugs[29–31]. Hydrophilic drugs 
are sequestered within the aqueous core, while hydrophobic drugs integrate into the lipid bilayer, offering dual 
drug-loading capability. Their biocompatibility, biodegradability, and ability to reduce systemic toxicity make 
liposomes one of the most studied and clinically used nanoparticle systems in cancer therapy. A notable example 
is Doxil®, a pegylated liposomal formulation of doxorubicin[32]. This formulation prolongs circulation time, 

minimizes cardiotoxicity, and enhances drug accumulation in tumors via the enhanced permeability and 
retention (EPR) effect. Surface modifications, such as PEGylation, prevent opsonization and uptake by the 
reticuloendothelial system, thus improving pharmacokinetics[33]. Furthermore, liposomes can be 
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functionalized with ligands (e.g., antibodies, peptides) for active targeting, enhancing selective uptake by cancer 
cells. Thermosensitive and pH-sensitive liposomes are also being developed to release drugs in response to 
tumor-specific stimuli. Despite their advantages, challenges include limited drug loading, stability during 
storage, and potential leakage of drugs. Nevertheless, ongoing innovations in liposome design are expanding 
their clinical applications in oncology, making them foundational components of NDDS strategies[33]. 
2.2 Polymeric Nanoparticles 

Polymeric nanoparticles are solid colloidal particles made from natural or synthetic biodegradable polymers 
such as polylactic-co-glycolic acid (PLGA), polycaprolactone (PCL), and chitosan[34, 35]. These systems are 
extensively researched for drug delivery due to their tunable size, surface properties, and degradation rates, 
which allow precise control over drug release kinetics. Polymeric nanoparticles offer enhanced protection of 
labile drugs from enzymatic degradation and can improve the solubility and bioavailability of poorly water-
soluble agents. They are suitable for both passive and active targeting strategies—passive via the EPR effect 
and active by surface conjugation with ligands like folate, transferrin, or antibodies for receptor-mediated 
endocytosis. Additionally, polymeric nanoparticles can co-deliver multiple agents (e.g., chemotherapeutics and 
siRNAs) in a single formulation, supporting combination therapy approaches [36, 37]. Their surfaces can also 
be engineered with PEG to increase circulation time or functionalized for stimulus-responsive drug release (e.g., 
pH, redox, or temperature-sensitive systems). PLGA-based nanoparticles have received FDA approval for 
various applications, highlighting their clinical potential. Despite challenges related to scale-up, reproducibility, 
and cost, continuous advancements in polymer synthesis and nanoparticle fabrication techniques are driving 
their translation from bench to bedside. 
2.3 Dendrimers 

Dendrimers are highly branched, monodisperse macromolecules with a tree-like architecture, characterized by 
a central core, internal branching units, and numerous terminal functional groups[2]. Their precise molecular 
size, shape, and surface chemistry make them ideal platforms for drug delivery, especially in cancer therapy. The 
multiple terminal groups allow for the conjugation of a wide range of therapeutic agents, targeting ligands, and 
imaging molecules, enabling multifunctionality in a single nanocarrier[38]. Dendrimers can encapsulate drugs 
within their internal cavities or covalently bind them to surface groups, offering both physical and chemical 
loading strategies. Poly(amidoamine) (PAMAM) and poly (propylene imine) (PPI) are among the most widely 
studied dendrimers. Their nanometric size facilitates cellular uptake via endocytosis, while their well-defined 
surface chemistry allows fine-tuning of pharmacokinetic and biodistribution profiles. Dendrimers can be 
functionalized to enhance biocompatibility, reduce cytotoxicity, and provide stimulus-responsive drug release. 
For example, folate-conjugated dendrimers can selectively target folate receptor-overexpressing tumor 
cells[38]Challenges with dendrimers include potential cytotoxicity from cationic surface groups, 
immunogenicity, and complex synthesis procedures. However, their versatility and modular design continue to 
attract significant research interest, particularly for personalized and targeted cancer therapies, diagnostics, and 
gene delivery. 
2.4 Metallic Nanoparticles 
Metallic nanoparticles, particularly gold (AuNPs) and iron oxide nanoparticles (IONPs), are garnering attention 
in cancer nanomedicine due to their unique optical, magnetic, and surface plasmon resonance properties[38]. 
These features make them highly suitable for both therapeutic and diagnostic applications a field known as 
theranostics. Gold nanoparticles are valued for their excellent biocompatibility, ease of functionalization, and 
ability to convert light into heat for photothermal therapy (PTT). When conjugated with targeting ligands and 
anticancer drugs, AuNPs can selectively accumulate in tumors and trigger drug release or hyperthermia under 
near-infrared (NIR) irradiation, causing localized tumor cell death. Iron oxide nanoparticles, on the other hand, 
possess superparamagnetic properties that make them ideal for magnetic resonance imaging (MRI) contrast 
enhancement and magnetic drug targeting[39]. Moreover, they can be directed to tumor sites using external 
magnetic fields, increasing drug accumulation and reducing off-target effects. Surface modifications improve 
their stability, biocompatibility, and functional capacity. Despite these benefits, metallic nanoparticles face 
challenges like long-term toxicity, accumulation in organs, and difficulty in degradation. Nevertheless, their 
multifunctional potential continues to drive research into safe and effective formulations that combine imaging, 
targeting, and therapy in a single platform. 
2.5 Solid Lipid Nanoparticles (SLNs) and Nanostructured Lipid Carriers (NLCs) 
Solid Lipid Nanoparticles (SLNs) and Nanostructured Lipid Carriers (NLCs) are lipid-based nanoparticles 
developed to overcome the limitations of traditional drug delivery systems, particularly for lipophilic 
compounds[40, 41]. SLNs consist of solid lipids stabilized by surfactants, which encapsulate drugs within a 
solid matrix, providing protection from degradation and enabling controlled drug release. However, SLNs often 
face limitations such as low drug loading and potential drug expulsion during storage. To address this, 
Nanostructured Lipid Carriers (NLCs) were developed, incorporating a blend of solid and liquid lipids to form 
a less ordered matrix, which enhances drug loading and minimizes leakage[41, 42]. Both systems are 
biocompatible and biodegradable, making them suitable for systemic, oral, and topical administration[43, 44]. 
They can also be surface-modified with PEG or targeting ligands for prolonged circulation and site-specific 
drug delivery. SLNs and NLCs exhibit excellent physical stability, scalable production, and the ability to bypass 
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multidrug resistance mechanisms in cancer cells. Their applications extend to delivering chemotherapeutics, 
anti-inflammatory agents, and even nucleic acids. Current research focuses on optimizing their composition and 
surface characteristics to improve therapeutic outcomes. As lipid-based carriers, SLNs and NLCs present 
promising alternatives for efficient and targeted cancer therapy with minimal systemic toxicity. 
3. Targeting Mechanisms in NDDSs 
3.1 Passive Targeting: Passive targeting primarily relies on the Enhanced Permeability and Retention (EPR) 
effect, a unique feature of solid tumors that enables selective accumulation of nanoparticles in tumor tissue[45]. 
Tumors often exhibit irregular, leaky vasculature due to rapid and defective angiogenesis, resulting in 
fenestrations or gaps ranging from 100 to 800 nm in endothelial linings. Additionally, the lymphatic drainage 
system in tumors is typically poor or dysfunctional, limiting the clearance of macromolecules and nanoparticles. 
These two pathological features together allow nanoparticles particularly those within the size range of 10–200 
nm to preferentially extravasate and accumulate in tumor tissues while sparing normal tissues[46]. Passive 
targeting does not involve any specific interaction between nanoparticles and tumor cells but depends on 
physiochemical parameters such as particle size, surface charge, shape, and hydrophilicity, which influence 
circulation time and biodistribution. Long-circulating nanoparticles, such as PEGylated liposomes, can evade 
the reticuloendothelial system (RES), prolonging their systemic presence and enhancing their likelihood of 
reaching the tumor site. This approach has been successfully employed in clinically approved nanomedicines 
like Doxil® for breast and ovarian cancers. However, variability in the EPR effect among different tumors and 
patients presents a major challenge to consistent therapeutic outcomes[46]. 
3.2 Active Targeting: Active targeting enhances the specificity of nanoparticle-based drug delivery systems 
by modifying their surfaces with ligands that selectively bind to overexpressed receptors on cancer cells or 
tumor-associated endothelium[47]. Unlike passive targeting, which depends on tumor physiology, active 
targeting uses a "lock-and-key" mechanism, where the ligand on the nanoparticle acts as a “key” to bind a “lock” 
specific receptors such as HER2, epidermal growth factor receptor (EGFR), folate receptor, or transferrin 
receptor found in abundance on tumor cells. Common targeting ligands include monoclonal antibodies (e.g., 
trastuzumab for HER2), peptides (e.g., RGD peptides for integrins), folic acid, aptamers, and small 
molecules[47]. Once binding occurs, the nanoparticle-receptor complex may be internalized via receptor-
mediated endocytosis, improving intracellular drug delivery and therapeutic efficacy. Active targeting not only 
enhances drug accumulation at the tumor site but also reduces systemic toxicity by minimizing off-target effects. 
It can be used in conjunction with passive targeting to increase specificity and drug delivery efficiency. Several 
preclinical and clinical studies have demonstrated the potential of this strategy in improving therapeutic indices, 
although challenges such as receptor heterogeneity, immune responses to ligands, and manufacturing 
complexity remain to be addressed for widespread clinical application[48]. 
4. Stimuli-Responsive Nanocarriers: Stimuli-responsive nanocarriers represent a cutting-edge advancement 
in nanoparticle-based drug delivery systems (NDDSs), enabling precise control over the release of therapeutic 
agents based on specific internal or external stimuli[49, 50]. These smart systems are engineered to exploit the 
unique characteristics of the tumor microenvironment or respond to externally applied triggers, thereby 
ensuring that drug release occurs selectively at the desired site and time. This spatiotemporal control minimizes 
systemic toxicity and enhances therapeutic efficacy, making them highly promising in the field of cancer 
therapy[50]. 
Internal stimuli-responsive nanocarriers take advantage of the distinct physiological conditions typically 
present in tumor tissues. One of the most exploited internal cues is pH[51]. Tumor tissues often exhibit a 
slightly acidic microenvironment due to altered metabolism and hypoxia. pH-sensitive nanoparticles are thus 
designed to remain stable at physiological pH (~7.4) but to destabilize or degrade in acidic conditions (~6.5 or 
lower), leading to the controlled release of the encapsulated drug specifically within the tumor region. This 
targeted release reduces off-target effects and maximizes drug accumulation at the tumor site[52]. 
Another common internal trigger is the redox potential, which differs significantly between normal and 
cancerous cells. Cancer cells generally contain higher levels of intracellular reducing agents such as glutathione. 
Redox-sensitive nanocarriers incorporate disulfide bonds or other redox-cleavable linkages in their structure, 
which remain intact in the bloodstream but break down in the presence of elevated glutathione levels inside 
cancer cells. This mechanism enables the precise release of drugs within malignant cells, sparing healthy tissues 
from unnecessary exposure[53]. Apart from internal cues, external stimuli can also be harnessed to control 
drug release from nanocarriers. Thermo-responsive systems are designed to alter their structure or solubility 
in response to elevated temperatures, which can be induced locally using external heat sources or focused 
ultrasound. This allows localized release of the drug in heated tumor regions. Similarly, magneto-responsive 
nanocarriers can be guided to tumor sites using external magnetic fields and subsequently triggered to release 
their cargo via magnetic heating or mechanical disruption. Ultrasound-triggered systems, on the other hand, 
use acoustic energy to induce changes in the carrier’s structure, leading to drug release with spatial 
precision.[54] 
Overall, stimuli-responsive nanocarriers provide a powerful strategy to overcome the limitations of conventional 
chemotherapy by enabling site-specific and controlled drug delivery. This innovation not only enhances 
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therapeutic outcomes but also significantly reduces adverse side effects associated with systemic drug 
distribution. 
5. Clinical Applications and Approved NDDSs (Nanoparticle Drug Delivery Systems) 
The clinical translation of nanoparticle-based drug delivery systems (NDDSs) marks a significant advancement 
in oncology, with several formulations already approved for therapeutic use. These approved NDDSs exemplify 
how nanotechnology can enhance drug pharmacokinetics, improve therapeutic indices, and minimize systemic 
toxicity compared to conventional chemotherapeutics[55]. 
One of the earliest and most successful NDDSs is Doxil®, a pegylated liposomal formulation of doxorubicin. It 
is approved for the treatment of ovarian cancer and AIDS-related Kaposi’s sarcoma. By encapsulating 
doxorubicin in liposomes and coating them with polyethylene glycol (PEG), Doxil® prolongs circulation time, 
enhances accumulation at tumor sites via the Enhanced Permeability and Retention (EPR) effect, and 
significantly reduces cardiotoxicity a major side effect of free doxorubicin[56]. 
Abraxane® is another clinically approved NDDS, consisting of paclitaxel bound to human serum albumin 
nanoparticles. It is used for the treatment of metastatic breast cancer, non-small cell lung cancer, and pancreatic 
cancer. The albumin-bound formulation improves drug solubility and facilitates receptor-mediated uptake into 
tumor cells via albumin-specific pathways, thereby enhancing the cytotoxic effect of paclitaxel while avoiding 
the need for toxic solvents like Cremophor EL[57]. 
Onivyde® is a liposomal formulation of irinotecan approved for use in metastatic pancreatic cancer, particularly 
in patients who have failed prior gemcitabine-based therapies. The liposomal delivery prolongs circulation, 
increases tumor uptake, and improves the drug’s half-life and tolerability[58]. 
These clinically approved NDDSs illustrate the potential of nanomedicine to transform cancer therapy by 
improving drug bioavailability, targeting efficiency, and therapeutic response. Ongoing clinical trials continue 
to evaluate newer nanoparticle-based drugs, expanding the repertoire of nanocarrier-enabled therapies in 
oncology and other disease domains. 
6. Advantages of NDDSs in Cancer Therapy 
Nanoparticle-based drug delivery systems (NDDSs) offer several distinct advantages over conventional 
chemotherapy in cancer treatment. One major benefit is the enhanced solubility and bioavailability of poorly 
water-soluble drugs, allowing for more effective delivery and absorption in the body[59]. PEGylation, the 
attachment of polyethylene glycol chains, significantly extends the circulation time of nanoparticles by 
preventing recognition and clearance by the immune system. NDDSs also protect drugs from premature 
degradation and clearance, ensuring more of the therapeutic agent reaches the target[60]. Tumor-specific 
accumulation is achieved through passive targeting using the Enhanced Permeability and Retention (EPR) effect 
and active targeting via ligands that bind to tumor-specific markers. This selectivity reduces systemic toxicity 
by minimizing exposure to healthy tissues. Furthermore, NDDS platforms can co-deliver multiple therapeutic 
agents, such as combinations of chemotherapeutic drugs, genes, or immunotherapeutics, enabling synergistic 
effects and overcoming drug resistance for improved clinical outcomes[60]. 
7. Challenges and Limitations 
Despite their potential, NDDSs face several challenges that hinder their widespread clinical translation. One 
major obstacle is the heterogeneity of tumor vasculature, which can limit the effectiveness of the Enhanced 
Permeability and Retention (EPR) effect and result in uneven nanoparticle distribution. Additionally, some 
nanomaterials may provoke immune responses or exhibit intrinsic toxicity, raising safety concerns. Scaling up 
production while ensuring reproducibility, stability, and cost-effectiveness remains a significant hurdle for 
industrial application. Regulatory pathways for NDDSs are also underdeveloped, with a lack of standardized 
protocols for safety assessment, quality control, and approval, slowing their entry into clinical use. Moreover, 
dense extracellular matrices in solid tumors can hinder deep nanoparticle penetration, reducing therapeutic 
efficacy. These challenges underscore the need for continuous innovation, rigorous safety evaluation, and 
standardized manufacturing protocols to ensure the successful integration of NDDSs into mainstream cancer 
therapy. 
8. Emerging Trends and Future Directions 
The future of NDDSs in cancer therapy lies in the development of next-generation platforms that integrate 
multiple functionalities. Multifunctional nanocarriers, or theranostics, combine therapeutic delivery with 
diagnostic imaging, allowing real-time monitoring of drug distribution and treatment response. Personalized 
nanomedicine is also gaining traction, where nanoparticles are tailored to the molecular profile of individual 
tumors, enhancing specificity and efficacy. Artificial Intelligence (AI) is increasingly being used to optimize 
nanocarrier design by predicting drug-nanoparticle interactions, biodistribution, and patient response. 
Biomimetic nanoparticles, such as those coated with cell membranes or derived from natural exosomes, offer 
improved biocompatibility, immune evasion, and targeted delivery. Additionally, CRISPR-loaded nanoparticles 
represent a promising frontier for gene editing in cancer therapy, enabling precise correction of oncogenic 
mutations. These emerging strategies aim to overcome current limitations and usher in a new era of safer, 
smarter, and more effective nanomedicine-based cancer treatments. 
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CONCLUSION 
Nanoparticle-based drug delivery systems represent a transformative approach in cancer therapeutics. Through 
enhanced targeting, controlled drug release, and reduced systemic toxicity, NDDSs offer significant 
improvements over conventional therapies. Continued advancements in nanoparticle engineering, combined 
with personalized medicine strategies and robust clinical translation pathways, hold the potential to 
revolutionize cancer care and significantly improve patient outcomes. 
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