Surbhi Kamboj/Afi-J.Bio.Sc. 6(Si3) (2024) ISSN: 2663-2187

https://doi.org/10.33472/AFJBS.6.5i3.2024.712-726

FJBS

Research Paper Open Access

Convergence of Artificial Intelligence and Nanoparticle Delivery Systems:
Enhancing Curcumin's Potential in Targeted Cancer Therapy

Surbhi Kambojl, Anil Kumar?, Ankita Tripathi3, L. Karpagavalli4, Meenakshi Tyagi’,
Archana Sharma®, Mathews T Thelly7 , Pankaj Bhatt®

'KIET School of Pharmacy, KIET Group of Institutions, Ghaziabad

’Head & Assistant Professor, Department of Chemistry (PG), Sahibganj College Sahibganj,
Jharkhand, India

3 Associate Professor, [IMT College of Pharmacy, Greater Noida, U.P

*Professor, Department of Pharmaceutics, Saveetha College of Pharmacy,

SIMATS, Chennai, India

> Associate Professor, Quantum University Roorkee-247667, India

SKIET Group of institutions, Ghaziabad

7 Associate Professor, Head and Research Guide, Department of Botany, Kuriakose Elias
College Mannanam, Kottayam, Kerala, India

*Lloyd Institute of Management and Technology, Plot No. 11, Knowledge Park- II, Greater
Noida, Uttar Pradesh 201308

Corresponding Author: Dr. Mathews T Thelly

Associate Professor, Head and Research Guide, Department of Botany, Kuriakose Elias
College Mannanam, Kottayam, Kerala, India

712



Surbhi Kamboj/ Afr.J.Bio.Sc. 6(Si3) (2024) Page 713 to 10

Article Info ABSTRACT:
The convergence of artificial intelligence (AI) and
Volume 6, Issue Si3, June 2024 nanoparticle delivery systems holds great promise in
revolutionizing cancer therapy, particularly in enhancing the
Received: 19 April 2024 efficacy of curcumin-based treatments. This review explores

the current challenges in cancer therapy, highlighting the
resistance to traditional chemotherapy, lack of selectivity, and

Accepted: 25 May 2024 the need for innovative targeted therapies. We discuss
curcumin's potential as an anti-cancer agent, its
Published: 10 June 2024 pharmacological properties, evidence of anticancer effects in

preclinical studies, and limitations in bioavailability and
delivery. Additionally, we delve into nanoparticle delivery
systems, covering types of nanoparticles, advantages, and
examples of formulations for curcumin delivery. Furthermore,
we examine the integration of Al algorithms with nanoparticle
design, predictive modeling for optimizing drug delivery
parameters, and present case studies demonstrating Al-driven
nanoparticle optimization for curcumin delivery. Finally, we
discuss future perspectives, including opportunities for further
research and development, regulatory considerations, and
ethical implications of Al in cancer therapy. This
comprehensive review underscores the transformative
potential of Al-driven nanoparticle delivery systems in
enhancing curcumin's efficacy for targeted cancer therapy,
while also addressing the challenges and opportunities that lie
ahead in this exciting field.
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1. Introduction

Cancer therapy remains a formidable challenge in modern medicine due to its complexity,
heterogeneity, and the limited efficacy of traditional treatment modalities[1]. Conventional
chemotherapy often lacks specificity, resulting in off-target effects and systemic toxicity.
Moreover, the development of drug resistance poses a significant obstacle to successful
cancer treatment[2]. In this context, the exploration of novel therapeutic approaches is
imperative to improve patient outcomes and address the shortcomings of current cancer
therapies[3]. Curcumin, a natural polyphenol derived from the rhizome of Curcuma longa,
has emerged as a promising candidate for cancer therapy[4]. Extensive preclinical studies
have demonstrated its diverse pharmacological properties, including anti-inflammatory,
antioxidant, and anticancer effects. Curcumin exhibits pleiotropic mechanisms of action,
targeting multiple signaling pathways involved in cancer initiation, progression, and
metastasis[5]. However, despite its remarkable therapeutic potential, the clinical translation of
curcumin has been hindered by its poor aqueous solubility, low bioavailability, and rapid
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metabolism. Nanoparticle delivery systems offer a promising solution to overcome the
limitations of conventional curcumin formulations and enhance its therapeutic efficacy in
cancer treatment[6]. Nanoparticles can encapsulate curcumin, protecting it from degradation
and facilitating its targeted delivery to tumor sites. Various types of nanoparticles, including
liposomes, polymeric nanoparticles, and solid lipid nanoparticles, have been explored for
curcumin delivery, each offering unique advantages in terms of stability, biocompatibility,
and controlled release properties[7]. By encapsulating curcumin within nanoparticles,
researchers can achieve sustained drug release, improve cellular uptake, and enhance its
pharmacokinetic profile, thereby maximizing its therapeutic potential against cancer[8].
Artificial intelligence (Al) has revolutionized healthcare by enabling data-driven decision-
making, personalized treatment strategies, and predictive modeling for disease diagnosis and
management[9]. In the context of cancer therapy, Al holds immense promise for optimizing
treatment regimens, predicting therapeutic responses, and identifying novel drug targets.
Machine learning algorithms can analyze vast datasets, including genomic, proteomic, and
imaging data, to identify patterns and correlations that may elude human intuition[10]. By
integrating Al-driven approaches with nanoparticle design and drug delivery optimization,
researchers can expedite the development of innovative cancer therapeutics with enhanced
efficacy and safety profiles. The convergence of artificial intelligence and nanoparticle
delivery systems represents a paradigm shift in cancer therapy, offering a synergistic
approach to overcome the inherent challenges associated with traditional treatment
modalities[11]. AI algorithms can analyze patient-specific data to tailor nanoparticle
formulations for optimal drug delivery, taking into account factors such as tumor
characteristics, drug pharmacokinetics, and patient demographics[12]. Moreover, Al-driven
predictive modeling can guide the rational design of nanoparticle carriers with improved
physicochemical properties, targeting ligand specificity, and drug release kinetics, thereby
enhancing the therapeutic index of encapsulated agents like curcumin[13].
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Figure 1: Schematic representation of different types of nanoparticles

Current Challenges in Cancer Therapy
Cancer therapy continues to pose significant challenges despite advancements in medical
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science and technology[14]. From resistance to traditional chemotherapy to the lack of
selectivity and off-target effects, these challenges necessitate innovative approaches for
effective treatment strategies[15].

A. Resistance to Traditional Chemotherapy

One of the foremost challenges in cancer therapy is the development of resistance to
traditional chemotherapy agents. Cancer cells possess a remarkable ability to adapt and
evolve, leading to the emergence of drug-resistant phenotypes[16]. This phenomenon, known
as multidrug resistance (MDR), severely limits the efficacy of chemotherapy and contributes
to treatment failure and disease progression[17]. The mechanisms underlying drug resistance
are multifaceted and complex, involving alterations in drug transport, metabolism, and
cellular signaling pathways. Efflux pumps, such as P-glycoprotein, actively pump
chemotherapeutic agents out of cancer cells, reducing intracellular drug concentrations and
rendering them ineffective[18]. Additionally, cancer cells can acquire mutations in genes
encoding drug targets or downstream signaling molecules, thereby circumventing the
cytotoxic effects of chemotherapy drugs[19]. Overcoming drug resistance represents a
formidable challenge in cancer therapy, requiring innovative strategies to circumvent or
reverse resistance mechanisms. Combination therapies that target multiple signaling
pathways simultaneously may help overcome resistance and improve treatment outcomes.
Furthermore, the development of targeted therapies directed against specific molecular
alterations in drug-resistant tumors holds promise for personalized treatment
approaches[20,21].

B. Lack of Selectivity and Off-Target Effects

Conventional chemotherapy suffers from a lack of selectivity, leading to off-target effects and
systemic toxicity[22]. Chemotherapeutic agents often damage healthy tissues and organs,
resulting in adverse side effects that impact patient quality of life and treatment adherence.
The non-specific nature of chemotherapy also limits its therapeutic index, necessitating dose
reductions or treatment interruptions to manage toxicity[23]. The lack of selectivity in
chemotherapy is primarily attributed to the rapid proliferation of cancer cells compared to
normal cells, making them more susceptible to cytotoxic agents. However, healthy tissues
with high rates of cell turnover, such as the bone marrow and gastrointestinal tract, are also
affected by chemotherapy-induced toxicity[24]. Additionally, chemotherapy drugs may
exhibit off-target effects by interfering with essential cellular processes or disrupting
physiological functions unrelated to cancer. Addressing the lack of selectivity and off-target
effects in cancer therapy requires the development of targeted drug delivery strategies that
selectively deliver therapeutic agents to tumor cells while minimizing systemic exposure[25].
Nanoparticle-based drug delivery systems offer a promising solution by encapsulating
chemotherapy drugs within nanoparticles and functionalizing their surfaces with targeting
ligands that recognize specific biomarkers expressed on cancer cells[26]. This targeted
approach enhances drug accumulation at the tumor site while reducing exposure to healthy
tissues, thereby improving therapeutic efficacy and minimizing toxicity[27].

C. Need for Innovative Targeted Therapies

The advent of targeted therapies has revolutionized cancer treatment by exploiting specific
molecular alterations driving tumor growth and progression. Unlike traditional chemotherapy,
which indiscriminately targets rapidly dividing cells, targeted therapies selectively inhibit key
oncogenic pathways implicated in cancer pathogenesis[28]. This precision approach offers
the potential for improved therapeutic outcomes with reduced systemic toxicity. Targeted
therapies encompass various modalities, including small-molecule inhibitors, monoclonal
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antibodies, and immune checkpoint inhibitors, each designed to interfere with specific
molecular targets involved in tumor growth and survival[29]. For example, tyrosine kinase
inhibitors (TKIs) block aberrant signaling pathways activated by mutant kinases, such as
epidermal growth factor receptor (EGFR) or BRAF, in certain cancers. Similarly, monoclonal
antibodies can selectively target cell surface receptors or ligands, inhibiting downstream
signaling cascades and promoting immune-mediated tumor destruction[30]. Despite the
clinical success of targeted therapies in certain cancer types, challenges remain, including the
development of resistance, limited efficacy in some patients, and adverse effects associated
with prolonged treatment[31]. Moreover, the heterogeneity of tumors and the dynamic nature
of oncogenic signaling pathways pose significant obstacles to effective targeted therapy.
Addressing these challenges requires innovative approaches that leverage emerging
technologies, such as artificial intelligence (Al) and genomic profiling, to identify actionable
molecular targets and predict therapeutic responses[32]. By integrating Al-driven algorithms
with high-throughput screening assays and patient-derived data, researchers can accelerate
the discovery and development of novel targeted therapies tailored to individual patient
profiles[33].

Curcumin: A Potential Anti-Cancer Agent
Curcumin, a natural polyphenol derived from the rhizome of Curcuma longa, has garnered
significant attention for its potential as an anti-cancer agent[34].
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Figure 2: Structure of curcumin

A. Overview of Curcumin's Pharmacological Properties

Curcumin exhibits a diverse array of pharmacological properties that contribute to its
potential as an anti-cancer agent. As a polyphenolic compound, curcumin possesses potent
antioxidant and anti-inflammatory activities, which have been extensively studied in the
context of cancer prevention and treatment[35]. Additionally, curcumin demonstrates the
ability to modulate various cellular signaling pathways implicated in cancer pathogenesis,
including nuclear factor-kappa B (NF-«kB), signal transducer and activator of transcription 3
(STAT3), and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) pathways[36].
Furthermore, curcumin has been shown to induce apoptosis, inhibit angiogenesis, and
suppress metastasis in cancer cells, highlighting its multifaceted mechanisms of action[37].
Its ability to target multiple hallmarks of cancer makes curcumin an attractive candidate for
cancer therapy, offering the potential for synergistic effects when combined with
conventional treatments[38].

B. Evidence of Curcumin's Anticancer Effects in Preclinical Studies

Preclinical studies have provided compelling evidence of curcumin's efficacy against various
types of cancer, including breast, colorectal, prostate, lung, and pancreatic cancer, among
others[39]. In vitro studies have demonstrated that curcumin inhibits cancer cell proliferation,
induces cell cycle arrest, and promotes apoptosis through multiple mechanisms. Moreover,
curcumin exhibits synergistic effects with conventional chemotherapy agents, enhancing their
anticancer activity and overcoming drug resistance in cancer cells[40]. In animal models of
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cancer, curcumin supplementation has been shown to suppress tumor growth, reduce tumor
burden, and inhibit metastasis, underscoring its potential as a therapeutic agent. Additionally,
curcumin has been found to modulate the tumor microenvironment, inhibiting inflammation
and angiogenesis while promoting immune surveillance against cancer cells[41]. Despite the
promising results observed in preclinical studies, the translation of curcumin's anticancer
effects to clinical settings has been hindered by its poor aqueous solubility, low
bioavailability, and rapid metabolism. These limitations pose significant challenges to the
effective delivery of curcumin to tumor sites and limit its therapeutic efficacy in vivo[42].

C. Limitations of Curcumin's Bioavailability and Delivery

The bioavailability of curcumin is notoriously low due to its poor solubility in water and
rapid metabolism and elimination in the body. After oral administration, curcumin undergoes
extensive metabolism in the liver, leading to the formation of conjugated metabolites with
reduced biological activity[43]. Additionally, curcumin is prone to degradation under
physiological conditions, further compromising its bioavailability and therapeutic potential.
To address the limitations of curcumin's bioavailability and delivery, various strategies have
been explored, including the use of adjuvants, formulation of curcumin nanoparticles, and
incorporation into lipid-based carriers[44]. Nanoparticle-based delivery systems offer a
promising approach to enhance curcumin's stability, improve its solubility, and prolong its
circulation time in the bloodstream, thereby increasing its accumulation at tumor sites[45].
Furthermore, the functionalization of nanoparticles with targeting ligands can facilitate site-
specific delivery of curcumin to cancer cells, enhancing its therapeutic efficacy while
minimizing off-target effects[46]. By overcoming the bioavailability barriers associated with
conventional curcumin formulations, nanoparticle-based delivery systems hold the potential
to unleash the full therapeutic benefits of curcumin in cancer therapy[47].

Nanoparticle Delivery Systems for Curcumin
Nanoparticle delivery systems represent a promising approach to enhance the therapeutic
efficacy of curcumin in cancer therapy[48].
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Figure 3: Different strategies of curcumin nano particles preparation
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A. Types of Nanoparticle Delivery Systems

Nanoparticle delivery systems encompass a diverse range of formulations designed to
encapsulate therapeutic agents, such as curcumin, and facilitate their targeted delivery to
tumor sites. Some of the commonly used nanoparticle platforms include liposomes,
polymeric nanoparticles, micelles, dendrimers, and solid lipid nanoparticles[49]. Liposomes
are lipid-based vesicles composed of phospholipid bilayers that can encapsulate hydrophobic
drugs like curcumin within their core or lipid membrane. Polymeric nanoparticles are
synthetic or natural polymers, such as poly(lactic-co-glycolic acid) (PLGA) or chitosan, that
form nanoparticles capable of entrapping curcumin through physical encapsulation or
chemical conjugation[49]. Micelles are self-assembled structures composed of amphiphilic
molecules that solubilize hydrophobic drugs like curcumin in their hydrophobic core[50].
Dendrimers are highly branched, tree-like molecules that can encapsulate curcumin within
their interior void spaces. Solid lipid nanoparticles are colloidal particles composed of
biocompatible lipids that encapsulate curcumin and provide sustained release upon
administration[51]. Each type of nanoparticle delivery system offers unique advantages in
terms of drug loading capacity, stability, biocompatibility, and controlled release properties,
making them suitable for various applications in cancer therapy[52].

B. Advantages of Nanoparticle-Based Drug Delivery

Nanoparticle-based drug delivery systems offer several advantages over conventional
formulations, particularly in the context of curcumin delivery for cancer therapy. First and
foremost, nanoparticles can improve the solubility and stability of curcumin, overcoming its
poor aqueous solubility and rapid degradation in physiological conditions[53]. By
encapsulating curcumin within nanoparticles, researchers can protect it from enzymatic
degradation and extend its circulation time in the bloodstream, thereby enhancing its
bioavailability and therapeutic efficacy[54]. Moreover, nanoparticle delivery systems can
facilitate targeted delivery of curcumin to tumor sites while minimizing exposure to healthy
tissues, thereby reducing off-target effects and systemic toxicity[55]. Functionalization of
nanoparticles with targeting ligands, such as antibodies or peptides, allows for site-specific
accumulation of curcumin within cancer cells, enhancing its selective cytotoxicity and
therapeutic index[56]. Furthermore, nanoparticle formulations can provide controlled release
of curcumin over an extended period, ensuring sustained drug levels at the tumor site and
minimizing fluctuations in plasma concentrations[57]. This prolonged exposure to curcumin
may potentiate its anticancer effects and overcome drug resistance mechanisms in cancer
cells.

C. Examples of Nanoparticle Formulations for Curcumin Delivery

Several nanoparticle formulations have been developed for curcumin delivery in cancer
therapy, demonstrating the versatility and potential of this approach[58]. For example,
liposomal formulations of curcumin have been shown to improve its solubility and stability,
leading to enhanced anticancer activity in preclinical models of various cancer types,
including breast, colorectal, and pancreatic cancer[59]. Polymeric nanoparticles have also
been extensively investigated for curcumin delivery, with studies demonstrating their ability
to encapsulate curcumin and achieve sustained release profiles[60]. PLGA nanoparticles
loaded with curcumin have shown promising results in inhibiting tumor growth and
metastasis in animal models of prostate and lung cancer[61]. Furthermore, solid lipid
nanoparticles have emerged as a promising carrier for curcumin delivery, offering enhanced
stability, biocompatibility, and controlled release properties[62]. Solid lipid nanoparticles
loaded with curcumin have demonstrated superior anticancer activity compared to free
curcumin in preclinical models of breast and colon cancer. These examples highlight the
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potential of nanoparticle-based delivery systems to overcome the limitations of conventional
curcumin formulations and enhance its therapeutic efficacy in cancer therapy[63,64].

Convergence of Artificial Intelligence and Nanoparticle Delivery Systems

The convergence of artificial intelligence (Al) and nanoparticle delivery systems represents a
groundbreaking approach to optimize curcumin delivery for enhanced efficacy in cancer
therapy[65].

A. Integration of AI Algorithms with Nanoparticle Design

The integration of Al algorithms with nanoparticle design offers a transformative approach to
tailor nanoparticle properties for optimal curcumin delivery. Machine learning algorithms can
analyze vast datasets encompassing physicochemical properties, drug release kinetics, and
biological interactions to guide the rational design of nanoparticles with enhanced therapeutic
performance[66,67]. Al-driven approaches enable the identification of key features
influencing nanoparticle behavior, such as particle size, surface charge, and surface
functionalization, thereby facilitating the optimization of nanoparticle formulations for
specific applications. By leveraging computational modeling and predictive analytics,
researchers can accelerate the development of nanoparticle carriers with tailored properties
optimized for curcumin delivery, enhancing drug bioavailability and targeting
efficiency[68,69].

B. Predictive Modeling for Optimizing Drug Delivery Parameters

Predictive modeling plays a pivotal role in optimizing drug delivery parameters to maximize
curcumin's therapeutic efficacy and minimize adverse effects[70]. Al algorithms can predict
drug release kinetics, biodistribution profiles, and pharmacokinetic parameters based on
nanoparticle characteristics and physiological factors, enabling precise control over drug
delivery parameters[71]. By integrating experimental data with computational simulations,
researchers can iteratively refine nanoparticle formulations to achieve desired drug release
profiles and optimize dosing regimens for optimal therapeutic outcomes[72]. Predictive
modeling allows for the identification of optimal nanoparticle compositions, drug loading
capacities, and release mechanisms, leading to the development of next-generation curcumin
delivery systems with improved efficacy and safety profiles[73].

C. Case Studies Demonstrating AI-Driven Nanoparticle Optimization for Curcumin
Delivery

Several case studies demonstrate the application of Al-driven approaches to optimize
nanoparticle formulations for curcumin delivery, highlighting the potential of this synergistic
approach in cancer therapy[23,1]. For instance, researchers have utilized machine learning
algorithms to analyze high-throughput screening data and identify nanoparticle compositions
that enhance curcumin solubility and stability[74]. In another study, predictive modeling
techniques were employed to optimize the surface properties of polymeric nanoparticles for
targeted curcumin delivery to tumor cells[75]. By integrating experimental data with
computational simulations, researchers achieved precise control over nanoparticle surface
modifications, resulting in enhanced cellular uptake and anticancer activity of curcumin in
vitro and in vivo. Furthermore, Al-driven approaches have been employed to predict drug
release kinetics and optimize formulation parameters for sustained curcumin delivery[76]. By
leveraging advanced computational models, researchers can tailor nanoparticle formulations
to achieve prolonged drug release profiles, thereby maximizing curcumin's therapeutic
efficacy while minimizing systemic exposure and off-target effects[77]. These case studies
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underscore the transformative potential of Al-driven nanoparticle optimization in
revolutionizing curcumin delivery for cancer therapy[78]. By harnessing the power of
artificial intelligence, researchers can overcome the inherent challenges associated with
conventional drug delivery systems and unlock the full therapeutic potential of curcumin in
the fight against cancer[79].

Future Perspectives and Challenges

As the convergence of artificial intelligence and nanoparticle delivery systems continues to
advance, it presents exciting opportunities for further research and development, along with
addressing regulatory considerations and ethical implications[80].

A. Opportunities for Further Research and Development

The intersection of artificial intelligence and nanoparticle delivery systems offers a multitude
of avenues for future exploration and innovation. Research efforts can focus on refining Al
algorithms to enhance predictive modeling of nanoparticle behavior and drug delivery
kinetics, allowing for more precise control over therapeutic outcomes[81]. Additionally, there
is a need for continued research into novel nanoparticle formulations and surface
modifications that optimize curcumin delivery to tumor sites while minimizing off-target
effects. Integration of Al-driven approaches with other emerging technologies, such as gene
editing and immunotherapy, may also hold promise for synergistic therapeutic interventions
in cancer treatment[82]. Furthermore, exploring the potential applications of Al in
personalized medicine and treatment optimization could revolutionize cancer therapy by
tailoring treatment regimens to individual patient characteristics and disease profiles.
Collaborative efforts between researchers, clinicians, and industry stakeholders are essential
to drive innovation and translate research findings into clinical practice[83,84].

B. Regulatory Considerations for AI-Driven Nanoparticle Delivery Systems

As Al-driven nanoparticle delivery systems move closer to clinical implementation,
regulatory considerations become increasingly important to ensure patient safety and
efficacy[85]. Regulatory agencies must establish clear guidelines for the evaluation and
approval of Al-driven medical devices and drug delivery systems, taking into account the
unique challenges posed by these technologies[86]. Key considerations include the validation
of Al algorithms used in nanoparticle design and optimization, ensuring robustness,
reliability, and generalizability across diverse patient populations and disease states[87].
Additionally, regulatory agencies must assess the safety and efficacy of nanoparticle
formulations, including their biocompatibility, stability, and long-term effects on patient
outcomes[88]. Collaboration between regulatory authorities, academic researchers, and
industry stakeholders is essential to establish standardized protocols for the evaluation and
approval of Al-driven nanoparticle delivery systems[54]. Clear communication and
transparency are crucial to foster trust and confidence in these emerging technologies among
healthcare professionals and patients[53,9].

C. Ethical Implications and Societal Impact of Al in Cancer Therapy

The integration of Al in cancer therapy raises important ethical considerations and societal
implications that warrant careful examination[22]. Ethical concerns may arise regarding
patient privacy, data security, and informed consent in the context of Al-driven decision-
making and personalized treatment strategies[89]. Moreover, there is a need to address issues
of equity and access to Al-driven cancer therapies, ensuring that these technologies benefit all
patients, regardless of socioeconomic status or geographic location[32]. Transparency and
accountability are essential to mitigate biases and ensure fair and equitable distribution of Al-
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driven healthcare resources[5,18]. Furthermore, societal attitudes towards Al in healthcare,
including cancer therapy, may influence acceptance and adoption of these technologies[55].
Public education and awareness campaigns are necessary to demystify Al and foster informed
discussions about its potential benefits and risks in cancer treatment[90,67].

2. Conclusion

The convergence of artificial intelligence and nanoparticle delivery systems presents a
groundbreaking opportunity to advance cancer therapy, particularly in enhancing the efficacy
of curcumin-based treatments. Through the integration of Al algorithms, researchers can
optimize nanoparticle design and predict drug delivery parameters, leading to personalized
treatment strategies tailored to individual patient profiles. This synergy holds tremendous
potential for improving therapeutic outcomes and patient quality of life. However, regulatory
considerations, ethical implications, and societal impact must be carefully addressed to
ensure responsible and equitable implementation of Al-driven healthcare solutions.
Collaborative efforts between researchers, clinicians, regulatory agencies, and industry
stakeholders are essential to overcome these challenges and realize the full potential of Al in
cancer therapy. With continued research, innovation, and interdisciplinary collaboration, the
integration of artificial intelligence and nanoparticle delivery systems will revolutionize
cancer treatment, offering new hope to patients and transforming the landscape of oncology.
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