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   ABSTRACT   

Nanotechnology has emerged as a transformative approach in cancer 

therapy, offering innovative solutions for improving drug delivery, 

diagnostics, and treatment precision. At the core of this advancement are 

nanoparticles, engineered to specifically target cancer cells while 

minimizing damage to healthy tissues. Their unique nanoscale properties 

allow for enhanced drug stability, selective delivery, and controlled 

release, overcoming many limitations of conventional therapies such as 

drug resistance, toxicity, and non-specific targeting. This review explores 

various types of nanoparticles used in cancer treatment, including metallic 

nanoparticles (e.g., gold and silver), polymeric nanoparticles (e.g., 

PLGA), and lipid-based nanoparticles (e.g., liposomes and solid lipid 

nanoparticles). Metallic nanoparticles provide versatile platforms for drug 
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delivery and photothermal therapy, while polymeric nanoparticles offer 

sustained drug release and biodegradability. Lipid-based systems, known 

for their biocompatibility, facilitate targeted drug accumulation in tumors 

through both passive and active targeting mechanisms. The review also 

highlights the ability of nanoparticles to respond to stimuli such as pH and 

temperature changes, enabling site-specific drug release within the tumor 

microenvironment. Additionally, it discusses challenges related to the 

safety, scalability, and regulatory approval of nanoparticle-based 

therapies, which must be addressed for clinical translation. Overall, the 

integration of nanotechnology in oncology represents a promising frontier 

for developing next-generation cancer therapies. By enhancing treatment 

specificity and reducing adverse effects, nanoparticles hold the potential 

to revolutionize cancer care and significantly improve patient outcomes. 

 

 

1. Introduction to Nanotechnology in Cancer Therapy 

Nanotechnology offers revolutionary ways of treating cancer, mostly by enhancing drug delivery 

and increasing the accuracy of diagnostic methods [1]. The technology is meant to address cancer 

more efficiently with less damage to healthy tissues. Nanoparticles, the backbone of this 

technology, possess exceptional abilities that can revolutionize cancer treatment. Nanoparticles 

are targeted specifically to cancer cells, thereby reducing the side effects commonly associated 

with treatments such as chemotherapy and radiation [1]. Targeting cancer cells, the particles bring 

drugs directly to the point where they are needed, improving the potential for successful treatment 

while reducing the effect on the rest of the body. This targeted approach is especially promising 

for difficult-to-treat cancers. Nanoparticle use holds promising potential for developing next-

generation drug delivery systems and novel therapeutic applications in cancer therapy [2]. Due to 

their nanoscale size and special surface properties, nanoparticles are able to be designed to deliver 

drugs, heat, or radiation selectively to the cancer cells. Such targeting not only enhances the 

efficacy of the treatment but also leads to new categories of therapy not previously available 

through nanotechnology. Conventional cancer treatments tend to grapple with issues such as 

cancer cells becoming resistant to drugs, the toxic effects of treatments on normal cells, and a 

general lack of specificity in attacking tumors [3], [4]. These issues can restrict how effective 
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treatments are and lead to severe side effects for patients. Nanoparticles are engineered to address 

many of these issues, offering a more efficient and targeted approach to treating cancer. In 

comparison to conventional drugs, nanoparticles provide enhanced stability, greater compatibility 

with the body, easier penetration of tissues, and greater accuracy in targeting specific sites [5], [4]. 

These changes ensure that the drugs reach cancer cells more efficiently, remain active in the body 

for longer periods of time, and cause less damage to healthy tissues. The potential of nanoparticles 

to be tailored to treat various cancers and to specific patient requirements is what renders them a 

superior innovation compared to conventional therapies. Nanoparticle drug delivery systems can 

penetrate the body's natural barriers in cancer therapy, particularly through the use of nanoparticles 

that respond to pH level and temperature changes [1]. Such responsiveness enables drugs to be 

released only in the tumor microenvironment, where conditions are unlike those in normal tissues. 

Through exploitation of these differences, nanoparticles can target drugs more effectively to cancer 

cells while sparing normal cells. This review is meant to provide an overview of recent 

advancements in using nanoparticles to overcome the different challenges in cancer therapy [6]. It 

discusses the means through which nanoparticles are being engineered and employed to enhance 

drug delivery, to target cancer cells more specifically, and to advance the general effectiveness of 

cancer treatments. Through considering the recent breakthroughs, this review hopes to provide 

insights into the promise of nanotechnology in revolutionizing cancer therapy. The discussion 

concerns the mechanism, application, and potentialities for the application of nanoparticles for 

cancer therapy with a focus on the latest breakthroughs in the field [3]. It delves into the way 

nanoparticles are created, the interactions of the particles with cancer cells, and ways of how 

particles can deliver medications, heat, or radiation straight to tumor tissues. Its intention is to 

deliver an understanding of the advances so far concerning the study of nanoparticles and the 

capacity of improvement they hold towards enhancing cancer treatments. It also discusses the 

potential drawbacks to applying nanoparticles in the treatment of cancer and peeks into what is to 

come [6]. Though great things lie ahead, obstacles need to be overcome as well, such as ensuring 

that they are safe, efficient, and mass-producible. By solving these challenges and considering 

directions for the future, this review seeks to direct further research and development in the area 

of nanotechnology for the treatment of cancer. 

2. Types of Nanoparticles Applied in Cancer Therapy 
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2.1. Metallic Nanoparticles: Metallic nanoparticles possess special physical and chemical 

properties, which make them flexible and economical to utilize for cancer therapy [2], [7]. Their 

minimal sizes, large surface area, and ease of functionalization with various coatings and 

molecules enable them to act on cancer cells in a targeted manner. This enables them to be utilized 

for the delivery of drugs, the generation of heat, or for promoting imaging for cancer diagnosis. 

Gold nanoparticles (AuNPs) have gained enormous popularity due to their compatibility with the 

body and their surface chemistry being tunable [8], [9]. The particles are easily modified so that 

they can be used for delivering drugs or targeting molecules so that they specifically bind to cancer 

cells. AuNPs also possess the capability to absorb light and convert it into heat that can be used to 

destroy cancer cells through a method known as photothermal therapy. Silver nanoparticles have 

indicated potential in the treatment of cancer through induction of cell death (apoptosis) and 

inhibition of tumor-feeding blood vessel formation (angiogenesis inhibition) [8]. Silver 

nanoparticles may interfere with cancer cell function to kill them. They also have antimicrobial 

functions, preventing infections that may particularly benefit immunocompromised cancer patients 

with cancer treatments weakening their immune system. 

2.2. Polymeric Nanoparticles 

Polymer-based nanoparticles provide higher selectivity and accumulate within tumors, resulting 

in more precise treatment [10]. Nanoparticles are composed of polymers, which are large 

molecules that are usually nontoxic for use within the body. They can be formulated to deliver 

drugs slowly over periods of time or to respond to certain signals in the tumor microenvironment, 

leading to controlled delivery of drugs. PLGA nanoparticles are also commonly employed to target 

drugs directly to tumors and for hyperthermia, which is a cancer treatment that involves the use of 

heat to destroy cancer cells [11]. PLGA, or poly(lactic-co-glycolic acid), is also a biodegradable 

polymer that degrades slowly in the body over time, releasing its contents gradually. PLGA 

nanoparticles can be engineered to include targeting molecules so that they bind specifically to 

cancer cells, making them a very useful drug for cancer therapy. Polymeric nanoparticles are able 

to deliver anticancer drugs to cancer cells directly, so the treatment is more efficient and side 

effects on normal cells are minimized [10]. Through this targeted method, side effects of 

chemotherapy are avoided because the drugs become localized in the tumor and not distributed in 

the body. Through drug delivery to cancer cells, these nanoparticles are able to enhance the 

likelihood of successful treatment as well as the quality of life for patients. 
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2.3. Lipid-Based Nanoparticles 

Lipid-based nanoparticles (LBNPs) enhance the effectiveness of cancer therapy and minimize 

harmful side effects [12]. Nanoparticles that consist of lipids, molecules with fat-like 

characteristics present naturally in the body, make up LBNPs. Due to their composition, LBNPs 

are highly biocompatible with the body and are effective at targeting drugs to cancer cells. 

Liposomes, nanostructured lipid carriers, and solid lipid nanoparticles are forms of LBNPs that 

possess special characteristics for cancer treatment [12]. Liposomes are spherical vesicles 

composed of a lipid bilayer, the same composition as cell membranes. Nanostructured lipid carriers 

and solid lipid nanoparticles are firmer structures that are capable of delivering drugs and 

protecting them from body degradation. Each of the LBNPs has varying benefits for drug delivery, 

depending on the particular needs of the treatment. LBNPs can be targeted to tumors using both 

passive and active targeting strategies, which enhances the release of drugs [12]. Passive targeting 

takes advantage of the natural affinity of nanoparticles to accumulate in tumors because of their 

permeable blood vessels. Active targeting entails modifying the surface of LBNPs with molecules 

that bind to target receptors on cancer cells, with the aim of more targeted delivery of drugs. The 

potential of combining both methods of targeting increases the promise of LBNPs as a method of 

cancer treatment. 

3. Targeting Mechanisms of Nanoparticles 

3.1. Passive Targeting: Nanoparticles employ the enhanced permeability and retention (EPR) 

effect to accumulate in tumor tissue without specifically targeting them [13], [5], [4]. This effect 

relies on the observation that tumors contain blood vessels with wide intercellular gaps, and as a 

consequence, nanoparticles gain easy access into the tumor more readily than they enter normal 

tissue. Tumors also lack functional lymphatic drainage, which is to say that nanoparticles are less 

likely to be removed from the tumor once inside. The EPR effect assists nanoparticles in entering 

cancer cells more efficiently since tumors contain leaky blood vessels and an incompetent 

lymphatic system [13], [5]. The leakage of the blood vessels facilitates nanoparticles to move 

through their walls and into the tumor tissue. The incompetent lymphatic drainage does not clear 

the nanoparticles, leaving them to build up in the tumor. Passive targeting enhances the amount of 

drug that accumulates at the tumor site, and thus it is easier to excise the tumor via surgery [1]. By 

targeting drugs within the tumor, passive targeting enhances the efficacy of treatment while 
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minimizing its effect on healthy tissues. This can result in improved patient outcomes and fewer 

side effects. 

3.2. Active Targeting 

Active targeting entails incorporating molecules known as ligands onto nanoparticles to enable 

them to bind specifically to cancer cells [2], [14]. The ligands are created to bind and identify 

receptors or markers that exist on the surface of cancer cells but not normal cells. Active targeting 

enables nanoparticles to deliver drugs or therapeutic agents selectively to cancer cells, thereby 

reducing harm to normal tissues. Ligands such as antibodies, peptides, transferrin, and folic acid 

are employed to target tumor-specific markers [14]. Antibodies are proteins that can bind to and 

identify specific molecules on cancer cells. Peptides are amino acid chains that are short in length 

and can bind to receptors on cancer cells. Transferrin and folic acid are molecules required by 

cancer cells for growth, and nanoparticles can be designed to deliver these molecules to target 

cancer cells selectively. The EGFR-SVM approach renders cancer therapies more specific and less 

toxic by attacking cancer cells more specifically [15]. EGFR, or epidermal growth factor receptor, 

is a protein on the surface of most cancer cells. The Support Vector Machine (SVM) is a machine 

learning algorithm that is capable of detecting patterns in data and assisting in the design of 

nanoparticles that target EGFR-expressing cancer cells specifically. This method aids in the release 

of drugs at cancer cells and not at healthy cells to minimize side effects and enhance the outcome 

of treatment. 

3.3. Stimuli-Responsive Targeting: Stimuli-responsive nanoparticles respond to internal or 

external stimuli such as enzymes, pH, temperature, light, and magnetic fields [14]. These 

nanoparticles are engineered to release their drug payload only when they meet a particular 

stimulus in the tumor microenvironment or when stimulated by an external source. This provides 

control over when and where the drug is released, maximizing its efficacy and reducing side 

effects. pH-sensitive nanoparticles release medicines in the tumor's acidic microenvironment, 

enhancing the efficacy of the drugs [1]. Tumors usually are more acidic than normal tissue because 

cancer cells exhibit higher metabolic rates. pH-sensitive nanoparticles utilize this disparity by 

releasing their payload of drugs upon contact with the acidic tumor environment. 

Thermoresponsive nanoparticles release drugs as the local temperature increases, enhancing 

targeted drug delivery [1]. The nanoparticles are engineered to release their drug content when 

they are heated, either by an external source such as a laser or by the body's inherent heat. This 
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provides precise control of drug delivery, as the drug is released only in the region that is being 

heated. 

4. Nanoparticle-Mediated Drug Delivery Systems 

4.1. Chemotherapy 

Nanoparticles enhance the delivery of chemotherapeutic drugs, enhancing their therapeutic action 

and reducing toxicity to the rest of the body [16], [17]. Through encapsulation of drugs in 

nanoparticles, the drugs are shielded from degradation within the body and targeted to cancer cells. 

This minimizes the side effects usually linked with chemotherapy since the drugs are localized in 

the tumor instead of distributed throughout the body. Drug encapsulation in nanoparticles enhances 

their solubility, stability, and half-life [16]. Some of the chemotherapeutic drugs are insoluble in 

water, and hence, there may be a restriction for them to perform effectively. Nanoparticles can 

increase the solubility of such drugs, making them more readily absorbed and distributed in the 

body. Nanoparticles also shield drugs from being degraded or cleared by the body too rapidly, 

which increases their circulation time and enables them to target the tumor more efficiently. 

Applying nanoparticles in combination chemotherapy is making drugs cooperate more effectively 

with each other and decreasing adverse side effects [17]. Combination chemotherapy is a therapy 

that applies two or more medications to cancer treatment. Nanoparticles may deliver these 

medications to the tumor coordinated, allowing the drugs to hit the tumor simultaneously and in 

their proper ratio. This can help patients achieve a better outcome with fewer side effects. 

4.2. Gene Therapy 

Nanoparticles have the ability to deliver nucleic acids, such as siRNA, to suppress the expression 

of specific genes in cancer cells [16], [18]. Gene therapy consists of manipulating the genetic 

content of cancer cells to inhibit their proliferation or enhance their susceptibility to therapy. 

siRNA, or small interfering RNA, is one of the nucleic acids that may be used to silence certain 

genes in cancer cells. Nanoparticles may prevent siRNA from being broken down in the body and 

deliver it to cancer cells, where it can act on them. The administration of chemotherapeutic agents 

and siRNA in combination in nanoformulations has the potential to treat cancer [18]. Through the 

combination of chemotherapy and gene therapy, it is possible that drug resistance could be 

avoided, and the therapeutic effectiveness enhanced for the treatment of cancer. Nanoparticles are 

able to deliver both forms of therapeutic agents in a coordinated manner so that both reach the 

tumor simultaneously and in the right ratios. Nanoparticles shield nucleic acids from degradation 
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and enable them to enter target cells [16]. Nucleic acids are unstable molecules that can easily be 

degraded within the body. Nanoparticles can shield nucleic acids from degradation and enable 

them to pass through cell membranes, enabling them to reach their target within the cell. 

4.3. Immunotherapy 

Nanoparticles enhance the efficacy of immunotherapy by delivering drugs more efficiently and 

modifying the tumor environment [5], [19]. Immunotherapy employs the body's own immune 

response to combat cancer. Nanoparticles can be employed to target immune-stimulating drugs 

directly to the tumor, where they can stimulate immune cells and generate an anti-tumor response. 

Nanoparticles can also be employed to remodel the tumor microenvironment to enhance immune 

cell infiltration and activity. ZIF-8 nanoparticles are able to deliver PD-1 inhibitors, enhancing the 

efficacy of cancer immunotherapy [20]. PD-1 inhibitors are immunotherapy drugs that inhibit the 

PD-1 protein, which cancer cells use to hide from the immune system. Through the delivery of 

PD-1 inhibitors via ZIF-8 nanoparticles to the tumor, it might be possible to make immunotherapy 

more effective and treat patients better. The combination of nanoparticle-based hyperthermia with 

immunotherapy increases anti-tumor responses [19]. Hyperthermia is the use of heat to destroy 

cancer cells. Hyperthermia, when combined with immunotherapy, can stimulate the immune 

system and increase the sensitivity of cancer cells to immune attack. Nanoparticles can be 

employed to deliver heat to the tumor site directly, making hyperthermia and immunotherapy more 

effective. 

5. Cancer Diagnosis and Imaging by Nanoparticles 

5.1. Magnetic Resonance Imaging (MRI) 

Magnetic nanoparticles (MNPs) are used as MRI contrast agents to detect cancer at an early stage 

[21], [22]. MRI is a robust imaging method that exploits magnetic fields and radio waves to 

produce high-resolution images of body organs and tissue. MNPs can be used to improve the 

contrast of images obtained from MRI, facilitating tumor and other abnormality detection. 

MNPs can be directed to precise locations in the body using an external magnetic field, which 

enhances the accuracy of diagnoses [21]. This enables specific targeting of tumors and other 

regions of interest, and has the potential to enhance the accuracy of cancer diagnosis and staging. 

MRI, when paired with personalized treatment, can assist in accurately defining the severity of the 

disease and ensuring that the appropriate treatment is employed [21]. Through the use of MRI to 

image the tumor and the tissues around it, physicians are able to better plan surgery, radiation 
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therapy, and other treatments. This personalized treatment maximizes the probability of successful 

treatment and reduces side effects. 

5.2. Computed Tomography (CT) 

Gold nanoparticles (AuNPs) act as contrast agents for X-ray imaging techniques like computed 

tomography (CT) [23]. CT is an imaging technique that uses X-rays to create cross-sectional 

images of the body. AuNPs can enhance the contrast of CT images, making it easier to detect 

tumors and other abnormalities. AuNPs enhance cancer cell detection since they remain in the 

body for a longer period and can be easily functionalized with molecules that bind to cancer cells 

[23]. This enables targeted imaging of tumors and other regions of interest, which can enhance the 

precision of cancer diagnosis and staging. The utilization of AuNPs makes large-scale production 

environmentally more friendly [23]. Plant extracts and natural materials can be used to synthesize 

AuNPs, and this reduces the utilization of harmful chemicals and thus makes production 

environmentally friendly. 

5.3. Fluorescence Imaging 

Quantum dots (QDs) and plant-based fluorescent markers, such as AuNPs, are utilized to locate 

cancers [23], [14]. Fluorescence imaging is an imaging method employing fluorescent molecules 

for visualizing cells and tissues. QDs and fluorescent AuNPs can be employed to label cancer cells 

for easier detection and research. 

Fluorescent nanoparticles produced with various plant extracts have been employed to identify 

cancer [23]. These nanoparticles provide a sustainable and biocompatible method of marking 

cancer cells, and therefore they are a useful tool in cancer diagnosis and research. Nanoparticles 

enhance the specificity and sensitivity of fluorescence imaging methods [24]. Encapsulation of 

fluorescent molecules in nanoparticles allows them to be shielded from degradation and targeted 

directly to cancer cells. This increases the fluorescent molecules' signal and minimizes background 

noise, allowing the detection of cancer cells and their behavior with greater facility. 

6. Nanoparticle-Based Hyperthermia and Photodynamic Therapy 

6.1. Nanoparticle-Mediated Hyperthermia 

Nanoparticles are used in hyperthermia-based cancer therapies to specifically kill cancer cells by 

raising their temperature [25], [19]. Hyperthermia is a technique of warming cancer cells to 

temperatures that can harm or kill them. Nanoparticles may be used to provide heat directly to the 

tumor with minimal damage to neighboring healthy tissues. Attaching nanoparticle-mediated 
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hyperthermia to chemo-radiotherapy enhances the efficacy of cancer treatment [25]. Chemo-

radiotherapy is the combination of chemotherapy and radiation therapy for the treatment of cancer. 

Hyperthermia may enhance the efficacy of these treatments by sensitizing the cancer cells to 

chemotherapy and radiation. Magnetic nanoparticles (MNPs) cause magnetic hyperthermia, 

offering a non-invasive treatment for cancer [21]. MNPs are injected into the tumor and then 

subjected to an external magnetic field for heating. This causes heating inside the tumor, which 

destroys cancer cells without harming nearby healthy tissues. 

6.2. Nano-Enabled Photodynamic Therapy (NE-PDT) 

NE-PDT employs light-activated photosensitizers to generate reactive oxygen species (ROS), 

which initiate apoptosis in tumor cells [26]. Photodynamic therapy (PDT) is a technique in which 

light is employed to activate a photosensitizer drug that subsequently produces ROS leading to the 

killing of tumor cells. Nanoparticles are utilized to target photosensitizers to the cancer, thereby 

increasing the efficiency of PDT. Nanoparticle enhancements boost drug delivery, selectivity, and 

ROS production in tumors [26]. Photosensitizers can be protected from degradation when 

encapsulated within nanoparticles, and delivered directly to cancer cells. Nanoparticles can also 

be engineered to improve ROS production to make PDT more efficient. NE-PDT is also combined 

with chemotherapy, immunotherapy, and targeted therapies in order to potentiate apoptotic 

responses [26]. This can be used in overcoming drug resistance and enhancing overall cancer 

treatment efficiency. 

6.3. Mechanisms of Action 

Hyperthermia and photodynamic therapy induce cancer cells to undergo death by various 

mechanisms, such as apoptosis and necrosis [26], [25]. Apoptosis is a process of programmed cell 

death that occurs naturally in the body. Necrosis is a type of cell death that results from injury or 

infection. Both hyperthermia and PDT can trigger apoptosis and necrosis in cancer cells, resulting 

in their death. Nanoparticles assist in the delivery of heat or light-sensitive drugs directly to tumor 

cells, minimizing the damage to normal tissues [26], [25]. This localized delivery assists in 

reducing side effects typically linked with cancer therapy, since the drug concentration is within 

the tumor and not distributed throughout the body. The communication between nanoparticles, 

ROS generation, and apoptotic pathways makes us better understand cancer biology and design 

new therapeutic strategies [26]. Through the investigation of how nanoparticles communicate with 
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cancer cells and the tissues around them, it is possible to find new targets for cancer therapy and 

create more efficient treatments. 

7. Overcoming Drug Resistance with Nanoparticles 

7.1. Mechanisms of Drug Resistance 

Cancer drug resistance occurs when cancer cells overexpress drug efflux transporters, defective 

apoptotic pathways, and live in a hypoxic environment [5]. Drug efflux transporters export drugs 

out of cancer cells, which stops them from reaching their target. Defective apoptotic pathways stop 

cancer cells from undergoing programmed cell death, so they become resistant to chemotherapy. 

A hypoxic environment, or low oxygen environment, can render cancer cells more resistant to 

radiation therapy and chemotherapy. Multiple drug resistance, toxicity, and lack of specificity 

cause huge issues with cancer treatments [3]. They can restrict how effective treatments are and 

make significant side effects for patients. Conventional cancer therapies tend to suffer from issues 

such as being harmful to the body and failing to reach the cells properly [27]. Such drawbacks can 

hinder cancer treatment and may lead to severe side effects for patients. 

7.2. Nanoparticles Targeting Resistance Mechanisms 

Nanoparticles that act on drug efflux transporters, apoptotic mechanisms, and hypoxic 

microenvironment can enhance the reversal of multidrug resistance [5]. Nanoparticles targeting 

these mechanisms of resistance can sensitize cancer cells to chemotherapy and radiation therapy. 

Nanoparticles inhibit several drugs from acting, which makes it possible to overcome the barriers 

of conventional cancer therapies [3]. This results in improved patient outcomes and fewer side 

effects. By incorporating targeting molecules, metal nanoparticles ensure that energy is delivered 

specifically to tumors, which increases the accuracy of treatment [2]. Targeted treatment is useful 

in reducing the side effects usually caused by cancer treatment because the therapeutic agents are 

localized in the tumor instead of distributed in the body. 

7.3. Clinical Evidence and Emerging Trends 

Clinical trials indicate that tumors reduce and there are fewer adverse effects when employing 

nanoparticle-based delivery systems [28]. This indicates that nanoparticles may be an effective 

and safe method of delivering drugs to cancer cells. New techniques such as nanogels and hybrid 

nanoparticles are rendering treatment more efficient [28]. Nanogels are nanoparticles consisting 

of a gel-like substance that can be employed for drug delivery to cancer cells. Hybrid nanoparticles 

are nanoparticles consisting of two or more disparate materials, and they can blend the strengths 
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of each material. Nanoparticle delivery systems significantly enhance the ability of 

phytochemicals to treat disease, which makes them good candidates for safer and more effective 

cancer therapies [28]. Phytochemicals are plant-based compounds that have been found to possess 

anti-cancer activity. Nanoparticles may be utilized for the delivery of phytochemicals directly to 

cancer cells, increasing their efficacy and decreasing side effects. 

8. Nanoparticles for Certain Cancer Types 

8.1. Colorectal Cancer (CRC) 

Nanoparticle-based systems have also proven promising in reducing tumors and facilitating drugs 

to accumulate at the site of the tumor in CRC [1], [29]. Nanoparticles can assist in killing the 

cancer cells and stop them from spreading by directly delivering the drug to the tumor. 

Nanoparticles improve the efficacy of drugs, are less toxic, and counteract the defense of the body 

in CRC [1]. This can result in improved patient outcomes and reduced side effects. New 

developments in nanoparticle-based targeted drug delivery systems provide increased precision 

and better outcomes for the treatment of CRC [29]. This indicates that nanoparticles can be an 

effective tool for the treatment of CRC and enhancing the quality of life for patients. 

8.2. Breast Cancer 

Nanoparticles play a central role in transforming the management of breast cancer by enhancing 

targeted therapy and imaging [30], [31]. Through the delivery of drugs to cancer cells and the 

enhancement of imaging methods, nanoparticles can contribute to enhancing the accuracy and 

efficacy of breast cancer treatment. Nanoparticles solve issues such as drug resistance and the 

spread of drugs around the body in the treatment of breast cancer [30]. This can produce improved 

results for patients and less side effect. Applying nanoparticles to photothermal therapy and in 

combination with existing therapies demonstrates they can significantly alter breast cancer therapy 

[30]. This implies that nanoparticles can be used as a useful tool for the treatment of breast cancer 

and enhancing the lives of patients. 

8.3. Lung Cancer 

Nanoparticles have shown great potential in the diagnosis, treatment, and prevention of lung cancer 

[32]. Through the direct delivery of drugs to cancer cells and improving imaging modalities, 

nanoparticles can enhance the effectiveness and accuracy of lung cancer treatment. Nanoparticles 

have the ability to target cancer cells, minimize toxicity, and make therapy more efficient in lung 

cancer [32]. This can result in improved patient outcomes and reduced side effects. Therapy 
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involving nanoparticles and customized to the needs of each individual patient holds great potential 

for treating lung cancer patients [32]. This indicates that the nanoparticles could be customized 

based on the requirement of each individual, resulting in personalized and better therapy. 

9. Challenges and Future Directions 

9.1. Toxicity and Biocompatibility 

The possibility that nanoparticles may be harmful and induce immune responses is still a 

significant issue in cancer treatment [8], [9]. It is necessary to ensure that nanoparticles are not 

harmful to use within the body and do not induce undesirable side effects. Just how toxic AuNPs 

are will primarily depend on their size, the reactivity of their surface, and how much surface area 

they possess [23]. This underscores the need to design and characterize nanoparticles carefully to 

reduce their toxicity. It is important to select carefully materials that are compatible with the 

body and to test them extensively for toxicity to minimize side effects [33], [13]. This involves 

testing nanoparticles in cells and animals prior to use in humans. 

9.2. Scalability and Manufacturing 

The challenges involved in the large-scale production of nanoparticles and their manufacturing 

limit how widely nanoparticle-based treatments could be applied in clinics [30], [34]. Developing 

cost-effective methods of making nanoparticles to be scaled up to accommodate a high number of 

patients is essential. 

It will be important to enhance nanoparticle fabrication so that nanoparticles will consistently be 

of high quality and at a cost [34]. This involves refining the synthesis process to maximize 

efficiency and creating quality control protocols to guarantee that nanoparticles will meet 

specifications. The simplicity with which biological materials utilized to synthesize AuNPs from 

plants are readily available permits large-scale synthesis in an eco-friendlier manner [23]. This 

indicates that synthesizing nanoparticles utilizing plant-based materials is a cost-efficient and 

environmentally friendly method to achieve large-scale synthesis. 

9.3. Clinical Translation and Regulatory Challenges 

Regulations and clinical trial requirements make it difficult to transition nanoparticle-based 

treatments from the laboratory to the clinic [28], [30]. It is necessary to collaborate with regulatory 

bodies to create concise guidelines for the approval and development of nanoparticle-based 

treatments. More research is necessary to observe how safe, effective, and scalable these systems 

are in the long term [1]. This involves carrying out clinical trials to assess the safety and efficacy 
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of nanoparticle-based treatments in humans. It is necessary for professionals from various 

disciplines to collaborate in order to advance innovative treatments from the laboratory to patients' 

bedside [26]. This involves researchers, clinicians, and industry partners collaborating to create 

and market nanoparticle-based treatments. 

10. Conclusion 

10.1. Summary of Key Findings 

Nanoparticles hold much potential in cancer treatment by delivering drugs in a targeted manner, 

enhancing imaging, and increasing treatment outcomes [1], [6]. Through the delivery of drugs to 

cancer cells and the enhancement of imaging methods, nanoparticles can enhance the precision 

and efficacy of cancer treatment. Various types of nanoparticles, such as metal, polymers, and 

lipids, were also reported to be effective in laboratory studies and patient trials [8], [10], [12]. This 

implies that nanoparticles can be an important instrument for cancer treatment and enhancing the 

patients' quality of life. Nanoparticle-based drug delivery systems have the ability to overcome 

drug resistance and enhance the efficacy of conventional and natural compounds for treatment [5], 

[27]. This can result in improved patient outcomes and reduced side effects. 

10.2. Future Perspectives 

Future research should aim at enhancing how nanoparticles are engineered, optimizing how they 

are dosed, and ensuring that they are long-term safe [26]. This involves conducting clinical trials 

to assess the safety and efficacy of nanoparticle-based treatments in humans. Individualized 

therapies involving nanoparticles hold much potential for enhancing cancer treatment outcomes 

[1], [32]. By customizing nanoparticles according to the individual requirements of every patient, 

it is possible to enhance the efficacy of cancer treatment and minimize side effects. Artificial 

intelligence-powered nanoparticles could initiate a new age of precise and personalized cancer 

therapy [14]. This involves employing AI to engineer nanoparticles that target cancer cells more 

efficiently and optimize drug delivery according to patient-specific characteristics. 

10.3. The Influence of Nanotechnology on Oncology 

Nanotechnology has changed the diagnosis and treatment of cancer, offering novel means to 

advance patient care [34], [16]. With the ability to deliver drugs straight to cancer cells and 

improve imaging methods, nanoparticles can enhance cancer treatment accuracy and efficacy. 

Nanoparticles provide useful tools for visualizing cancer cells, aiding diagnostic techniques [2]. 

These involve labeling cancer cells with nanoparticles and improving imaging methods so that 
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cancer can be detected and studied more easily. Further advances in nanotechnology are likely to 

enhance the effectiveness of how well and how safely cancer treatments work [12]. This involves 

creating new forms of nanoparticles, enhancing drug delivery methods, and improving imaging 

technologies. 
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