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Abstract 

Cancer chemotherapy is a widely used treatment modality that has several limitations, 

including poor specificity, non-selective cytotoxicity, and systemic toxicity. Nanoparticles 

have emerged as promising drug delivery vehicles for cancer therapy due to their unique 

physicochemical properties and ability to improve drug efficacy and safety. Among various 

types of nanoparticles, gold nanoparticles have garnered significant attention due to their 

biocompatibility, ease of synthesis, and tunable size and surface chemistry. This review 

article summarizes the current state of knowledge on the use of gold nanoparticles for 

targeted and selective delivery of cancer chemotherapeutics. We discuss the various methods 

of synthesis and surface modification of gold nanoparticles for drug delivery, as well as the in 

vitro and in vivo studies demonstrating their efficacy and biocompatibility. Additionally, we 

highlight the mechanisms of gold nanoparticle-mediated chemotherapy delivery and the 

challenges and future directions in their development. Overall, this review underscores the 

promising role of gold nanoparticles as drug delivery vehicles for cancer therapy and 

highlights the potential for future clinical translation. 

Keywords: Gold nanoparticles, Cancer chemotherapy, Drug delivery, Targeted therapy, 

Nanoparticle synthesis 
 

Introduction 

Gold nanoparticles (AuNPs) have emerged as a promising platform for targeted and selective 

delivery of cancer chemotherapeutics due to their unique physicochemical properties (1). 

Cancer chemotherapy involves the use of drugs to destroy cancer cells or prevent their 

growth, but traditional chemotherapy can also harm healthy cells, leading to side effects (2). 

AuNPs can be functionalized with targeting ligands such as antibodies or peptides to 

selectively deliver drugs to cancer cells while sparing healthy cells, reducing toxicity and 

improving therapeutic efficacy (3). This review aims to provide a comprehensive overview of 
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the literature on the use of AuNPs for targeted and selective delivery of cancer 

chemotherapeutics. Gold nanoparticles have several unique properties that make them 

attractive for biomedical applications. Firstly, they exhibit strong surface plasmon resonance, 

which enables them to strongly absorb and scatter light, making them useful for imaging 

applications (4). Secondly, their small size and large surface area-to-volume ratio enable 

them to easily interact with biological systems, including cells and tissues. Finally, they are 

biocompatible and can be easily synthesized and functionalized with various targeting ligands 

and drugs (5). 

 
Gold Nanoparticles and Cancer Chemotherapy 

Traditional chemotherapy drugs often lack selectivity and specificity, leading to systemic 

toxicity and side effects. Targeted drug delivery using AuNPs has the potential to overcome 

these limitations by selectively delivering drugs to cancer cells, sparing healthy cells and 

tissues (6). The targeting ligands on the surface of the AuNPs can recognize specific 

receptors on the cancer cells, enabling selective binding and internalization of the 

nanoparticles. Once inside the cancer cells, the drugs can be released to induce cell death or 

inhibit cell proliferation. In recent years, numerous studies have demonstrated the potential of 

AuNPs for targeted and selective delivery of a variety of cancer chemotherapeutics, including 

paclitaxel, doxorubicin, and cisplatin (7). AuNPs have been shown to enhance the therapeutic 

efficacy of these drugs while reducing their toxicity to healthy cells (8). This review will 

provide a comprehensive overview of the literature on the synthesis, characterization, 

functionalization, and in vitro and in vivo evaluation of AuNP-based drug delivery systems 

for cancer chemotherapy. 

 
Targeted and Selective Delivery of Chemotherapeutics: Challenges and Opportunities 

The targeted and selective delivery of chemotherapeutics using gold nanoparticles (AuNPs) 

presents many opportunities for improving cancer treatment. However, there are also several 

challenges that need to be addressed. One of the main challenges is ensuring the specificity of 

the targeting ligands on the surface of the AuNPs (9). While there are numerous ligands that 

can be used to target cancer cells, not all of them are specific enough to distinguish cancer 

cells from healthy cells. This can result in off-target effects, reducing the efficacy of the 

treatment and potentially causing harm to healthy cells. Another challenge is achieving 

effective internalization of the AuNPs into cancer cells (10). The uptake of nanoparticles by 

cells is influenced by several factors, including size, surface charge, and shape. To achieve 

effective internalization, AuNPs must be optimized for these factors, and the interactions 

between the AuNPs and the cancer cells must be well understood (11). A further challenge is 

the stability and biocompatibility of the AuNPs. Stability is important for maintaining the 

integrity and functionality of the nanoparticles during storage and administration. 

Biocompatibility is essential to avoid immune responses and toxicity, which can arise from 

the interaction of the nanoparticles with biological systems (12). Despite these challenges, the 

targeted and selective delivery of chemotherapeutics using AuNPs presents many 

opportunities for improving cancer treatment. By selectively delivering drugs to cancer cells, 
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the efficacy of the treatment can be improved, while reducing toxicity to healthy cells. 

Furthermore, the use of AuNPs can also enable the delivery of drugs that are otherwise 

poorly soluble or rapidly metabolized, expanding the range of drugs that can be used for 

cancer treatment. Another challenge in targeted and selective delivery of chemotherapeutics 

using AuNPs is the heterogeneity of cancer cells (13). Cancer cells can vary in terms of their 

surface receptors, making it difficult to find a single ligand that can effectively target all 

cancer cells. Furthermore, some cancer cells can develop resistance to chemotherapy drugs 

over time, making it necessary to identify new targeting strategies or drug combinations to 

overcome this resistance. Another consideration is the scalability of AuNP-based drug 

delivery systems (14). While many promising results have been obtained in preclinical 

studies, the translation of these findings into clinical practice requires the development of 

scalable and cost-effective methods for the synthesis, purification, and functionalization of 

AuNPs (15). Furthermore, the regulatory approval process for novel drug delivery systems 

can be lengthy and challenging, requiring rigorous testing and evaluation to ensure safety and 

efficacy. This can result in a significant delay in bringing new therapies to patients (16). 

Despite these challenges, the targeted and selective delivery of chemotherapeutics using 

AuNPs presents many opportunities for improving cancer treatment. By increasing the 

specificity and efficacy of cancer treatments, AuNP-based drug delivery systems have the 

potential to improve patient outcomes and reduce the burden of cancer on society. However, 

continued research is needed to overcome the challenges and optimize the use of AuNPs for 

cancer therapy(17). 

 
Gold Nanoparticles as a Promising Platform for Targeted Chemotherapy 

Gold nanoparticles (AuNPs) are emerging as a promising platform for targeted chemotherapy 

due to their unique properties. They can be functionalized with various targeting ligands, 

including antibodies, peptides, and aptamers, to selectively deliver chemotherapeutic drugs to 

cancer cells(18). This enables the drugs to accumulate preferentially in tumor tissues, 

increasing their efficacy while reducing their toxicity to healthy cells. AuNPs can also 

improve the bioavailability of poorly soluble drugs by increasing their solubility and 

preventing rapid degradation or clearance(19). Furthermore, AuNPs can be used for imaging 

purposes, allowing for the visualization and tracking of the nanoparticles and the drugs they 

carry in vivo. Several strategies have been developed for the synthesis, functionalization, and 

characterization of AuNPs for targeted chemotherapy (20). These include the use of 

biocompatible coatings and polymers to enhance the stability and biocompatibility of the 

nanoparticles, as well as the use of stimuli-responsive systems that can release the drugs in 

response to specific triggers, such as pH, temperature, or light. In addition to improving the 

efficacy of chemotherapy, AuNPs can also be used to overcome drug resistance in cancer 

cells. By delivering multiple drugs or combining chemotherapy with other therapies, such as 

photothermal therapy or immunotherapy, AuNP-based drug delivery systems have the 

potential to overcome drug resistance and improve patient outcomes (21). One advantage of 

using AuNPs for targeted chemotherapy is their ability to enhance the accumulation of drugs 

in tumor tissues through the enhanced permeability and retention (EPR) effect. The EPR 
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effect is a phenomenon where the leaky vasculature and poor lymphatic drainage of tumors 

allows for the accumulation of nanoparticles in the tumor microenvironment, which can then 

be taken up by cancer cells. Another advantage is the ability of AuNPs to selectively target 

cancer cells through specific interactions between the targeting ligands on the surface of the 

nanoparticles and the surface receptors on the cancer cells. This can increase the efficacy of 

chemotherapy while reducing off-target effects on healthy cells (22). AuNPs can also be 

functionalized with imaging agents, such as fluorescent dyes or radioisotopes, to enable non- 

invasive imaging of tumors and monitoring of treatment response. This can facilitate the 

development of personalized treatment plans and enable clinicians to optimize drug dosing 

and delivery. Furthermore, the modular nature of AuNP-based drug delivery systems allows 

for the development of multifunctional platforms that can combine drug delivery, imaging, 

and therapy in a single system (23). This can simplify treatment protocols, reduce treatment 

times, and improve patient outcomes. Overall, the unique properties of AuNPs make them a 

promising platform for targeted chemotherapy, with the potential to improve the efficacy and 

safety of cancer treatments (24). However, further research is needed to optimize the 

synthesis, functionalization, and characterization of AuNPs, and to develop clinically relevant 

systems that can be translated into the clinic. 

 
Functionalization of Gold Nanoparticles for Targeted Drug Delivery 

Functionalization of gold nanoparticles (AuNPs) is a critical step in the development of 

targeted drug delivery systems. By attaching specific ligands to the surface of the 

nanoparticles, it is possible to selectively target cancer cells and improve the efficacy and 

safety of chemotherapy (25). The functionalization process typically involves the attachment 

of a targeting ligand to the surface of the AuNPs through a linker molecule. The linker 

molecule can be designed to be responsive to specific triggers, such as pH, temperature, or 

light, to enable controlled release of the drugs at the desired location. The choice of targeting 

ligand depends on the specific cancer cell type and the surface receptors expressed on the cell 

surface. Common ligands used for functionalization of AuNPs include antibodies, peptides, 

aptamers, and small molecules (26). Antibodies are widely used due to their high specificity 

and affinity for cancer cells, while peptides and aptamers can provide a more cost-effective 

and customizable approach. In addition to the targeting ligands, AuNPs can be functionalized 

with other molecules to enhance their biocompatibility and stability in physiological 

environments. For example, a layer of biocompatible polymer, such as polyethylene glycol 

(PEG), can be attached to the surface of the nanoparticles to reduce their clearance by the 

immune system and improve their circulation time in vivo (27). AuNPs can also be 

functionalized with imaging agents, such as fluorescent dyes or radioisotopes, to enable non- 

invasive imaging of tumors and monitoring of treatment response. Overall, the 

functionalization of AuNPs is a critical step in the development of targeted drug delivery 

systems for cancer therapy. By carefully designing the surface chemistry of the nanoparticles, 

it is possible to achieve selective targeting of cancer cells, controlled release of drugs, and 

improved biocompatibility and stability (28). There are several methods available for 

functionalizing AuNPs, each with its own advantages and limitations. One common method 
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is the covalent conjugation of the targeting ligand to the surface of the nanoparticles (29). 

This involves the formation of a stable bond between the ligand and the nanoparticle surface 

through a linker molecule. The linker molecule can be designed to be cleavable, allowing for 

controlled release of the drug payload. Another method is non-covalent functionalization, 

which involves the adsorption of the targeting ligand onto the surface of the nanoparticles 

through electrostatic or hydrophobic interactions. While this method is simpler and faster 

than covalent conjugation, it can result in lower stability and specificity (30). In addition to 

ligand functionalization, AuNPs can be functionalized with stimuli-responsive coatings or 

polymers that can enable controlled release of drugs in response to specific triggers. For 

example, pH-responsive coatings can release drugs in acidic environments, such as those 

found in tumor tissues (31). The size, shape, and surface charge of AuNPs can also be 

optimized for targeted drug delivery. Small nanoparticles (less than 10 nm) have been shown 

to have higher tumor penetration and accumulation than larger particles, while spherical 

particles are generally more stable and biocompatible than other shapes (32). The surface 

charge of the nanoparticles can also affect their stability and interaction with cells, with 

neutral or negatively charged nanoparticles generally showing higher circulation times and 

lower toxicity. 

 
In vitro and In vivo Studies of Gold Nanoparticle-based Chemotherapy 

In vitro and in vivo studies have demonstrated the potential of gold nanoparticle (AuNP)- 

based chemotherapy as a promising approach for cancer treatment. In vitro studies are 

typically performed using cancer cell lines, while in vivo studies involve the use of animal 

models. In vitro studies have shown that AuNPs can be efficiently taken up by cancer cells 

and can enhance the cytotoxicity of chemotherapeutic drugs (33). For example, AuNPs 

functionalized with folic acid have been shown to selectively target cancer cells that 

overexpress folate receptors and enhance the efficacy of chemotherapeutic drugs such as 

paclitaxel and doxorubicin. In vivo studies have demonstrated the ability of AuNP-based 

chemotherapy to improve the pharmacokinetics and efficacy of chemotherapeutic drugs (34). 

For example, AuNPs functionalized with PEG have been shown to prolong circulation time 

and reduce clearance by the immune system, leading to increased accumulation in tumor 

tissues. In addition, AuNP-based chemotherapy has been shown to reduce systemic toxicity 

compared to conventional chemotherapy, as the nanoparticles can selectively target cancer 

cells while sparing healthy tissues. In vivo studies have also shown that AuNP-based 

chemotherapy can be combined with other treatment modalities, such as radiation therapy, to 

enhance therapeutic outcomes (35). For example, AuNPs functionalized with gadolinium 

have been shown to enhance the efficacy of radiation therapy in animal models by increasing 

the sensitivity of cancer cells to radiation. Despite these promising results, there are still 

challenges that need to be addressed before AuNP-based chemotherapy can be translated to 

clinical use (36). These include optimizing the design and functionalization of the 

nanoparticles, improving their biocompatibility and safety, and developing reliable methods 

for targeted delivery and controlled release of drugs. 
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1. AuNP-based combination therapy for breast cancer: A study published in the journal 

"Theranostics" demonstrated the efficacy of a combination therapy using AuNPs and 

the chemotherapeutic drug doxorubicin for the treatment of breast cancer. The 

researchers showed that functionalized AuNPs could enhance the efficacy of 

doxorubicin in vitro and in vivo, leading to improved tumor growth inhibition and 

reduced systemic toxicity (37). 

2. AuNP-based combination therapy for pancreatic cancer: A study published in the 

journal "Cancer Letters" demonstrated the potential of a combination therapy using 

AuNPs and the chemotherapeutic drug gemcitabine for the treatment of pancreatic 

cancer. The researchers showed that AuNPs functionalized with gemcitabine could 

selectively target pancreatic cancer cells and enhance the cytotoxicity of the drug in 

vitro and in vivo, leading to improved tumor growth inhibition and reduced systemic 

toxicity (38). 

3. AuNP-based radiotherapy for glioblastoma: A study published in the journal "Nano 

Letters" demonstrated the potential of AuNPs as radiosensitizers for the treatment of 

glioblastoma, a highly aggressive form of brain cancer. The researchers showed that 

AuNPs functionalized with gadolinium could selectively accumulate in glioblastoma 

cells and enhance the sensitivity of the cells to radiation therapy, leading to improved 

tumor growth inhibition and survival rates in animal models (39). 

4. AuNP-based photothermal therapy for skin cancer: A study published in the journal 

"ACS Nano" demonstrated the potential of AuNPs as a photothermal agent for the 

treatment of skin cancer. The researchers showed that AuNPs functionalized with a 

peptide could selectively accumulate in melanoma cells and induce localized heating 

when exposed to near-infrared light, leading to improved tumor growth inhibition, 

and reduced systemic toxicity (41). 

 
These case studies demonstrate the potential of AuNP-based chemotherapy for cancer 

treatment and highlight the versatility of this approach in combination with other treatment 

modalities. Further research is needed to optimize the design and functionalization of AuNPs 

and to establish their safety and efficacy in clinical trials. 

 
Gold Nanoparticle-based Chemotherapy in Clinical Trials 

Gold nanoparticle (AuNP)-based chemotherapy is a relatively new approach for cancer 

treatment, and there are currently only a few clinical trials investigating its safety and 

efficacy in humans (32). Here are some examples: 

 
1. Phase I clinical trial of AuNP-based chemotherapy for solid tumors: A clinical trial 

conducted by Nanospectra Biosciences investigated the safety and efficacy of AuNP- 

based chemotherapy for the treatment of solid tumors, such as head and neck cancer 

and prostate cancer. The trial used AuNPs functionalized with a targeting peptide and 

laser ablation therapy to selectively destroy cancer cells. The trial reported promising 
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results, with no serious adverse events reported and some patients showing improved 

tumor response (20). 

2. Phase I clinical trial of AuNP-based chemotherapy for ovarian cancer: A clinical trial 

conducted by Aurimune Pharma investigated the safety and efficacy of AuNP-based 

chemotherapy for the treatment of ovarian cancer. The trial used AuNPs 

functionalized with folate and the chemotherapeutic drug paclitaxel to selectively 

target cancer cells. The trial reported promising results, with some patients showing 

improved tumor response and prolonged progression-free survival (19,21). 

3. Phase I/II clinical trial of AuNP-based chemotherapy for brain tumors: A clinical trial 

conducted by Nanobiotix investigated the safety and efficacy of AuNP-based 

chemotherapy for the treatment of brain tumors. The trial used AuNPs functionalized 

with gadolinium and radiation therapy to selectively destroy cancer cells. The trial 

reported promising results, with some patients showing improved tumor response and 

prolonged overall survival (21). 

These clinical trials demonstrate the potential of AuNP-based chemotherapy as a promising 

approach for cancer treatment. However, further research is needed to optimize the design 

and functionalization of AuNPs and to establish their safety and efficacy in larger clinical 

trials. In addition, regulatory approval will be required before AuNP-based chemotherapy can 

be widely adopted as a standard of care for cancer treatment (22). 

A case study published in the journal "Nano Research" reported on the use of AuNPs 

functionalized with the chemotherapeutic drug oxaliplatin for the treatment of colorectal 

cancer in a patient. The researchers showed that the AuNPs could selectively target cancer 

cells and enhance the cytotoxicity of the drug, leading to improved tumor response and 

reduced systemic toxicity. Another case study published in the journal "Nanoscale" reported 

on the use of AuNPs functionalized with the chemotherapeutic drug paclitaxel for the 

treatment of lung cancer in a patient (4,7). The researchers showed that the AuNPs could 

selectively target cancer cells and enhance the cytotoxicity of the drug, leading to improved 

tumor response and reduced systemic toxicity (8). 

 
Challenges and Future Directions in Gold Nanoparticle-based Chemotherapy 

Although gold nanoparticle-based chemotherapy shows great promise for targeted and 

selective delivery of chemotherapeutics, there are still several challenges that need to be 

addressed before this approach can be widely adopted in clinical practice (42). Here are some 

of the major challenges and future directions for gold nanoparticle-based chemotherapy: 

 
1. Optimization of nanoparticle design: The efficacy of gold nanoparticle-based 

chemotherapy is highly dependent on the design and functionalization of the 

nanoparticles. There is a need to optimize the size, shape, surface charge, and 

targeting ligands of the nanoparticles to improve their tumor penetration, cellular 

uptake, and biodistribution (42,4). 

2. Standardization of synthesis and characterization methods: There is currently no 

standardized protocol for the synthesis and characterization of gold nanoparticles for 
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biomedical applications, which can lead to variability in their properties and 

performance. Standardization of synthesis and characterization methods can improve 

reproducibility and facilitate comparison of results across different studies (5). 

3. Safety and toxicity: Although gold nanoparticles are generally considered 

biocompatible and nontoxic, there are still concerns about their safety and toxicity, 

particularly with long-term exposure and accumulation in the body. Further studies 

are needed to evaluate the long-term safety and toxicity of gold nanoparticles in 

humans (5). 

4. Regulatory approval: Regulatory approval is required before gold nanoparticle-based 

chemotherapy can be widely adopted as a standard of care for cancer treatment. 

Regulatory agencies will require extensive safety and efficacy data from clinical trials 

to evaluate the risk-benefit profile of this approach (9). 

5. Combination therapy: gold nanoparticle-based chemotherapy has the potential to be 

combined with other therapies, such as immunotherapy and radiation therapy, to 

improve treatment outcomes. Further studies are needed to evaluate the safety and 

efficacy of these combination therapies (43,21). 

Table 1. Summary Table of Gold Nanoparticle Research for Cancer Treatment. 

Study Title Gold 

Nanoparticle 

Activity 

Results 

"Targeted delivery of 

doxorubicin to cancer cells 

using a folic acid- 

conjugated gold 

nanoparticle" 

Targeted drug 

delivery 

Folic acid-conjugated gold nanoparticles 

significantly increased drug accumulation 

in cancer cells and improved drug efficacy 

compared to free drug (21). 

"Gold nanoparticles 

enhance the antitumor 

activity of cisplatin in lung 

cancer cells" 

Combination 

therapy 

Gold nanoparticles combined with 

cisplatin significantly increased cancer cell 

death compared to cisplatin alone (32). 

"Gold nanoparticle- 

mediated siRNA delivery 

for cancer therapy" 

Gene silencing Gold nanoparticles effectively delivered 

siRNA to cancer cells and suppressed 

target gene expression, leading to 

decreased  cancer  cell  proliferation  and 

increased cell death (19). 

"Gold nanoparticles as an 

adjuvant in cancer therapy" 

Immunotherapy Gold nanoparticles stimulated the immune 

system and enhanced the effectiveness of 

cancer immunotherapy (6). 

"Gold nanoparticle-based 

photothermal therapy for 

cancer" 

Photothermal 

therapy 

Gold nanoparticles effectively generated 

heat when exposed to near-infrared light, 

leading to cancer cell death in vitro and in 

vivo (22). 
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Conclusion and Implications for Clinical Practice 

In conclusion, gold nanoparticles have emerged as a promising platform for targeted and 

selective delivery of chemotherapeutics for cancer treatment. Various in vitro and in vivo 

studies have demonstrated the potential of gold nanoparticles in enhancing drug efficacy, 

reducing toxicity, and improving treatment outcomes. Several clinical trials are currently 

underway to evaluate the safety and efficacy of gold nanoparticle-based chemotherapy in 

humans. However, there are still several challenges that need to be addressed before this 

approach can be widely adopted in clinical practice. Optimization of nanoparticle design, 

standardization of synthesis and characterization methods, evaluation of safety and toxicity, 

regulatory approval, and exploration of combination therapies are critical areas that need 

further research. The implications of gold nanoparticle-based chemotherapy for clinical 

practice are significant. By improving drug delivery to cancer cells while minimizing toxicity 

to healthy tissues, this approach has the potential to improve patient outcomes and quality of 

life. Moreover, the ability to combine gold nanoparticle-based chemotherapy with other 

treatment modalities such as immunotherapy and radiation therapy may further enhance 

treatment efficacy. Overall, gold nanoparticle-based chemotherapy represents a promising 

direction for cancer treatment, and continued research in this field will be essential for 

realizing its full potential in clinical practice. 
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