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Background: Cancer is recognized as a major public health problem worldwide, which brings a large number of deaths and serious economic burden. Traditional cancer treatments generally have problems such as limited application, large side effects, and drug resistance. With the rise of nanomedicine technology, its unique advantages in precision drug delivery, imaging sensitivity, assisted drug release, and enhanced drug properties have brought new hope to cancer patients. These therapies, including photothermal therapy, drug delivery, and immunotherapy, use various nanoparticles such as gold and iron-oxide to improve targeted treatment and reduce side effects. The increasing interest in sustainable NP production and safety concerns has driven new research into biocompatible and eco-friendly methods. This study aims to analyze the current research status and global trends in cancer therapy using nanoparticles through a bibliometric analysis.Methods: The Web of Science Core Collection database was searched for publications related to NP-based cancer therapies from January 1995 to December 2023. A bibliometric analysis was conducted using using Bibliometrix Online Analysis Platform, HistCite Pro 2.1, VOSviewer version 1.6.20 and RStudio version 4.3.1, covering metrics like the number of publications, citations, countries, institutions, journals, authors, references, and keywords.Results: A total of 452 articles published in 233 journals. The number of publications on clinical cancer therapy with metal Nanomaterials has shown consistent annual growth. China and Chinese Academy of Sciences were the leading country and institution contributing to this field, respectively. The most prolific author was Zangeneh Mohammad Mahdi, and Biomaterials was the most prolific journal. Key research hotspots identified include keywords such as “gold nanoparticles”, “delivery”, “drug delivery,” “green synthesis,” and “cytotoxicity.”Conclusion: This is one of the first studies to perform a bibliometric analysis and visualization of publications onclinical cancer therapy with metal Nanomaterials, offering valuable insights for researchers. Future studies should focus on enhancing the efficacy, biocompatibility, and sustainable synthesis of nanoparticles, with an emphasis on their use in personalized medicine and photodynamic therapy.Keywords: biomaterials, nanodrugs, nanomaterials, cancer therapy, nano
1 INTRODUCTION
Cancer is a globally recognized major public health problem. According to global cancer data released jointly by the International Agency for Research on Cancer and the World Health Organization (WHO), the number of new cancer cases worldwide in 2020 is expected to be 19.29 million, and the number of new deaths is expected to be 9.96 million (Sung et al., 2021). The incidence of cancer is significantly higher than that reported in 2014 (Torre et al., 2015). According to the study, there will be 28.4 million new cases in 2040, an increase of 47% over 2020, and the global cancer burden will be further aggravated. At the same time, cancer causes a high level of mortality. Globally, 3 out of every 10 premature deaths from noncommunicable diseases are reported to be caused by cancer (Bray et al., 2021). Cancer not only threatens human life and health, but also brings a huge burden to the global economy. According to one study, the global economic cost of cancer from 2020 to 2050 is estimated to be about US $25.2 trillion, equivalent to an annual tax revenue of 0.55% of global GDP (Chen et al., 2023). In summary, cancer poses a great challenge to human health, social economy and healthcare systems worldwide (2020). Surgery, radiotherapy and chemotherapy have always been considered as the three pillars of cancer treatment. However, these treatment measures have problems such as limited scope of application, drug toxicity and more discomfort symptoms.
In recent years, researchers have been committed to exploring new measures for effective treatment of cancer, such as immunotherapy, tumor vaccination, stem cell therapy, photodynamic therapy and other treatment measures. With the rise of nanotechnology, and its unique advantages in precise drug delivery, imaging sensitivity, assisted drug release, and enhanced drug properties have attracted extensive attention from researchers (Rytov et al., 2022). It is noteworthy that the great progress made in the field of nanomedicine provides a potential alternative treatment for cancer. Nanomaterials refer to particles with a size of less than 100 nm, including three types: organic, carbon-based and inorganic. Inorganic Nanomaterials are mainly composed of metals, metal oxides and semiconductor materials (Villalobos Gutiérrez et al., 2023). Among them, metal Nanomaterials have become promising nanomaterials for cancer treatment due to their high biocompatibility, ease of synthesis, surface functionality and excellent optical properties (Xu et al., 2022).
Metal Nanomaterials can be composed of different elements, such as platinum, palladium, gold, iron, silver, nickel or copper (Pt, Pd, Au, Fe, Ag, Ni, Cu, respectively). Several studies have focused on the characteristics of metal Nanomaterials depending on the type of metal, which may contribute to their different roles in cancer therapy (Siddique and Chow, 2022). For example, Au NPs are widely used in the diagnosis and treatment of cancer due to their high bioavailability and biocompatibility, ease of synthesis and biological coupling, and chemical and physical properties (Bloise et al., 2022). While the cytotoxicity of Ag NPs is mainly due to the production of ROS and oxidative stress, DNA damage, cell cycle arrest and apoptosis-induced tumor cell death (Farah et al., 2016; Sanpui et al., 2011; Oladipo et al., 2022). At the same time, another part of the research focuses on the different application methods of metal Nanobiomaterials in the biomedical field, such as alone or in combination with other drugs, which also lead to different roles in tumor treatment. A previous study showed that Au NPs functionalized with cetuximab have a stronger cytotoxic effect than cetuximab alone. The reason was that the addition of Au NPs increased endocytosis, thereby increasing the degradation of epidermal growth factor receptor by lysosomes, thereby inhibiting cell proliferation and inducing apoptosis of cancer cells (El Hallal et al., 2021). In another study, (Jin et al., 2012) explored the photothermal effect of Au NPs conjugated with folic acid in human hepatoma HepG2 cells, which can inhibit the growth of cancer cells by inhibiting mainly apoptosis and structural changes of membranes and their composition and function.
On the one hand, threatening human health and the inadequacy of traditional cancer treatment options, emerging cancer treatment methods using nanoparticles are considered to be promising methods based on the current global trend of cancer increasingly. On the other hand, it is worth noting that most of our current understanding of the therapeutic effects of metal Nanomaterials on cancer is based on animal experiments, and their exact application to humans remains largely unexplored (Shi et al., 2017). Although there has been a deeper understanding and explosive growth of published articles on the application of metal Nanomaterials in the field of cancer therapy, the clinical research of metal Nanomaterials seems to be still in its infancy, and the published literature in this field still lacks accurate and useful information to guide future research directions. The development trend, discipline frontier and research hotspots in this field are still unclear. This lack of clarity in this field poses a challenge for researchers and healthcare providers to understand the latest developments in the direction of metal Nanobiomaterials for the treatment of clinical cancer patients, and it is not conducive for them to explore research gaps beyond through clear research hotspots. Therefore, a significant gap in the current research in this field is the lack of a relatively comprehensive bibliometric analysis specifically for the interdisciplinary field of metal Nanobiomaterials and cancer treatment.
Bibliometric analysis is based on mathematical and statistical methods to analyze all articles published over a period of time on a research topic, providing an overview of the research category or topic, co-authorship, keyword frequency, and most cited articles or journals, which helps to provide valuable insights (Ninkov et al., 2022). By identifying influential research, emerging topics, and collaboration networks, bibliometric analysis can help clarify trends in specific research areas (Núñez et al., 2019). In view of the unclear research hotspots and development directions of metal Nanobiomaterials in the clinical research field of cancer treatment, bibliometrics will become an important tool to clarify this issue. Therefore, this study aims to fill this gap and conduct bibliometric analysis in this field to provide the valuable insight for subsequent research. The research methods of bibliometrics was used in the present study to describe the research status from the aspects of countries, institutions, authors, journals, etc., and analyzes the co-occurrence network of keywords to find emerging research trends in this field. It aims to provide guidance for researchers to identify potential avenues for future research and exploration in this field, and to lay a theoretical foundation for ongoing academic innovation.
2 MATERIALS AND METHODS
2.1 Data sources and search strategy
We retrieved the publications used in this study from the Web of Science Core Collection (WoSCC), the world’s most comprehensive and influential scientific literature database, to conduct a literature search and collected related articles from inception to Dec. 2023 as the data source. Using a single data source ensured data consistency and uniformity, mitigating potential issues arising from differences in data formats and quality across various sources. Compared to other databases such as Scopus, Medline, and PubMed, Web of Science provides the most comprehensive and reliable bibliometric analysis, which led to its selection as the primary database used in this study. We formulated a search strategy concurrent to reading the relevant literature that had been identified previously. The search strategy was set as follows: TS = (“metal” OR “magnetite” OR “gold” OR “Au” OR “silver” OR “Ag” OR “titanium” OR “Ti” OR “iron” OR “Fe” OR “zinc” OR “Zn” OR “copper” OR “Cu” OR “nickel” OR “Ni” OR “palladium” OR “Pd” OR “platinum” OR “Pt” OR “ferumoxtran”) AND TS = (“nano*“) AND TS = (“tumor*” OR “cancer*” OR “neoplasia*” OR “neoplasm*” OR “tumorous” OR “carcinoma” OR “neoplastic”) AND TS = (“treat*” OR “cure*” OR “therapy”) AND TS = (“clinic* trial*” OR “clinic* test*” OR “clinic* research*” OR “clinic* study*” OR “clinic* experiment*“). The search period covered was from inception to 31 December 2023. The document type was simultaneously limited to “article”, and the publication language was specified as English. All the publications were extracted and saved in plain. txt format (including full records and cited references) for further analysis. A flowchart describing the literature screening process were presented in Figure 1.
[image: Figure 1]FIGURE 1 | A flowchart of literature retrieval in research.
2.2 Analysis tools
In the present study, the bibliometric analysis was conducted using Bibliometrix Online Analysis Platform, HistCite Pro 2.1, VOSviewer version 1.6.20 and RStudio version 4.3.1, each serving specific analytical purposes.
Bibliometrix Online Analysis Platform (http://bibliometric.com/) is a online bibliometric analysis platform. In the form of data visualization, it can provide valuable reference information for researchers to carry out research with simple operation methods and intuitive expression methods. In this study, it was used to visualize the cumulative annual number of publications from the top 10 major publishing countries and visual map of international cooperation in countries and regions.
HistCite, developed by Eugene Garfield, the inventor of the Science Citation Index (SCI), is a powerful citation analysis tool that identifies the most influential authors, journals, and papers (Garfield et al., 2006). In the present study, the HistCite was used to analysis total local citation score (TLCS).
VOSviewer was released in 2010 by Nees Jan van Eck and Ludo Waltman (Leiden University) (van Eck and Waltman, 2010), and it is a bibliometric software tool for creating and bibliometric network visualization based on network data. Although it is mainly used to analyze academic records, it can actually be used for any type of network data. It can construct co-occurrence networks of specific terms and the color and distance of plots represent their distribution in time and association accordingly (Eck, 2009). In this study, we primarily used VOSviewer to perform network visualization.
The thresholds of VOSviewer were set as follows—co-authorship analysis of countries: countries with a minimum of 5 paper; cooperation network: authors with a minimum of 1 paper; co-cited authors: authors with a minimum of 1 citation; co-cited journals: journals with a minimum of 20 citations; co-cited articles: articles with a minimum of 5 citation; keywords co-occurrence: occurrences of at least 5.
RStudio version 4.3.1 is an integrated development environment (IDE) for the R language that provides an easy-to-use interface and powerful programming tools to support statistical analysis, plotting, and programming. Bibliometrix is an R package involving functions for bibliometrics and scientometrics quantitative research that can be utilized for bibliometric analysis (Aria et al., 2017). In this research, it was used to (1) analyze the number of publications of bibliometric analysis; (2) generate the visualization of Topic Trends.
2.3 Data analysis and visualization
The total local citation score (TLCS) evaluated in the present study. TLCS represents the number of citations in all relevant literatures, which represents the influence of publications on a particular topic. Although the global citation score (TGCS) has also been reported in many studies, we only calculated and explored the TLCS in this study, considering that TLCS is more objective than TGCS (Xu et al., 2021). TLCS provides a measurement to reflect the influence of a country/region, institution and authors on a particular topic. In the present study, the TLGS was calculating using HistCite. The higher the TLCS, the more important the publication in the field.
The 452 literatures were exported in plain text format. In the process of data analysis, the annual publications was first analysis using RStudio, and the Microsoft Office Excel 2019 (Microsoft, Redmond, Washington, United States) was used to visualize outcomes. And then, a visualization of the cumulative number of publications per year in the top ten most productive countries and a visual map of international cooperation in countries and regions were generated by the Bibliometrix online analysis platform. Topics trend analysis were generated by Rstudio. Throughout the process, other data visualization was done using VOSviewer.
3 RESULTS
3.1 An overview of main information and annual growth trends in publications
We retrieved a total of 943 published articles from WoSCC according to the search strategy from inception to Dec. 2023. After setting the inclusion criteria according to the literature type and language, we finally obtained 452 records for bibliometric analysis. Figure 1 showed the literature-screening process. These articles spanned the period from July 1995 to December 2023, contributions from 56 countries and regions, 957 institutions, and 3,333 authors.
The variation overtime of annual publications’ number and the TLCS were shown in Figure 2. The number of publications on the application of metal Nanomaterials in clinical trials for cancer treatment has increased steadily, albeit with slight fluctuations, from the first paper in 1995 to 56 papers in 2023. This upward trend can be roughly divided into three stages: from 1995 to 2010 is a slow growth period, less than 100 articles published each year, indicating limited attention to this field. The second stage is from 2011 to 2020, the number of publications in this field gradually increased, indicating that this field has entered the field of vision of researchers and gradually began to carry out relevant research. The third stage, from 2021 to 2023, saw a rapid increase in the number of papers published in this phase. In particular, publications increased sharply from 2020 to 2021, and subsequently stabilized at this level. This indicates that the field has received extensive attention from researchers after 2021.
[image: Figure 2]FIGURE 2 | Publications and total local citation score over time. The variation of TLCS in this field is not increase steadily. The TLCS achieved 5 times during the period covered by our study (in 2004, 2010, 2013, 2015 and 2019), suggesting that these were pivotal years in which seminal literature may have been published.
3.2 Distribution of countries/regions and institutions
Table 1 showed the top 10 most prolific countries and institutions in the field of clinical trials of metallic Nanomaterials for cancer treatment. The country with the highest number of publications was China (n = 157, 34.7%), followed by United States (n = 155, 34.3%) and the Germany (n = 24, 5.3%). According to the top 10 institutions in terms of publications in this field, Chinese Academy of Sciences (n = 17, 3.8%) had the highest number of publications during the study period, followed by the University of Texas MD Anderson Cancer Center (n = 12, 2.7%), Shanghai Jiaotong University (n = 9, 2%), and the University of Chicago (n = 9, 2%). In terms of the number of papers published, the top 10 countries/regions exceeded 90% of all the publications, suggesting that research in this area is unevenly developed among countries/regions.
TABLE 1 | Top 10 most prolific countries and institution.
[image: Table 1]Figure 3A shows the number of annual publications in the top 10 most productive countries, demonstrating a steady increase in the number of publications. Figure 3B shows the cooperation among countries and the lines between countries reflects the cooperation frequency among them. It is worth noting that the more frequent cooperation between countries, the more numerous and thicker of the lines. So we can obtain from diagram that China and the United States played important roles in the global transnational cooperation. This result is consistent with the previous results that China and the United States are the two most productive countries. Figure 3C shows a visual network diagram of cooperation between countries generated by VOSviewer. Since only countries with at least five publications were included in the analysis, and 21 countries met this criterion. Due to the existence of the same number of publications, there were 12 organizations in the top 10 prolific institutions. The largest number of institutions came from the United States, with six. Followed by China with three. And finally, one each from Italy, the United Kingdom and Saudi Arabia.
[image: Figure 3]FIGURE 3 | Analysis of clinical cancer therapy with metal Nanomaterials related countries/regions. (A) Annual publishing trends in the top 10 countries/regions from 1995 to 2023; (B) A visual map of international cooperation in countries/regions; (C) Network visualization showing relationships between countries/regions.
3.3 Distribution of authors
The high citation index (H-index) was introduced in 2005 by Jorge E. Hirsch from the University of California, San Diego, as a comprehensive quantitative metric to assess the academic achievements of researchers. A higher H-index indicates greater academic influence of the researcher (Schreiber and Giustini, 2019). The top 10 most productive authors who contributed to clinical trials of metallic Nanomaterials therapy for cancer were shown in Table 2. Because the presence of same number of publications, there were 14 person in the list of most prolific top 10 authors. They published a total of 83 papers accounting for 18.1% of all publications. Among them, Mohammad Mahdi Zangeneh had the highest number of research publications (n = 8, 1.8%), followed by Yu Liu (n = 7, 1.5%). Further analysis revealed that seven of the 14 authors were from China, followed by two authors each from Iran, the United States and France. One remaining author is from South Korea.
TABLE 2 | Top 10 most prolific authors.
[image: Table 2]The minimum number of author publications was set to 1, and 150 authors were selected for the co-author analysis using VOSviewer. Figure 4A showed the network visualization by VOSviewer of these authors’ collaborative relationships. The nodes in the graphic represent authors, and lines between the nodes represent the collaborative relationships. The larger the number of publications, the larger the node area. Colors represent clusters automatically calculated by VOSviewer. The collaboration network of authors provides information for finding research partners and industry authorities. Francois Lux and Olivier Tillement are at the center of the collaborative network. Francois Lux is actively collaborating with Olivier Tillement, Lucle Sancey, Sandrine Dufort and so on, and the authors Olivier Tillement collaborated with mostly overlap with Francois Lux.
[image: Figure 4]FIGURE 4 | Analysis of clinical cancer therapy with metal Nanomaterials related author. (A) Visualization of cooperation network of authors with a minimum of one paper; (B) Visualization of co-cited authorship network map.
The co-cited authorship network map showed that the research focus of the authors of application of metal Nanomaterials in clinical trials for cancer treatment is highly homogeneous (Figure 4B).
3.4 Distribution of journals
Journal impact factor (IF) and Journal Citation Report (JCR) quartiles reflect the influence of journals. Journals with the top 25% (including 25%) of impact factors are located in the JCR quartile 1 (Q1), and journals with the top 25%–50% (including 50%) of impact factors are located in the JCR quartile 2 (Q2). Journal analysis can help find the core journals in this field (Brookes, 1969). The analysis revealed that 233 journals were involved in research on the application of metal Nanomaterials in clinical trials for cancer treatment during our study period. Table 3 showed the top 10 journals in the number of articles, corresponding IF (JCR 2024) and JCR quartile. Biomaterials published the largest number of publications (n = 13, 2.9%) on this topic. The 2024 impact factor of this journal was 12.8. It was followed closely by the Journal of the ACS Applied Materials and Interfaces (n = 12, 2.7%), Arabian Journal of Chemistry (n = 9, 2%), and the Clinical Cancer Research (n = 9, 2%). The journals with the highest TLCS were the Clinical Cancer Research (TLCS = 8), indicating that this journal was likely to be the definitive publications for the application of metal Nanomaterials in clinical trials for cancer treatment. What’s more, among the top 10 journals in co-citation frequency, nine journals are distributed in JCR Q1 and four journals have an IF over 10.
TABLE 3 | Top 10 most prolific journals.
[image: Table 3]The network diagram of cited journals (Figure 5) represents the degree of association between journals. The journal clustering is divided into five clusters. The size of the node represents the co-citation frequency, and the thickness of the connection represents the correlation strength. The themes of journals of the same color are similar, and the red cluster centered on cancer research is the most representative, indicating that the degree of topic connection between journals is the strongest and the number of common references is the largest.
[image: Figure 5]FIGURE 5 | Visualization of the co-cited journals in the clinical cancer therapy with Nanomaterials.
3.5 Highly cited reference analysis
By analyzing the most cited articles in this field, the center and focus of research can be identified, thereby assisting beginners in the field to quickly understand the research process and direction. Table 4 listed the top 10 most cited publications, among which the study entitled “Magnetic fluid hyperthermia (MFH): Cancer treatment with AC magnetic field induced excitation of biocompatible superparamagnetic nanoparticles” by Manfred Johannsen et al. was the most cited (n = 1,244). In 2005, Johannsen et al. used a mouse prostate tumor model to study the therapeutic effect of magnetic fluid hyperthermia. The results show that the maximum temperature in the tumor can reach more than 70°C when the frequency is 100 kHz and the magnetic field intensity is 18 kA/m. When the magnetic field intensity is 12.6 kA/m, the average maximum temperature inside the tumor is 54.8°C, and the minimum temperature is 41.28°C. Compared with the tumor weight of the treatment group and the control group, the inhibitory effect of magnetic fluid hyperthermia on tumor growth was 44% ∼ 51% (Johannsen et al., 2005). This study achieved a major breakthrough in the application of metal Nanomaterials in tumor therapy from theory to animal in vivo verification.
TABLE 4 | Top 10 most cited articles.
[image: Table 4]Article co-citation analysis analyzes the relationship between articles by analyzing the co-citation frequency of the articles. The relationship between studies is presented using VOSviewer in Figure 6. This network consists of 184 nodes (representing authors of literature) and 2,988 links (representing citation relationships among these nodes), with a threshold of 5.
[image: Figure 6]FIGURE 6 | Visualization of the highly cited references in the clinical cancer therapy with Nanomaterials.
3.6 Keywords analysis
As an overview of the core content of the article, keyword analysis was performed to determine the hotspots of clinical cancer treatment with metal Nanomaterials research. Table 5 shows the top 20 keywords by frequency. The most frequently occurring keyword is “nanoparticles” (n = 75), followed by “cancer” (n = 67). In addition, “therapy” (n = 60) and “gold nanoparticles” (n = 54) are frequent keywords, indicating that their corresponding fields are popular in metal Nanomaterials clinical cancer research. After removing non-informative keywords, we constructed a network comprising 147 keywords that appeared at least 5 times in VOSviewer, resulting in five distinct clusters (Figure 7A). The first group (red) included 32 keywords, such as chemotherapy, expression, resistance, safety, solid tumors and toxicity. The second group (green) included 28 keywords, such as delivery, ablation, mechanism, apoptosis and hyperthermia. The third group (blue) included 28 keywords, such as cellular uptake, receptors, mri, survival and gold nanoparticles. The fourth group (yellow) included 22 keywords, such as activation, blockade, radiation, iron and t-cells. The fifth group (purple) included 21 keywords, such as acid, biosynthesis, cytotoxicity, green synthesis and immune-response. The sixth group (cyan) included 16 keywords, such as micelles, liposomes, oxide, strategies and co-delivery.
TABLE 5 | Top 20 keywords in terms of frequency regarding clinical cancer therapy with metal Nanomaterials.
[image: Table 5][image: Figure 7]FIGURE 7 | Analysis of clinical cancer therapy with metal Nanomaterials related keywords. (A) Visualization of keywords network with occurrences of at least 5; (B) Visualization of keywords co-occurrence network over time.
Figure 7B presents a superimposed visualization of keywords, showing the changes that took place in terms of the keywords used over time. Purple nodes indicate early hotspots, while yellow nodes indicate emerging hotspots. The keywords gradually changed from “drug-delivery,” “hyperthermia,”“liposomes,” and “antitumor-activity” to “multicenter” and “safety,”“tumor microenvironment,”“antibacterials,” and “green synthesis.”
Figure 8 further displayed annual keywords mutations, facilitating a better understanding of annual hot topics and serving as a reference for future industry research and development based on recent keyword shifts.
[image: Figure 8]FIGURE 8 | Trends in topics over time.
4 DISCUSSION
This study represents the bibliometric analysis of clinical cancer treatment with metal Nanomaterials that has been implemented to date between 1995 and 2023. This study mainly used Bibliometrix Online Analysis Platform, HistCite, VOSviewer and Bibliometrix (R-Tool of R-Studio) to analyze 452 articles selected from the Web of Science Core Collection. These analyses included the number of annual global publications and TLCS focusing on clinical treatment with metal Nanomaterials, the countries or regions where these publications originated, the distribution of authors, the distribution of journals, highly cited reference and keywords analysis. Together, this contributed to our in-depth analysis of the research hotspots and future development trends in the field of clinical cancer treatment with metal Nanomaterials.
4.1 General information study
Over the past 2 decades, publications in the field of clinical cancer treatment with metal Nanomaterials have shown a steady upward trend (mainly divided into three phases), which began to plateau after a surge in 2009 and 2021, respectively. In the first stage, there are few tools and methods to effectively synthesize and test nanoparticles, and there are few high-impact studies. In addition, the scientific community is still exploring the potential applications of nanomaterials in medicine, resulting in fewer publications and citations. The prosperous of this field in 2009 can be attributed to several factors. First, technological advances during this period led to better control over the size, shape and surface modification of nanoparticles, which made them more effective in cancer treatment (Gül et al., 2024). Secondly, metal nanomaterials have begun to be used for multifunctional therapy, combining drug delivery and imaging, which has attracted more research attention (Hheidari et al., 2024). Third, initiatives like the U.S. National Nanotechnology Initiative (NNI) provided significant funding, which facilitated extensive research and clinical trials in nanotechnology applications, including drug delivery (Foundation, 2020). may be related to the huge success of the first phase of the world’s first clinical trial of a drug based on metal Nanomaterials. The sudden increase in the number of publications in 2022 may be related to the CE approval of crystalline hafnium oxide nanoparticle (Anselmo and Mitragotri, 2019). And the number of publications peaked in this year, which indicated a growing interest in Nanomaterials among clinical cancer trial practitioners.
From a country or regional perspective, the top three most productive countries in the field of metal Nanomaterials clinical cancer trials are China, the United States, and the Germany, with these three countries also contributing the most to the TLCS. It is worth noting that although China ranks first in terms of publications, its TLCS was far less than the USA. This indicates that although China is leading in production, the influence and impact of its research—reflected by citations within the local research community—is not as strong as that of the United States in the metal Nanomaterials field. The reasons for this phenomenon are usually related to different levels of research innovation, funding and cooperation networks. The United States has traditionally invested heavily in cutting-edge biomedical research, resulting in higher-impact research that sets global benchmarks (Owens, 2014). In addition, strong academic and industry partnerships in the United States often make it easier for research to be applied or referenced in subsequent research (Vico and Hallonsten, 2019). Another contributing factor is the difference in international cooperation models. Studies have shown that studies with high levels of international cooperation tend to receive more citations, and the United States often participates in a wide range of global cooperation, especially with top institutions in Europe and other regions (Grubbs et al., 2019). In contrast, Chinese research may focus more on regions, limiting its exposure to a global academic audience, thereby reducing the potential for citation (Han et al., 2024). In order to improve the citation potential of papers, Chinese scientific research institutions should focus on improving the quality of papers and encouraging innovative research with high influence. This can be achieved by increasing funding for cutting-edge research projects and supporting interdisciplinary projects that advance the boundaries of scientific knowledge (Lauer, 2022). Clinicians in China should pay close attention to current research hotspots, while also placing additional importance on ongoing scientific innovation, and expanding participation in international research networks to improve the global visibility and citation impact of Chinese research (Gao et al., 2022). Of the 10 most productive institutions, the top five are from China, followed by the United States and Italy. Among them, China and the United States are also notably the top two countries in terms of publications contribution, which clearly demonstrates that establishing world-class academic institutions is key to solving any existing imbalance in resource development. The presence of such institutions can also improve a country’s scientific research, innovation ability, and academic status.
Of the top 10 most prolific authors, Zangeneh Mohammad Mahdi has been the author that has made the most contributions in the field of metal Nanomaterials cancer clinical trials. Zangeneh Mohammad Mahdi is a member of the Ilam University of Medical Sciences, whose team focuses on research in metal Nanomaterials, particularly in the green synthesis of metal Nanomaterials. Zangeneh Mohammad Mahdi had involved in several clinical trials for metal Nanomaterials (Nejad et al., 2024b; Dou et al., 2021; Li et al., 2020; Sun et al., 2020; Nejad et al., 2024a). At the same time, his H-index is also high, ranking fourth in the field. On the whole, he has made outstanding contributions to the development of this field to a certain extent. It is worth noting that his main research direction is not the clinical treatment of cancer by metal Nanomaterials, but chemical synthesis, but he does rank first in the number of papers published in the field of clinical cancer treatment by metal Nanomaterials. This suggests a lack of researchers in the field of clinical cancer therapy where metal Nanomaterials may exist, or a insufficient number of publications by researchers specializing in this field. One of the reasons for this phenomenon may be related to the difficulty in obtaining regulatory approval for the use of metal Nanomaterials for therapeutic applications, which requires extensive preclinical and clinical studies to evaluate their safety and efficacy (Baranwal et al., 2023). Therefore, in order to achieve earlier real application of metal Nanomaterials in clinical cancer treatment, it is crucial to narrow the gap between laboratory research and its use in clinical settings. Another reason may be the lack of research funding to support this area, which leads to difficulties in conducting relevant clinical studies (Ventola, 2017). Therefore, we believe that in order to promote the development of this research field, policy support and related funding support at the government level are necessary.
An analysis of journals and co-cited journals can provide a reliable reference source for researchers’ contributions (Garfield, 1999). Of the top 10 most productive journals, Biomaterials and ACS Applied Materials and Interfaces are the two most productive specialized journals in the field of clinical cancer treatment with metal Nanomaterials. In particular, the TLCS of Biomaterials were also at a high level. The journal also has an excellent IF, ranking second among the top 10 most productive journals.
4.2 Research hotspots and development trends of metal nanomaterials in clinical cancer trials
The top 10 cited references in cancer metal Nanomaterials treatment were published in high-impact journals, with many authored by the world’s leading research teams. As seen in several studies, such as those conducted by teams focused on magnetic nanoparticles for cancer hyperthermia (Johannsen et al., 2005; Maier-Hauff et al., 2011), it has shown the potential to target and destroy cancer cells with minimal damage to surrounding healthy tissues. Recent clinical trials have shown that metal nanoparticles, such as gold nanoparticles and iron nanoparticles, have significant efficacy in improving cancer treatment. For example, clinical trials of iron nanoparticles synthesized by green synthesis have shown significant cytotoxic effects on colon cancer cells, especially when combined with radiotherapy (Nejad et al., 2024a). The progress of these studies emphasizes that nanoparticle-based therapies are increasingly developing into the field of clinical transformation, further advancing their potential for extensive medical applications. It can be seen from the highly cited articles that there has been some improvement in this research field and some high-quality research has probably begun around 2000. For example, gold nanoparticles as vectors for drug delivery were highlighted in the 2004 Drug Delivery article (Paciotti et al., 2004), laying the foundation for targeted drug delivery systems. Studies on biohybrid microrobots for imaging-guided therapy (Yan et al., 2017) also reflect a shift towards multifunctional treatments combining diagnostics and therapy. These early-stage trials have been crucial in advancing nanoparticle-based technologies toward clinical applications. More recent work, such as the 2017 Nature Materials article on designer vaccine nanodiscs for personalized immunotherapy (Kuai et al., 2017), demonstrates the growing interest in personalized cancer treatment approaches, offering alternatives to traditional methods. This collection of highly cited articles reflects a strong emphasis on clinical translation, with many studies forming the basis for future therapeutic advancements in the nanomedicine field.
Keywords are essential for identifying key articles and conducting a comprehensive analysis in any research field. They represent the core themes of the articles and reflect the prominent research hotspots. In this analysis of clinical cancer therapy using Nanomaterials, the evolution of keywords over time, visualized through overlay mapping, reveals important trends and shifts in focus, guiding future research directions. It can be seen from Table 5 that “nanoparticles”, “cancer” and “treatment” are the most frequently used keywords, indicating that they occupy the central position of the top 20 keywords in nanoparticle-based cancer treatment (Lim et al., 2015). The keywords “gold nanoparticles” and “iron-oxide nanoparticles” reflect the specific materials that are frequently employed, as seen in the most-cited articles on photothermal therapy (Huang et al., 2008) and drug delivery systems (Gupta and Gupta, 2005). This focus on nanoparticles, particularly gold and iron-oxide variants, aligns with the broader trend towards enhancing targeted therapy and reducing side effects. The emergence of terms like “green synthesis” and “antioxidant” in recent years also highlights a growing interest in sustainable and biocompatible methods for nanoparticle production, which has significant implications for clinical applications (Hawadak et al., 2022). Despite advances in research in the field of green synthesis, there are still challenges in expanding these green synthetic methods for clinical applications. Unlike traditional chemical synthesis methods, green synthesis often faces problems related to reproducibility, particle stability, and control of size and shape, especially in large-scale production. In addition, raw materials such as plant extracts introduce variability, which complicates quality control and makes it difficult to maintain consistency in large-scale production (Holghoomi et al., 2024). Although traditional methods provide better scalability and precision, they often involve toxic chemicals and produce harmful by-products, making them less suitable for clinical applications. In contrast, although green synthesis is environmentally friendly, it needs to be further improved in terms of cost-effectiveness, repeatability and scalability to meet the needs of clinical production (Kandav and Sharma, 2024).
The network visualizations (Figure 7) show the co-occurrence of keywords, with colored clusters representing different research areas. In the Figure 7A diagram, “gold nanoparticles” appears at the center of the red cluster, connected to terms like “photothermal therapy”, “iron-oxide nanoparticles”, and “drug delivery”. This suggests a focus on combining Nanomaterials with thermal-based therapies and delivery systems (Jain et al., 2008). The blue cluster is dominated by terms related to “chemotherapy” and “immunotherapy”, indicating their frequent pairing with Nanomaterials research (Torchilin, 2014). The green and yellow clusters cover more specific areas like “green synthesis” and “cytotoxicity”, pointing to increasing research on environmentally friendly synthesis methods and the safety of Nanomaterials (Torchilin, 2014). The timeline in Figure 7B indicates how these keywords evolved, with keywords related to “green synthesis” and “antioxidant” becoming more prominent in recent years (shown in yellow), signaling a growing interest in sustainable and biocompatible Nanomaterials applications (González-Ballesteros et al., 2017).
This analysis shows that metal Nanobiomaterials, especially gold and iron-oxide varieties, are at the forefront of cancer therapy research, with a strong focus on drug delivery, chemotherapy, and radiotherapy applications. The trend toward sustainable and biocompatible methods, such as green synthesis, is also gaining momentum.
5 LIMITATION
Although we have perfected this study as much as possible, this study still has some inevitable limitations. First of all, although Web of Science is one of the most authoritative literature retrieval tools, it does not cover all the literature related to this study. In addition, we only search for articles in English and ignore articles in other languages, which may lead to deviations in the results. Lastly, although our search strategy was designed to be comprehensive, it is possible that other relevant keywords were overlooked which could affect our results.
6 CONCLUSION
To the best of our knowledge, this study represents the first bibliometric analysis in the field of clinical cancer treatment with metal Nanomaterials. It identifies current research hotspots and directions in this field, and aims to predict future research developments, which may provide valuable information for future clinicians. Future research should focus on validating the clinical efficacy and safety of metal Nanobiomaterials for cancer treatment, especially in personalized medicine and photodynamic therapy.
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