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Background: The cannabinoids and endocannabinoid system are thought to play critical roles in multiple signaling pathways in organisms, and extensive evidence from preclinical studies indicated that cannabinoids and endocannabinoids displayed anticancer potential. This study aimed to summarize the research of cannabinoids and endocannabinoid system in cancer through bibliometric analysis.Methods: Relevant literature in the field of cannabinoids and endocannabinoid system in cancer published during 1995–2024 were collected from the Web of Science Core Collection database. VOSviewer and SCImago Graphica were applied to perform bibliometric analysis of countries, institutions, authors, journals, documents, and keywords.Results: A total of 3,052 publications were identified, and the global output exhibited a generally upward trend over the past 3 decades. The USA had the greatest number of publications and citations in this research field. Italian National Research Council led in terms of publication, while Complutense University of Madrid had the highest total citations. Vincenzo Di Marzo was the leading author in this field with the greatest number of publications and citations. The co-occurrence of keywords revealed that the research frontiers mainly included “cannabinoids”, “endocannabinoid system”, “cancer”, “anandamide”, “cannabidiol”, “cannabinoid receptor”, “apoptosis”, and “proliferation”.Conclusion: Our results revealed that the research of cannabinoids and endocannabinoid system in cancer would receive continuous attention. The USA and Italy have made remarkable contributions to this field, supported by their influential institutions and prolific scholars. The research emphasis has evolved from basic functional characterization to mechanistic exploration of disease pathways and translational applications within multidisciplinary framework.Keywords: endocannabinoid, cannabinoids, cancer, tumor, bibliometric analysis, visualization
1 INTRODUCTION
Cannabinoids, also known as phytocannabinoids, are compounds isolated from the marijuana plant (Ramer et al., 2021). Cannabinoids have been applied clinically to treat various cancer-related symptoms, such as nausea, vomiting, and cancer pain, and has brought benefits to cancer patients which improved their quality of life (Tramèr et al., 2001; Khasabova et al., 2012). The endocannabinoid system is a vital mechanism controlling multiple cellular growth and developmental processes in organisms (Moreno et al., 2019). Dysregulation of this system may result in abnormal proliferation, vascularization, and tumor invasion, leading to the development of various cancers (Cherkasova et al., 2022). The endocannabinoid system contains cannabinoid receptors, endocannabinoids, and the enzymes that produce and degrade endocannabinoids (Fonseca et al., 2018). Accumulating evidence from preclinical research have indicated the anticancer properties of the cannabinoids and endocannabinoid system in various types of cancer (Velasco et al., 2012; Hermanson and Marnett, 2011; Wang et al., 2018), whereas other evidence suggested a cancer-promoting effect (Preet et al., 2011; McAllister et al., 2021) as well as interactions with standard antitumor treatments (Jiang et al., 2013; Taha et al., 2019; Bar-Sela et al., 2020).
Over the past few decades, the research of cannabinoids and endocannabinoid system in anticancer therapies have been summarized in several reviews (Ramer et al., 2021; Moreno et al., 2019; Cherkasova et al., 2022; Hermanson and Marnett, 2011; Irrera et al., 2021; Ramer and Hinz, 2016; Hinz and Ramer, 2022). However, previous literature primarily concentrated on the mechanisms of action and clinical applications, and lacked comprehensive coverage of this theme in a larger scope. The approach of bibliometrics provides quantitative insights of a specific research area through mathematical and statistical methods, and has been widely applied in literature analysis (Chen, 2004; Chen and Song, 2019). In this context, we therefore conducted a bibliometric analysis to delve into the landscape and hotspots of the research on cannabinoids and endocannabinoid system in cancer. We believe our results of the research status, collaborative networks, and key research directions, would provide theoretical reference for future exploration of this area.
2 MATERIALS AND METHODS
The literature data were extracted from the Science Citation Index Expanded (SCIE) of Web of Science Core Collection (WoSCC) database. Although WoSCC is not the largest literature database, it is most widely used in bibliometric studies due to its advantages in subject categorization, citation information coverage, and journal quality (Wang and Waltman, 2016; Birkle et al., 2020; Adriaanse and Rensleigh, 2013; Kokol and Vošner, 2018; Pranckutė, 2021; Mongeon and Paul-Hus, 2016). In this study, the time period of publications was ranged from 1 January 1995 to 31 October 2024. The search term was set as follows: TS = (cannabinoid* OR endocannabinoid*) AND TS = (cancer* OR carcinoma* OR neoplasms* OR sarcoma* OR tumor* OR tumour* OR malignant* OR leukaemia* OR leukemia* OR lymphoma*). We conducted the data acquisition on a single day (31 October 2024) to eliminate potential bias from daily database updates. Given the dominance of English in scholarly communication and the fact that 98% of SCIE publications are written in English (Ramírez-Castañeda, 2020; Hamel, 2007), we restricted the publication language to English to avoid cross-linguistic ambiguity. In addition, original articles and reviews are regarded as the primary sources of bibliometric analysis considering their high coverage and complete citation information (Kalantari et al., 2017; Tsay and Shu, 2011). Therefore, document types including meeting abstracts, editorial materials, proceeding papers, early access, book chapters, letters, retractions, corrections, and news items, were excluded from the bibliometric analysis (Figure 1).
[image: Figure 1]FIGURE 1 | Flow diagram of literature screening process.
Data were exported to plain text file format, and data mining and visualization were conducted using VOSviewer (version 1.6.18) and SCImago Graphica (version 1.0.45). VOSviewer is a commonly used tool under JAVA environment that offers the functions of massive bibliometric data processing and mapping (van Eck and Waltman, 2010; Arruda et al., 2022; van Eck and Waltman, 2017). In this study, VOSviewer was employed to analyze and visualize the collaborative relationships and thematic clusters in several dimensions, including countries, institutions, authors, journals, documents, and keywords. The visualization of country co-authorship and keyword co-occurrence were performed using SCImago Graphica. The counting method of co-authorship and co-occurrence was set as “Full counting”, and the unit of keywords analysis was “All keywords”. Prior to data analysis, we performed data standardization to eliminate ambiguation of author names and institution names. In addition, due to the default setting of VOSviewer, some country/region data required integration. For instance, the terms of “England”, “Scotland”, “North Ireland”, and “Wales” were integrated into a single term, “UK”.
3 RESULTS
3.1 Overview of global output
A total of 3,052 publications were identified after data screening. As demonstrated in Figure 2, the annual global output from 1995 to 2024 reflected a fluctuating upward trend, indicating the increasing attention of this field over the past 3 decades. The number of annual global output was below 100 during 1995–2009. The number of publications began to exceed 100 in 2010 (n = 104), and subsequently peaked in 2021 with 263 publications.
[image: Figure 2]FIGURE 2 | Global trend of annual publications from 1995 to 2024.
3.2 Contributions of countries, institutions, and authors
A total of 86 countries have published studies related to cannabinoids and endocannabinoids in cancer. Figure 3 depicted the overview of countries on this research theme. In Figure 3A, the size of the node reflected the scientific outputs of countries, while the color represented their total citations. The top three productive countries were the USA (n = 892), Italy (n = 447), and China (n = 319), whereas the top three most-cited countries were the USA (n = 52,754), Italy (n = 27,837), and the UK (n = 16,979). The visualization of country collaboration networks and academic activities were illustrated in Figure 3B. The node size indicated the link strength between countries, whereas the color represented their academic activity. We found the thickest link was between the USA and Italy, reflecting their close collaborations. Concerning academic activity, Sweden exhibited an earlier contribution in this field, whereas South Africa displayed a more recent activity.
[image: Figure 3]FIGURE 3 | Visualization networks of countries. (A) Contributions and citations of countries. (B) Historiograph and cooperation between countries.
A total of 3,362 institutions participated in this research domain, with Italian National Research Council (n = 93), Complutense University of Madrid (n = 87), and University of Naples Federico II (n = 61) ranked as the leading three most productive institutions (Table 1). As summarized in Table 2, Complutense University of Madrid (n = 9,983) was the institution with the highest citations, followed by Italian National Research Council (n = 9,418) and University of Naples Federico II (n = 5,329).
TABLE 1 | The top ten most productive institutions.
[image: Table 1]TABLE 2 | The top ten most-cited institutions.
[image: Table 2]In this study, we found 14,087 authors contributed to the research of cannabinoids and endocannabinoid system in cancer. Figure 4 depicted the co-authorship visualization atlas. The outputs of authors were indicated by the size of the nodes, while the connecting lines between nodes denoted collaboration strength among authors. The color of nodes indicated distinct collaboration clusters (Figure 4A) or the academic activities of authors (Figure 4B). Vincenzo Di Marzo was one of the most fruitful scholars in this field, ranking first in publication (n = 61) and total citation (n = 4,364). Moreover, Vincenzo Di Marzo, Maurizio Bifulco, Mauro Maccarrone, Manuel Guzman, and Marco Macchia were the leading scholars in this domain and formed close collaborations.
[image: Figure 4]FIGURE 4 | Visualization networks of authors. (A) Contributions and cooperation between authors. (B) Historiograph of author co-authorship.
3.3 Productive journals and top-cited documents
In total, we detected 1,023 journals published literature in this theme. Table 3 listed the leading journals in publications. The most fruitful journal in this research area was International Journal of Molecular Sciences (n = 119), followed by British Journal of Pharmacology (n = 60) and Molecules (n = 59). There were eight of the top 10 most productive journals located in Q1 region according to the Journal Citation Reports 2023, and British Journal of Pharmacology had the highest impact factor (IF) of 6.8. As shown in Table 4, British Journal of Pharmacology (n = 6,690), International Journal of Radiation Oncology Journal of Biological Chemistry (n = 3,550), and European Journal of Pharmacology (n = 2,471) were the top three journals in citations. Moreover, seven of the top 10 most-cited journals were distributed in Q1 region, and Cancer Research had the highest IF of 12.5. Together, these results of the journal analysis indicated their high relevance and quality in the field. Table 5 presented the top 10 most-cited documents in this field. These documents were published between 2003 and 2022, and they were all cited more than 500 times. The review article titled “The endocannabinoid system as an emerging target of pharmacotherapy” published in Pharmacological Reviews by Pál Pacher et al. had the highest citation of 1,570.
TABLE 3 | The top ten most fruitful journals.
[image: Table 3]TABLE 4 | The top ten most-cited journals.
[image: Table 4]TABLE 5 | The top ten most-cited documents.
[image: Table 5]3.4 Keywords co-occurrence analysis
A total of 11,137 relevant keywords were collected, and the top 30 keywords with the strongest occurrence were demonstrated in Figure 5. The minimum threshold of keywords was adjusted to 120 to ensure readability of the graph. The keyword “cannabinoids” had the highest occurrence and the strongest link strength. The keyword with the earliest appearance was “anandamide”, and the newly emerged keyword was “cannabidiol”. The identified keywords were clustered into three distinct groups labeled by different colors. The red cluster encompassed keywords such as “endocannabinoid system”, “anandamide”, “cannabinoid receptor”, “endocannabinoids”, “inflammation”, “oxidative stress”, “cb2 receptor”, and “acid amide hydrolase”. The blue cluster included keywords of “cannabinoids”, “cannabidiol”, “cancer”, “cannabis”, “marijuana”, “neuropathic pain”, and “delta-9-tetrahydrocannabinol”. In the green cluster, “activation”, “expression”, “apoptosis”, “inhibition”, “receptor”, “cb1”, and “proliferation” were the main nodes included. The average publication year of the keywords demonstrated that the research frontiers were shifted from basic functional characterization of cannabinoid and endocannabinoid (e.g., “anandamide” and “acid amide hydrolase”) as well as cannabinoid receptors (e.g., “cb1” and “cb2 receptor”), to mechanisms of diseases (e.g., “neuropathic pain”, “proliferation”, “apoptosis”, and “oxidative stress”), and ultimately the translational applications within multidisciplinary framework of molecular biology, pathophysiology, pharmacology, immunology, and oncology.
[image: Figure 5]FIGURE 5 | The distribution and historiograph of keywords co-occurrence.
4 DISCUSSION
4.1 General trends and structures
In this study, we conducted a comprehensive bibliometric analysis in research concerning cannabinoids, endocannabinoid system, and cancer. The increasing tendency in global output reflected the growing recognition of this field, which was likely driven by the rapid developments in disciplines of physiology, pharmacology, biochemistry, and oncology. However, in recent years, the advances in anticancer therapies, including immune checkpoint inhibitors (ICIs), antibody-drug conjugates, and chimeric antigen receptor T cells, have attracted a substantial amount of attention and resources. In contrast, the limited progress in new target and unelucidated clinical efficacy of cannabinoids might have led to the recent slowdown in the development of this field (Pramesh et al., 2022; Skórzewska and Gęca, 2024; Chen et al., 2022).
As for productive countries, although the USA led in national contributions, Italy was more prominently in institutional output, possessing half of the top 10 institutions. A more in-depth analysis revealed that the majority of the top 100 institutions (n = 33) were still located in the USA, exhibiting a scattered and evenly distributed institutional output. This pattern might be attributed to differences among states in funding sources, research scale, and cannabis-related legal restrictions (Dickson et al., 2019; Cooper et al., 2021). Meanwhile, due to cultural acceptance and regulatory differences, cannabis research was more prevalent in European countries, such as Italy and Spain (Krcevski-Skvarc et al., 2018; Ransing et al., 2022). As the core of scientific research system in Italy, the Italian National Research Council plays a fundamental role in coordinating research activities among institutions and has contributed significantly to the research output (Tuzi, 2005). On the other hand, although Spain ranked sixth in the number of publications (n = 212), the Complutense University of Madrid held second in institutional output (n = 87), contributing 41.0% of the national production. The fruitful researchers, including Manuel Guzman, Guillermo Velasco, Mar Lorente, Cristina Sánchez, and Maria Salazar Roa, have formed close collaborations and contributed significantly to the academic status of this institution (Velasco et al., 2012; Maccarrone et al., 2014; Guzmán, 2003; Velasco et al., 2016a).
From the perspective of author contribution, the research groups led by Vincenzo Di Marzo, Maurizio Bifulco, Mauro Maccarrone, Manuel Guzman, and Marco Macchia, excelled in this domain and greatly advanced its development. Vincenzo Di Marzo pioneered in this topic and provided profound insights into the metabolic pathways, physiological functions, and anticancer actions, of endocannabinoids (Di Marzo, 2008; Marzo et al., 2004). Maurizio Bifulco had close connection with Vincenzo Di Marzo and primarily investigated the endocannabinoid system, cannabinoid receptor, cannabinoid, and their roles in cancer (Ligresti et al., 2003; Ligresti et al., 2006a; Pisanti et al., 2017). Mauro Maccarrone was a key scholar in cannabinoid research, and focused on endocannabinoid signaling, lipoxygenase pathway, and neuroinflammation (Maccarrone et al., 2000; Maccarrone et al., 2015). Manuel Guzman made fruitful achievements in the mechanisms of cannabinoid and cannabinoid receptors in oncology and neurology, and collaborated closely with Mauro Maccarrone (Velasco et al., 2012; Maccarrone et al., 2014; Guzmán, 2003). Marco Macchia was active more recently in this field, and concentrated on cannabinoid receptor-targeting pharmacological strategies in cancer treatment (Manera et al., 2015; Bertini et al., 2016).
Literature on this topic tended to be published in specialized journals of molecular sciences, pharmacology, biochemistry, and oncology. Moreover, the majority of journals were Q1 journals, and ranged 2.9 to 12.5 in IF. These findings indicated the high quality of the literature, and would be helpful for researchers seeking the core journals in the field. Besides, the most-cited publication was the review by Pál Pacher et al. titled “The endocannabinoid system as an emerging target of pharmacotherapy”. This review comprehensively summarized the knowledge status of the endocannabinoid system as a target of pharmacotherapy (Pacher et al., 2006).
4.2 Research development pattern
Publications on anticancer effects of cannabinoids and endocannabinoid system have accumulated over the last few decades. In the early 1970s, by using Lewis lung adenocarcinoma mice model, Munson et al. first discovered that orally administration of tetrahydrocannabinol inhibited tumor growth, suggesting the antiproliferative effects of cannabinoids (Munson et al., 1975). In the 1980s, Howlett et al. systematically introduced the cannabinoid receptors in their identification, distribution, and pharmacological properties (Howlett et al., 2002). The research of cannabinoid regulation of cell growth signaling was advanced after the characterization of cannabinoid receptors. From the 1990s, numerous findings from preclinical animal studies and human clinical work revealed the antitumor effects of endogenous cannabinoids and synthetic cannabinoids among various cancers, including lymphoma, pancreatic cancer, glioma, breast cancer, and prostate cancer (Carracedo et al., 2006a; Blázquez et al., 2006; Ligresti et al., 2006b). Follow-up studies from the 2000s focused on the mechanisms of cannabinoid-induced apoptosis and growth inhibition (Galve-Roperh et al., 2000a). Nowadays, the interest in cannabinoids and endocannabinoid system have increased due to their effects of antibacterial, anti-inflammatory, anti-anxiety, and neuroprotective (Luz-Veiga et al., 2023; Aljobaily et al., 2022). However, considering the psychoactivity and side effects of cannabinoids (Irrera et al., 2021; Abrams, 2016), their pharmacological potential is yet to be fully realized.
The endocannabinoid system is a vital mechanism controlling multiple cellular growth and developmental processes in organisms (Moreno et al., 2019). Dysregulation of this system may result in abnormal proliferation, vascularization, and tumor invasion (Cherkasova et al., 2022). The endocannabinoid system consists of G protein-coupled cannabinoid receptors, endocannabinoids, and enzymes that produce and degrade endocannabinoids (Fonseca et al., 2018). On the other hand, cannabinoids are compounds derived from the marijuana plant, and showed inhibitory effects of tumor proliferation, invasion, metastasis, and angiogenesis (Ramer et al., 2021; Velasco et al., 2012). Delta-9-tetrahydrocannabinol is the major component of phytocannabinoid, responsible for the psychoactive effects of marijuana (Maia et al., 2023). Previous reviews have summarized the evidence from animal experiments, clinical studies, and epidemiological research, indicating that non-psychoactive cannabinoids, such as cannabidiol, has potential therapeutic effects of anti-inflammatory, analgesic, and anxiolytic (Pertwee, 2006; Blessing et al., 2015). Besides phytocannabinoids, endocannabinoids also have the ability to activate cannabinoid receptors (Fonseca et al., 2013). The two well-known endocannabinoids are anandamide and 2-arachidonoylglycerol (Lim et al., 2023), and they are closely related to the regulation of pain, emotion, and immunity (Popescu-Spineni et al., 2022).
Effects of cannabinoids are thought to be mediated via 2 G protein-coupled receptors, namely, cannabinoid receptors type 1 (CB1) and cannabinoid receptors type 2 (CB2) (Howlett, 1995). The former is primarily expressed in central nervous system, whereas the latter is mostly found in the peripheral nervous system and immune cells (Devane et al., 1992). Moreover, an earlier in vitro study has reported the antitumor effect of cannabinoids via transient receptor potential vanilloid type 1 (TRPV1), reflecting the attractive research prospect of selective targeting TPRV1 (Fonseca et al., 2018). Aside from the direct activation of cannabinoid receptors, another approach is to increase endocannabinoid levels by inhibiting endocannabinoid-degrading enzymes (Schwarz et al., 2018). Therefore, we envision that selective inhibitors of endocannabinoid degrading enzyme would have promising research potential.
Numerous findings from rodent and in vitro models have suggested that cannabinoid receptors exert anticancer effects through diverse mechanisms, such as cell death stimulation, cell proliferation inhibition, and angiogenesis inhibition (Garmpis et al., 2022). Several pathology studies using surgical specimens from cancer patients have indicated that upregulated levels of CB1 or CB2 were associated with reduced survival and increased tumor metastasis and recurrence (Hashemi et al., 2020; Klein Nulent et al., 2013; Larrinaga et al., 2013; Wu et al., 2012). Other findings from clinical immunohistochemistry studies and rodent model experiments reported that higher CB1 and CB2 levels were linked to poor clinical outcomes in patients of renal cell carcinoma (Wang et al., 2018), head and neck squamous carcinoma (Klein et al., 2013), breast cancer (Blasco-Benito et al., 2019), and colorectal cancer (Martínez-Martínez et al., 2015). However, others reported the association between CB1/CB2 upregulation and longer survival time in hepatocellular carcinoma (Xu et al., 2006) and non-small cell lung cancer (Preet et al., 2011; McAllister et al., 2021). Thus, these controversial findings on the effects of cannabinoid receptors in cancer might suggest the necessity to distinguish exact cell types, such as tumor tissue, molecular tumor subtype, or immune cells, in order to explore more accurate prognostic property from the parameters. Further endeavors are required to thoroughly evaluate the potential role of cannabinoid receptors as biomarkers in cancer prevention and treatment.
4.3 Research hotspots
Cannabinoids have been applied clinically to treat various cancer-associated symptoms, such as nausea, vomiting, and cancer pain, which brought additional benefits for cancer patients and their quality of life (Tramèr et al., 2001; Khasabova et al., 2012). As for antitumor properties of cannabinoids, several mechanisms have been proposed, including cytostatic effects, apoptosis induction, and inhibition of neo-angiogenesis (Bifulco et al., 2006). Extensive studies using animal tumor models have revealed an association between cannabinoid-induced autophagy and apoptosis (Lorente et al., 2011). Salazar et al. first demonstrated that tetrahydrocannabinol induced autophagy in glioma cells via CB1 phosphorylation and endoplasmic reticulum stress (Salazar et al., 2009). Other preclinical work revealed that classic anticancer agents may benefit from such endoplasmic reticulum stress and autophagy inhibitors (Sui et al., 2013; Xu et al., 2014). In addition to cell death promoting effects, cannabinoids also showed antiangiogenic effects by inhibition of vascular endothelial growth factor receptors (VEGFR), VEGFR one and VEGFR2 (Casanova et al., 2003). Likewise, synthetic cannabinoids exhibited sustained inhibition of angiogenic process rather than inducing angiogenesis (Maia et al., 2023).
Besides, cannabinoids have been reported to greatly affect immune cells by altering multiple genes involved in immune response, immune cell apoptosis, and cell proliferation (Hu et al., 2020). Findings from immunodeficient mice model have shown a strong antitumor effect of the synthetic cannabinoid (Blázquez et al., 2006). The anti-inflammatory and immunosuppressive effects of cannabinoids have prompted the combination therapy with ICIs, though the clinical outcomes remained unclear. A few clinical studies strongly suggested that medicinal cannabis can improve the tolerability of cancer patients to ICIs treatment (Vigano et al., 2025), while no significant benefits on overall survival or progression free survival were noted (Bar-Sela et al., 2020; Biedny et al., 2020). On the contrary, some studies have indicated that the concurrent use of cannabinoids with ICIs can induce adverse effects on clinical outcomes (Sarsembayeva and Schicho, 2023).
The endocannabinoid system has emerged as a promising new target for pharmacological intervention in growth suppression and apoptosis induction in many cancer cells (Prather et al., 2013; Galve-Roperh et al., 2000b; Carracedo et al., 2006b; Massi et al., 2004; Tomko et al., 2019). Of note, although cannabinoids were found to display apoptotic effects in breast cancer cells (Caffarel et al., 2012), others studies reported protumorigenic effects of cannabinoids in breast cancer (McKallip et al., 2005; Zhu et al., 2000). Due to the complexity of endocannabinoid system in regulating cancer biology pathways, it may exert different effects on antiproliferative, antiangiogenic, anti-metastatic, and anti-inflammatory, which might explain its uncertainty in anticancer treatments (Mandrika et al., 2010). Interestingly, regarding lung cancer, although cannabis contains similar toxins and carcinogens to tobacco, there is currently no conclusive evidence that cannabis is associated with an increased risk of lung cancer (Jett et al., 2018; Yarlagadda et al., 2019). On the other hand, while some clinical evidence supported the benefits of cannabis in the treatment of lung cancer, it remained debatable to be included in official cancer treatment guidelines (Smith et al., 2015).
Regarding combined therapies, the combined use of cannabinoids was found to enhance the antiproliferative effects of various classical chemotherapeutic agents, including temozolomide, gemcitabine, paclitaxel, and of 5-fluorouracil (Shrivastava et al., 2011; Donadelli et al., 2011; Miyato et al., 2009; Gustafsson et al., 2009). However, the pharmacokinetic properties of cannabinoids need to be carefully considered as well. Previous findings have indicated that cannabinoids inhibited cytochrome P450 activity, which may consequently increase the toxicity and reduce the efficacy, of chemotherapeutic agents (Jiang et al., 2013; Yamaori et al., 2011). Therefore, the interaction between chemotherapeutic agents and cannabinoids would be a noteworthy issue that requires further clarification in future clinical studies. Additionally, the interaction between cannabinoids and ICIs has also gained attention. Clinical trial evidence has revealed the immunosuppressive effects of cannabinoids during concurrent nivolumab treatment (Taha et al., 2019; Bar-Sela et al., 2020). Thus, careful consideration should be given on patients treated with ICIs and cannabinoids. In targeted therapies, Velasco et al. found that cannabinoids is able to enhance the antineoplastic activity of targeted therapies by regulating protein kinases, such as anaplastic lymphoma receptor tyrosine kinase, epidermal growth factor receptor kinase, and extracellular signal-regulated kinase, demonstrating promising anticancer potential (Velasco et al., 2016b).
Interestingly, our results of keywords analysis revealed that several hotpots were more frequently occurred in recent years. First, with the legislation changes in the USA that medicinal use of cannabis has become more normalized, its potential in managing cancer-related symptoms and improving quality of life for cancer patients are becoming particularly attractive these years (McClure et al., 2023; Amin et al., 2024). Moreover, there has been growing evidence supporting the antitumor role of cannabis in an expanding list of cancers (Alsalamat et al., 2024). Although cannabidiol and tetrahydrocannabinol are the primary chemical compounds derived from cannabis, a scientific favor of cannabidiol over tetrahydrocannabinol was observed due to the multi-targeted property and less psychotropic effects of cannabidiol (Maayah et al., 2020; Mashabela and Kappo, 2024). Furthermore, evidence suggested that cannabidiol promotes apoptosis in cancer cells by targeting oxidative stress through oxidative cellular damage (Mokoena et al., 2022). Hence, cannabidiol would be a promising non-intoxicating target which is crucial for optimizing the therapeutic potential in cancer treatment.
4.4 Outlook
Overall, cannabinoids and endocannabinoid system have demonstrated potential therapeutic benefits for cancer. However, challenges have simultaneously emerged due to their extensive and complex influence on cancer progression (Skórzewska and Gęca, 2024). One of the main challenges lies in the step of clinical translation. Current evidence from clinical trials suggested that studies of cannabinoids and endocannabinoid system primarily focused on the management of cancer and/or treatment-related symptoms, with variable quality of evidence (Skórzewska and Gęca, 2024; Häuser et al., 2023). Therefore, it is necessary to conduct well-designed and high-quality clinical trials in the future. In addition, it would be of great value to combine preclinical mechanisms of action into clinical practice, such as optimal ratio of cannabinoid agents with chemotherapy and ICIs therapy (Vigano et al., 2025). Importantly, we should emphasize that the legislative issues with cannabis have constrained the collection of human trial data, thereby limiting our understanding of its side effects and drug interactions (Hayry, 2004).Thus, clinicians should carefully weigh the legal and ethical issues, such as informed patient consent and potential risks.
4.5 Limitations
This study should be interpreted within its limitations. First, although the use of single database facilitated our result management, the comprehensiveness of data might be potentially limited. Currently, data merging of multiple databases is often manual and requires significant effort. Future research utilizing newly developed open source tools would be highly beneficial for integrating the essence of multiple databases (Nikolić et al., 2024). In addition, due to the intrinsic limitation of bibliometrics that recent high-quality documents generally have low citation counts, these studies might be underappreciated. Future studies combining alternative metric method, such as early citation trends, would better capture the impact of emerging research in a timely manner (Wang et al., 2013).
5 CONCLUSION
In this study, we conducted a comprehensive bibliometric analysis on the research of cannabinoids and endocannabinoid system in cancer over the past 3 decades. Our results would provide referable guidance for the understanding of research emphasis on this topic, offering insights for clinical interventions and scientific inquiries.
DATA AVAILABILITY STATEMENT
The data sets analyzed in this study are available upon request from the corresponding author.
AUTHOR CONTRIBUTIONS
YT: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Methodology, Software, Visualization, Writing – original draft, Writing – review and editing. HX: Formal Analysis, Software, Visualization, Writing – original draft, Writing – review and editing. QS: Formal Analysis, Funding acquisition, Software, Visualization, Writing – original draft, Writing – review and editing.
FUNDING
The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Natural Science Foundation of China (82104223), Guangdong Basic and Applied Basic Research Foundation (2020A1515110008), Science and Technology Program of Guangzhou (202102021022, 2024A04J10001, and 2025A03J3308), and Guangzhou Municipal Key Discipline in Medicine (2025-2027).
GENERATIVE AI STATEMENT
The author(s) declare that no Generative AI was used in the creation of this manuscript.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2025.1540619/full#supplementary-material
REFERENCES
 Abrams, D. I. (2016). Integrating cannabis into clinical cancer care. Curr. Oncol. 23 (2), S8-S14–s14. doi:10.3747/co.23.3099
 Adriaanse, L., and Rensleigh, C. (2013). Web of science, Scopus and google scholar: a content comprehensiveness comparison. Electron. Libr. 31, 727–744. doi:10.1108/EL-12-2011-0174
 Aljobaily, N., Krutsinger, K., Viereckl, M. J., Joly, R., Menlove, B., Cone, B., et al. (2022). Low-dose administration of cannabigerol attenuates inflammation and fibrosis associated with methionine/choline deficient diet-induced NASH model via modulation of cannabinoid receptor. Nutrients 15 (1), 178. doi:10.3390/nu15010178
 Alsalamat, H. A., Abuarab, S. F., Salamah, H. M., Ishqair, A. H., Dwikat, M. F., Nourelden, A. Z., et al. (2024). Cannabis and cancer: unveiling the potential of a green ally in breast, colorectal, and prostate cancer. J. Cannabis Res. 6 (1), 24. doi:10.1186/s42238-024-00233-z
 Amin, S., Chae, S. W., Kawamoto, C. T., Phillips, K. T., and Pokhrel, P. (2024). Cannabis use among cancer patients and survivors in the United States: a systematic review. JNCI Cancer Spectr. 8 (1), pkae004. doi:10.1093/jncics/pkae004
 Arruda, H., Silva, E. R., Lessa, M., Proença, D., and Bartholo, R. (2022). VOSviewer and bibliometrix. J. Med. Libr. Assoc. 110 (3), 392–395. doi:10.5195/jmla.2022.1434
 Bar-Sela, G., Cohen, I., Campisi-Pinto, S., Lewitus, G. M., Oz-Ari, L., Jehassi, A., et al. (2020). Cannabis consumption used by cancer patients during immunotherapy correlates with poor clinical outcome. Cancers (Basel) 12 (9), 2447. doi:10.3390/cancers12092447
 Bertini, S., Chicca, A., Arena, C., Chicca, S., Saccomanni, G., Gertsch, J., et al. (2016). Synthesis and pharmacological evaluation of new biphenylic derivatives as CB2 receptor ligands. Eur. J. Med. Chem. 116, 252–266. doi:10.1016/j.ejmech.2016.03.072
 Biedny, A., Szpunar, S., Abdalla, A., Kafri, Z., and Hadid, T. H. (2020). The effect of concomitant cannabinoids during immune checkpoint inhibitor treatment of advanced stage malignancy. J. Clin. Oncol. 38 (15_Suppl. l), e15064–e. doi:10.1200/JCO.2020.38.15_suppl.e15064
 Bifulco, M., Laezza, C., Pisanti, S., and Gazzerro, P. (2006). Cannabinoids and cancer: pros and cons of an antitumour strategy. Br. J. Pharmacol. 148 (2), 123–135. doi:10.1038/sj.bjp.0706632
 Birkle, C., Pendlebury, D. A., Schnell, J., and Adams, J. (2020). Web of Science as a data source for research on scientific and scholarly activity. Quantitative Sci. Stud. 1 (1), 363–376. doi:10.1162/qss_a_00018
 Blasco-Benito, S., Moreno, E., Seijo-Vila, M., Tundidor, I., Andradas, C., Caffarel, M. M., et al. (2019). Therapeutic targeting of HER2-CB2R heteromers in HER2-positive breast cancer. Proc. Natl. Acad. Sci. 116(9):3863–3872. doi:10.1073/pnas.1815034116
 Blázquez, C., Carracedo, A., Barrado, L., Real, P. J., Fernández-Luna, J. L., Velasco, G., et al. (2006). Cannabinoid receptors as novel targets for the treatment of melanoma. FASEB J. 20 (14), 2633–2635. doi:10.1096/fj.06-6638fje
 Blessing, E. M., Steenkamp, M. M., Manzanares, J., and Marmar, C. R. (2015). Cannabidiol as a potential treatment for anxiety disorders. Neurotherapeutics 12 (4), 825–836. doi:10.1007/s13311-015-0387-1
 Caffarel, M. M., Andradas, C., Pérez-Gómez, E., Guzmán, M., and Sánchez, C. (2012). Cannabinoids: a new hope for breast cancer therapy?Cancer Treat. Rev. 38 (7), 911–918. doi:10.1016/j.ctrv.2012.06.005
 Carracedo, A., Gironella, M., Lorente, M., Garcia, S., Guzmán, M., Velasco, G., et al. (2006b). Cannabinoids induce apoptosis of pancreatic tumor cells via endoplasmic reticulum stress-related genes. Cancer Res. 66 (13), 6748–6755. doi:10.1158/0008-5472.Can-06-0169
 Carracedo, A., Lorente, M., Egia, A., Blázquez, C., García, S., Giroux, V., et al. (2006a). The stress-regulated protein p8 mediates cannabinoid-induced apoptosis of tumor cells. Cancer Cell 9 (4), 301–312. doi:10.1016/j.ccr.2006.03.005
 Casanova, M. L., Blázquez, C., Martínez-Palacio, J., Villanueva, C., Fernández-Aceñero, M. J., Huffman, J. W., et al. (2003). Inhibition of skin tumor growth and angiogenesis in vivo by activation of cannabinoid receptors. J. Clin. Investigation 111 (1), 43–50. doi:10.1172/jci16116
 Chen, C. (2004). Searching for intellectual turning points: progressive knowledge domain visualization. Proc. Natl. Acad. Sci. U. S. A. 101 (Suppl. 1), 5303–5310. doi:10.1073/pnas.0307513100
 Chen, C., and Song, M. (2019). Visualizing a field of research: a methodology of systematic scientometric reviews. PloS One 14 (10), e0223994. doi:10.1371/journal.pone.0223994
 Chen, Z., Kankala, R. K., Yang, Z., Li, W., Xie, S., Li, H., et al. (2022). Antibody-based drug delivery systems for cancer therapy: mechanisms, challenges, and prospects. Theranostics 12 (8), 3719–3746. doi:10.7150/thno.72594
 Cherkasova, V., Wang, B., Gerasymchuk, M., Fiselier, A., Kovalchuk, O., and Kovalchuk, I. (2022). Use of cannabis and cannabinoids for treatment of cancer. Cancers 14 (20), 5142. doi:10.3390/cancers14205142
 Cooper, Z. D., Abrams, D. I., Gust, S., Salicrup, A., and Throckmorton, D. C. (2021). Challenges for clinical cannabis and cannabinoid research in the United States. JNCI Monogr. 2021 (58), 114–122. doi:10.1093/jncimonographs/lgab009
 Devane, W. A., Hanus, L., Breuer, A., Pertwee, R. G., Stevenson, L. A., Griffin, G., et al. (1992). Isolation and structure of a brain constituent that binds to the cannabinoid receptor. Science 258 (5090), 1946–1949. doi:10.1126/science.1470919
 Dickson, K., Janasie, C., and Willett, K. L. (2019). Cannabinoid conundrum: a study of marijuana and hemp legality in the United States. Ariz. J. Environ. Law Policy 10 (20), 132–150.
 Di Marzo, V. (2008). Targeting the endocannabinoid system: to enhance or reduce?Nat. Rev. Drug Discov. 7 (5), 438–455. doi:10.1038/nrd2553
 Donadelli, M., Dando, I., Zaniboni, T., Costanzo, C., Dalla Pozza, E., Scupoli, M. T., et al. (2011). Gemcitabine/cannabinoid combination triggers autophagy in pancreatic cancer cells through a ROS-mediated mechanism. Cell Death and Dis. 2 (4), e152–e. doi:10.1038/cddis.2011.36
 Fonseca, B. M., Correia-da-Silva, G., and Teixeira, N. A. (2018). Cannabinoid-induced cell death in endometrial cancer cells: involvement of TRPV1 receptors in apoptosis. J. Physiology Biochem. 74 (2), 261–272. doi:10.1007/s13105-018-0611-7
 Fonseca, B. M., Costa, M. A., Almada, M., Correia-da-Silva, G., and Teixeira, N. A. (2013). Endogenous cannabinoids revisited: a biochemistry perspective. Prostagl. and Other Lipid Mediat. 102-103, 13–30. doi:10.1016/j.prostaglandins.2013.02.002
 Galve-Roperh, I., Sánchez, C., Cortés, M. L., del Pulgar, T. G., Izquierdo, M., and Guzmán, M. (2000a). Anti-tumoral action of cannabinoids: involvement of sustained ceramide accumulation and extracellular signal-regulated kinase activation. Nat. Med. 6 (3), 313–319. doi:10.1038/73171
 Galve-Roperh, I., Sánchez, C., Cortés, M. L., Gómez del Pulgar, T., Izquierdo, M., and Guzmán, M. (2000b). Anti-tumoral action of cannabinoids: involvement of sustained ceramide accumulation and extracellular signal-regulated kinase activation. Nat. Med. 6 (3), 313–319. doi:10.1038/73171
 Garmpis, N., Damaskos, C., Dimitroulis, D., Garmpi, A., Diamantis, E., Sarantis, P., et al. (2022). Targeting the endocannabinoid system: from the need for new therapies to the development of a promising strategy. What about pancreatic cancer?Vivo 36 (2), 543–555. doi:10.21873/invivo.12736
 Gustafsson, S. B., Lindgren, T., Jonsson, M., and Jacobsson, S. O. P. (2009). Cannabinoid receptor-independent cytotoxic effects of cannabinoids in human colorectal carcinoma cells: synergism with 5-fluorouracil. Cancer Chemother. Pharmacol. 63 (4), 691–701. doi:10.1007/s00280-008-0788-5
 Guzmán, M. (2003). Cannabinoids: potential anticancer agents. Nat. Rev. Cancer 3 (10), 745–755. doi:10.1038/nrc1188
 Hamel, R. E. (2007). The dominance of English in the international scientific periodical literature and the future of language use in science. AILA Rev. 20 (1), 53–71. doi:10.1075/aila.20.06ham
 Hashemi, M., Bashi, S., and Zali, A. (2020). The expression level of cannabinoid receptors type 1 and 2 in the different types of astrocytomas. Mol. Biol. Rep. 47 (7), 5461–5467. doi:10.1007/s11033-020-05636-8
 Häuser, W., Welsch, P., Radbruch, L., Fisher, E., Bell, R. F., and Moore, R. A. (2023). Cannabis-based medicines and medical cannabis for adults with cancer pain. Cochrane Database Syst. Rev. 6 (6), Cd014915. doi:10.1002/14651858.CD014915.pub2
 Hayry, M. (2004). Prescribing cannabis: freedom, autonomy, and values. J. Media Ethics. 30 (4), 333–336. doi:10.1136/jme.2002.001347
 Hermanson, D. J., and Marnett, L. J. (2011). Cannabinoids, endocannabinoids, and cancer. Cancer Metastasis Rev. 30 (3), 599–612. doi:10.1007/s10555-011-9318-8
 Hinz, B., and Ramer, R. (2022). Cannabinoids as anticancer drugs: current status of preclinical research. Br. J. Cancer 127 (1), 1–13. doi:10.1038/s41416-022-01727-4
 Howlett, A. C. (1995). Pharmacology of cannabinoid receptors. Annu. Rev. Pharmacol. Toxicol. 35, 607–634. doi:10.1146/annurev.pa.35.040195.003135
 Howlett, A. C., Barth, F., Bonner, T. I., Cabral, G., Casellas, P., Devane, W. A., et al. (2002). International union of pharmacology. XXVII. Classification of cannabinoid receptors. Pharmacol. Rev. 54 (2), 161–202. doi:10.1124/pr.54.2.161
 Hu, Y., Ranganathan, M., Shu, C., Liang, X., Ganesh, S., Osafo-Addo, A., et al. (2020). Single-cell transcriptome mapping identifies common and cell-type specific genes affected by acute delta9-tetrahydrocannabinol in humans. Sci. Rep. 10 (1), 3450. doi:10.1038/s41598-020-59827-1
 Irrera, N., Bitto, A., Sant’Antonio, E., Lauro, R., Musolino, C., and Allegra, A. (2021). Pros and cons of the cannabinoid system in cancer: focus on hematological malignancies. Molecules 26 (13), 3866. doi:10.3390/molecules26133866
 Jett, J., Stone, E., Warren, G., and Cummings, K. M. (2018). Cannabis use, lung cancer, and related issues. J. Thorac. Oncol. 13 (4), 480–487. doi:10.1016/j.jtho.2017.12.013
 Jiang, R., Yamaori, S., Okamoto, Y., Yamamoto, I., and Watanabe, K. (2013). Cannabidiol is a potent inhibitor of the catalytic activity of cytochrome P450 2C19. Drug Metabolism Pharmacokinet. 28 (4), 332–338. doi:10.2133/dmpk.dmpk-12-rg-129
 Kalantari, A., Kamsin, A., Kamaruddin, H. S., Ale Ebrahim, N., Gani, A., Ebrahimi, A., et al. (2017). A bibliometric approach to tracking big data research trends. J. Big Data 4 (1), 30. doi:10.1186/s40537-017-0088-1
 Khasabova, I. A., Khasabov, S., Paz, J., Harding-Rose, C., Simone, D. A., and Seybold, V. S. (2012). Cannabinoid type-1 receptor reduces pain and neurotoxicity produced by chemotherapy. J. Neurosci. 32 (20), 7091–7101. doi:10.1523/jneurosci.0403-12.2012
 Klein, N. T. J. W., Van Diest, P. J., van der Groep, P., Leusink, F. K. J., Kruitwagen, CLJJ, Koole, R., et al. (2013). Cannabinoid receptor-2 immunoreactivity is associated with survival in squamous cell carcinoma of the head and neck. Br. J. Oral Maxillofac. Surg. 51 (7), 604–609. doi:10.1016/j.bjoms.2013.03.015
 Klein Nulent, T. J., Van Diest, P. J., van der Groep, P., Leusink, F. K., Kruitwagen, C. L., Koole, R., et al. (2013). Cannabinoid receptor-2 immunoreactivity is associated with survival in squamous cell carcinoma of the head and neck. Br. J. Oral and Maxillofac. Surg. 51 (7), 604–609. doi:10.1016/j.bjoms.2013.03.015
 Kokol, P., and Vošner, H. B. (2018). Discrepancies among Scopus, Web of Science, and PubMed coverage of funding information in medical journal articles. J. Med. Libr. Assoc. JMLA 106 (1), 81–86. doi:10.5195/jmla.2018.181
 Krcevski-Skvarc, N., Wells, C., and Häuser, W. (2018). Availability and approval of cannabis-based medicines for chronic pain management and palliative/supportive care in Europe: a survey of the status in the chapters of the European Pain Federation. Eur. J. Pain 22 (3), 440–454. doi:10.1002/ejp.1147
 Larrinaga, G., Sanz, B., Blanco, L., Perez, I., Candenas, M. L., Pinto, F. M., et al. (2013). Cannabinoid CB1 receptor is expressed in chromophobe renal cell carcinoma and renal oncocytoma. Clin. Biochem. 46 (7), 638–641. doi:10.1016/j.clinbiochem.2012.12.023
 Ligresti, A., Bisogno, T., Matias, I., De Petrocellis, L., Cascio, M. G., Cosenza, V., et al. (2003). Possible endocannabinoid control of colorectal cancer growth. Gastroenterology 125 (3), 677–687. doi:10.1016/s0016-5085(03)00881-3
 Ligresti, A., Moriello, A. S., Starowicz, K., Matias, I., Pisanti, S., De Petrocellis, L., et al. (2006a). Antitumor activity of plant cannabinoids with emphasis on the effect of cannabidiol on human breast carcinoma. J. Pharmacol. Exp. Ther. 318 (3), 1375–1387. doi:10.1124/jpet.106.105247
 Ligresti, A., Moriello, A. S., Starowicz, K., Matias, I., Pisanti, S., De Petrocellis, L., et al. (2006b). Antitumor activity of plant cannabinoids with emphasis on the effect of cannabidiol on human breast carcinoma. J. Pharmacol. Exp. Ther. 318 (3), 1375–1387. doi:10.1124/jpet.106.105247
 Lim, J., Squire, E., and Jung, K. M. (2023). Phytocannabinoids, the endocannabinoid system and male reproduction. World J. Mens Health 41 (1), 1–10. doi:10.5534/wjmh.220132
 Lorente, M., Torres, S., Salazar, M., Carracedo, A., Hernández-Tiedra, S., Rodríguez-Fornés, F., et al. (2011). Stimulation of the midkine/ALK axis renders glioma cells resistant to cannabinoid antitumoral action. Cell Death and Differ. 18 (6), 959–973. doi:10.1038/cdd.2010.170
 Luz-Veiga, M., Amorim, M., Pinto-Ribeiro, I., Oliveira, A. L. S., Silva, S., Pimentel, L. L., et al. (2023). Cannabidiol and cannabigerol exert antimicrobial activity without compromising skin microbiota. Int. J. Mol. Sci. 24 (3), 2389. doi:10.3390/ijms24032389
 Maayah, Z. H., Takahara, S., Ferdaoussi, M., and Dyck, J. R. B. (2020). The molecular mechanisms that underpin the biological benefits of full-spectrum cannabis extract in the treatment of neuropathic pain and inflammation. Biochimica Biophysica Acta (BBA) - Mol. Basis Dis. 1866 (7), 165771. doi:10.1016/j.bbadis.2020.165771
 Maccarrone, M., Bab, I., Bíró, T., Cabral, G. A., Dey, S. K., Di Marzo, V., et al. (2015). Endocannabinoid signaling at the periphery: 50 years after THC. Trends Pharmacol. Sci. 36 (5), 277–296. doi:10.1016/j.tips.2015.02.008
 Maccarrone, M., Guzmán, M., Mackie, K., Doherty, P., and Harkany, T. (2014). Programming of neural cells by (endo)cannabinoids: from physiological rules to emerging therapies. Nat. Rev. Neurosci. 15 (12), 786–801. doi:10.1038/nrn3846
 Maccarrone, M., Lorenzon, T., Bari, M., Melino, G., and Finazzi-Agro, A. (2000). Anandamide induces apoptosis in human cells via vanilloid receptors. Evidence for a protective role of cannabinoid receptors. J. Biol. Chem. 275 (41), 31938–31945. doi:10.1074/jbc.M005722200
 Maia, J., Fonseca, B. M., Teixeira, N., and Correia-da-Silva, G. (2023). Unveiling the angiogenic effects of cannabinoids: enhancers or inhibitors?Biochem. Pharmacol. 215, 115686. doi:10.1016/j.bcp.2023.115686
 Mandrika, I., Petrovska, R., and Klovins, J. (2010). Evidence for constitutive dimerization of niacin receptor subtypes. Biochem. Biophysical Res. Commun. 395 (2), 281–287. doi:10.1016/j.bbrc.2010.04.011
 Manera, C., Malfitano, A. M., Parkkari, T., Lucchesi, V., Carpi, S., Fogli, S., et al. (2015). New quinolone- and 1,8-naphthyridine-3-carboxamides as selective CB2 receptor agonists with anticancer and immuno–modulatory activity. Eur. J. Med. Chem. 97, 10–18. doi:10.1016/j.ejmech.2015.04.034
 Martínez-Martínez, E., Gómez, I., Martín, P., Sánchez, A., Román, L., Tejerina, E., et al. (2015). Cannabinoids receptor type 2, CB2, expression correlates with human colon cancer progression and predicts patient survival. Oncoscience 2 (2), 131–141. doi:10.18632/oncoscience.119
 Marzo, V. D., Bifulco, M., and Petrocellis, L. D. (2004). The endocannabinoid system and its therapeutic exploitation. Nat. Rev. Drug Discov. 3 (9), 771–784. doi:10.1038/nrd1495
 Mashabela, M. D., and Kappo, A. P. (2024). Anti-cancer and anti-proliferative potential of cannabidiol: a cellular and molecular perspective. Int. J. Mol. Sci. 25 (11), 5659. doi:10.3390/ijms25115659
 Massi, P., Vaccani, A., Ceruti, S., Colombo, A., Abbracchio, M. P., and Parolaro, D. (2004). Antitumor effects of cannabidiol, a nonpsychoactive cannabinoid, on human glioma cell lines. J. Exp. Pharmacol. 308 (3), 838–845. doi:10.1124/jpet.103.061002
 McAllister, S. D., Abood, M. E., Califano, J., and Guzmán, M. (2021). Cannabinoid cancer biology and prevention. J. Natl. Cancer Inst. 2021 (58), 99–106. doi:10.1093/jncimonographs/lgab008
 McClure, E. A., Walters, K. J., Tomko, R. L., Dahne, J., Hill, E. G., and McRae-Clark, A. L. (2023). Cannabis use prevalence, patterns, and reasons for use among patients with cancer and survivors in a state without legal cannabis access. Support Care Cancer 31 (7), 429. doi:10.1007/s00520-023-07881-6
 McKallip, R. J., Nagarkatti, M., and Nagarkatti, P. S. (2005). Delta-9-tetrahydrocannabinol enhances breast cancer growth and metastasis by suppression of the antitumor immune response. J. Immunol. 174 (6), 3281–3289. doi:10.4049/jimmunol.174.6.3281
 Miyato, H., Kitayama, J., Yamashita, H., Souma, D., Asakage, M., Yamada, J., et al. (2009). Pharmacological synergism between cannabinoids and paclitaxel in gastric cancer cell lines. J. Surg. Res. 155 (1), 40–47. doi:10.1016/j.jss.2008.06.045
 Mokoena, D., George, B. P., and Abrahamse, H. (2022). “The role of cannabis species on oxidative stress in cancer cells,” in Handbook of oxidative stress in cancer: therapeutic aspects ed . Editor S. Chakraborti (Singapore: Springer Nature Singapore), 581–594. doi:10.1007/978-981-16-5422-0_201
 Mongeon, P., and Paul-Hus, A. (2016). The journal coverage of Web of Science and Scopus: a comparative analysis. Scientometrics 106 (1), 213–228. doi:10.1007/s11192-015-1765-5
 Moreno, E., Cavic, M., Krivokuca, A., Casadó, V., and Canela, E. (2019). The endocannabinoid system as a target in cancer diseases: are we there yet?Front. Pharmacol. 10, 339. doi:10.3389/fphar.2019.00339
 Munson, A. E., Harris, L. S., Friedman, M. A., Dewey, W. L., and Carchman, R. A. (1975). Antineoplastic activity of cannabinoids. J. Natl. Cancer Inst. 55 (3), 597–602. doi:10.1093/jnci/55.3.597
 Nikolić, D., Ivanović, D., and Ivanović, L. (2024). An open-source tool for merging data from multiple citation databases. Scientometrics 129 (7), 4573–4595. doi:10.1007/s11192-024-05076-2
 Pacher, P., Bátkai, S., and Kunos, G. (2006). The endocannabinoid system as an emerging target of pharmacotherapy. Pharmacol. Rev. 58 (3), 389–462. doi:10.1124/pr.58.3.2
 Pertwee, R. G. (2006). Cannabinoid pharmacology: the first 66 years. Br. J. Pharmacol. 147 (Suppl. 1), S163–S171. doi:10.1038/sj.bjp.0706406
 Pisanti, S., Malfitano, A. M., Ciaglia, E., Lamberti, A., Ranieri, R., Cuomo, G., et al. (2017). Cannabidiol: state of the art and new challenges for therapeutic applications. Pharmacol. and Ther. 175, 133–150. doi:10.1016/j.pharmthera.2017.02.041
 Popescu-Spineni, D. M., Guja, L., Cristache, C. M., Pop-Tudose, M. E., and Munteanu, A. M. (2022). The influence of endocannabinoid system on women reproduction. Acta Endocrinologica-Bucharest 18 (2), 209–215. doi:10.4183/aeb.2022.209
 Pramesh, C. S., Badwe, R. A., Bhoo-Pathy, N., Booth, C. M., Chinnaswamy, G., Dare, A. J., et al. (2022). Priorities for cancer research in low- and middle-income countries: a global perspective. Nat. Med. 28 (4), 649–657. doi:10.1038/s41591-022-01738-x
 Pranckutė, R. (2021). Web of science (WoS) and Scopus: the titans of bibliographic information in today’s academic world. Publications 9 (1), 12. doi:10.3390/publications9010012
 Prather, P. L., FrancisDevaraj, F., Dates, C. R., Greer, A. K., Bratton, S. M., Ford, B. M., et al. (2013). CB1 and CB2 receptors are novel molecular targets for Tamoxifen and 4OH-Tamoxifen. Biochem. Biophysical Res. Commun. 441 (2), 339–343. doi:10.1016/j.bbrc.2013.10.057
 Preet, A., Qamri, Z., Nasser, M. W., Prasad, A., Shilo, K., Zou, X., et al. (2011). Cannabinoid receptors, CB1 and CB2, as novel targets for inhibition of non-small cell lung cancer growth and metastasis. Cancer Prev. Res. 4 (1), 65–75. doi:10.1158/1940-6207.Capr-10-0181
 Ramer, R., and Hinz, B. (2016). Antitumorigenic targets of cannabinoids – current status and implications. Expert Opin. Ther. Targets 20 (10), 1219–1235. doi:10.1080/14728222.2016.1177512
 Ramer, R., Wittig, F., and Hinz, B. (2021). The endocannabinoid system as a pharmacological target for new cancer therapies. Cancers 13 (22), 5701. doi:10.3390/cancers13225701
 Ramírez-Castañeda, V. (2020). Disadvantages in preparing and publishing scientific papers caused by the dominance of the English language in science: the case of Colombian researchers in biological sciences. PLoS One 15 (9), e0238372. doi:10.1371/journal.pone.0238372
 Ransing, R., de la Rosa, P. A., Pereira-Sanchez, V., Handuleh, J. I. M., Jerotic, S., Gupta, A. K., et al. (2022). Current state of cannabis use, policies, and research across sixteen countries: cross-country comparisons and international perspectives. Trends Psychiatry Psychotherapy 44 (Suppl. 1), e20210263. doi:10.47626/2237-6089-2021-0263
 Salazar, M., Carracedo, A., Salanueva, I. J., Hernández-Tiedra, S., Lorente, M., Egia, A., et al. (2009). Cannabinoid action induces autophagy-mediated cell death through stimulation of ER stress in human glioma cells. J. Clin. Investigation 119 (5), 1359–1372. doi:10.1172/jci37948
 Sarsembayeva, A., and Schicho, R. (2023). Cannabinoids and the endocannabinoid system in immunotherapy: helpful or harmful?Front. Oncol. 13, 1296906. doi:10.3389/fonc.2023.1296906
 Schwarz, R., Ramer, R., and Hinz, B. (2018). Targeting the endocannabinoid system as a potential anticancer approach. Drug Metab. Rev. 50 (1), 26–53. doi:10.1080/03602532.2018.1428344
 Shrivastava, A., Kuzontkoski, P. M., Groopman, J. E., and Prasad, A. (2011). Cannabidiol induces programmed cell death in breast cancer cells by coordinating the cross-talk between apoptosis and autophagy. Mol. Cancer Ther. 10 (7), 1161–1172. doi:10.1158/1535-7163.Mct-10-1100
 Skórzewska, M., and Gęca, K. (2024). The role of cannabinoids in advancing cancer treatment: insights from evidence-based medicine. Curr. Oncol. Rep. 26 (11), 1334–1348. doi:10.1007/s11912-024-01589-4
 Smith, L. A., Azariah, F., Lavender, V. T. C., Stoner, N. S., and Bettiol, S. (2015). Cannabinoids for nausea and vomiting in adults with cancer receiving chemotherapy. Cochrane Database Syst. Rev. 2015 (11), CD009464. doi:10.1002/14651858.CD009464.pub2
 Sui, X., Chen, R., Wang, Z., Huang, Z., Kong, N., Zhang, M., et al. (2013). Autophagy and chemotherapy resistance: a promising therapeutic target for cancer treatment. Cell Death and Dis. 4 (10), e838–e. doi:10.1038/cddis.2013.350
 Taha, T., Meiri, D., Talhamy, S., Wollner, M., Peer, A., and Bar-Sela, G. (2019). Cannabis impacts tumor response rate to nivolumab in patients with advanced malignancies. Oncologist 24 (4), 549–554. doi:10.1634/theoncologist.2018-0383
 Tomko, A., O'Leary, L., Trask, H., Achenbach, J. C., Hall, S. R., Goralski, K. B., et al. (2019). Antitumor activity of abnormal cannabidiol and its analog O-1602 in taxol-resistant preclinical models of breast cancer. Front. Pharmacol. 10, 1124. doi:10.3389/fphar.2019.01124
 Tramèr, M. R., Carroll, D., Campbell, F. A., Reynolds, D. J., Moore, R. A., and McQuay, H. J. (2001). Cannabinoids for control of chemotherapy induced nausea and vomiting: quantitative systematic review. Br. Med. J. 323 (7303), 16–21. doi:10.1136/bmj.323.7303.16
 Tsay, M.-y., and Shu, Z. (2011). Journal bibliometric analysis: a case study on the Journal of Documentation. J. Doc. 67, 806–822. doi:10.1108/00220411111164682
 Tuzi, F. (2005). Useful science is good science: empirical evidence from the Italian National Research Council. Technovation 25 (5), 505–512. doi:10.1016/j.technovation.2003.10.003
 van Eck, N. J., and Waltman, L. (2010). Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics 84 (2), 523–538. doi:10.1007/s11192-009-0146-3
 van Eck, N. J., and Waltman, L. (2017). Citation-based clustering of publications using CitNetExplorer and VOSviewer. Scientometrics 111 (2), 1053–1070. doi:10.1007/s11192-017-2300-7
 Velasco, G., Sánchez, C., and Guzmán, M. (2012). Towards the use of cannabinoids as antitumour agents. Nat. Rev. Cancer 12 (6), 436–444. doi:10.1038/nrc3247
 Velasco, G., Sánchez, C., and Guzmán, M. (2016a). Anticancer mechanisms of cannabinoids. Curr. Oncol. 23 (2), S23–S32. doi:10.3747/co.23.3080
 Velasco, G., Sánchez, C., and Guzmán, M. (2016b). Anticancer mechanisms of cannabinoids. Curr. Oncol. 23 (11), 23–32. doi:10.3747/co.23.3080
 Vigano, M., Wang, L., As’sadiq, A., Samarani, S., Ahmad, A., and Costiniuk, C. T. (2025). Impact of cannabinoids on cancer outcomes in patients receiving immune checkpoint inhibitor immunotherapy. Front. Immunol. 16, 1497829. doi:10.3389/fimmu.2025.1497829
 Wang, D., Song, C., and Barabási, A.-L. (2013). Quantifying long-term scientific impact. Science . 342(6154):127–132. doi:10.1126/science.1237825
 Wang, J., Xu, Y., Zhu, L., Zou, Y., Kong, W., Dong, B., et al. (2018). Cannabinoid receptor 2 as a novel target for promotion of renal cell carcinoma prognosis and progression. J. Cancer Res. Clin. Oncol. 144 (1), 39–52. doi:10.1007/s00432-017-2527-y
 Wang, Q., and Waltman, L. (2016). Large-scale analysis of the accuracy of the journal classification systems of Web of Science and Scopus. J. Inf. 10 (2), 347–364. doi:10.1016/j.joi.2016.02.003
 Wu, X., Han, L., Zhang, X., Li, L., Jiang, C., Qiu, Y., et al. (2012). Alteration of endocannabinoid system in human gliomas. J. Neurochem. 120 (5), 842–849. doi:10.1111/j.1471-4159.2011.07625.x
 Xu, X., Liu, Y., Huang, S., Liu, G., Xie, C., Zhou, J., et al. (2006). Overexpression of cannabinoid receptors CB1 and CB2 correlates with improved prognosis of patients with hepatocellular carcinoma. Cancer Genet. Cytogenet 171 (1), 31–38. doi:10.1016/j.cancergencyto.2006.06.014
 Xu, Y., Wang, C., and Li, Z. (2014). A new strategy of promoting cisplatin chemotherapeutic efficiency by targeting endoplasmic reticulum stress. Mol. Clin. Oncol. 2 (1), 3–7. doi:10.3892/mco.2013.202
 Yamaori, S., Okamoto, Y., Yamamoto, I., and Watanabe, K. (2011). Cannabidiol, a major phytocannabinoid, as a potent atypical inhibitor for CYP2D6. Drug Metabolism Dispos. 39 (11), 2049–2056. doi:10.1124/dmd.111.041384
 Yarlagadda, K., Singh, P., Shrimanker, I., Hoffman, J. C., and Nookala, V. K. (2019). Pot smokers puffing away lung health. Heart and Lung 48 (5), 462–464. doi:10.1016/j.hrtlng.2019.05.010
 Zhu, L. X., Sharma, S., Stolina, M., Gardner, B., Roth, M. D., Tashkin, D. P., et al. (2000). Delta-9-tetrahydrocannabinol inhibits antitumor immunity by a CB2 receptor-mediated, cytokine-dependent pathway. J. Immunol. 165 (1), 373–380. doi:10.4049/jimmunol.165.1.373
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2025 Tan, Xia and Song. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-16-1540619-g005.gif
|

£ % 8 F B % 1§ 3





OPS/images/fphar-16-1540619-t001.jpg
Rank

Ins on

Italian National Research Council

2 Complutense University of Madrid 87
3 University of Naples Federico It 61
4 ‘The Hebrew University of Jerusalem 54
5 University of Salerno 54
6 Umed University 39
7 University of Minnesota 34
8 University of Teramo 34
9 Indiana University 33
10 University of Pisa 33






OPS/images/fphar-16-1540619-g003.gif





OPS/images/fphar-16-1540619-g004.gif





OPS/images/fphar-16-1540619-t004.jpg
10

British Journal of Pharmacology

Journal of Biological Chemistry

European Journal of Pharmacology

International Journal of Molecular Sciences

Cancer Research

Journal of Neuropathology and Experimental Neurology
Journal of Pharmacology and Experimental Therapeutics
FASEB Journal

Prostaglandins Leukotrienes and Essential Fatty Acids

Molecular Cancer Therapeutics

6,690
3550
2471
2326
2229
2016
1,898
1,585
1,548

1,486

68

42

49

125

32

31

44

29

53

Q1
Q
Q1
Q1
Q1
Q
Q1
Q
Q
Q






OPS/images/fphar-16-1540619-t002.jpg
Rank Institution Total

1 Complutense University of Madrid 9,983
2 Italian National Research Council 9418
3 University of Naples Federico 1T | 5329
4 ‘The Hebrew University of Jerusalem 4721
5 National Institute on Alcohol Abuse and Alcoholism 4613
6 University of Salerno 3847
7 Spanish National Research Council 2,808
8 University of Aberdeen | 2524
9 University of Rome Tor Vergata | 2452
10 Indiana University | 2433






OPS/images/fphar-16-1540619-t003.jpg
Ran

10

ournal
International Journal of Molecular Sciences
British Journal of Pharmacology
Molecules
Cancers
European Journal of Pharmacology
Cannabis and Cannabinoid Research
Frontiers in Pharmacology
PLoS One
Life Sciences

Scientific Reports

119

60

59

52

52

42

37

36

33

31

IF 2023
56
68
42
45
42
31
44
29
52

38

Q1

@
Ql
Q1
Q
Q1L
Qi
Q1
Q1






OPS/xhtml/nav.xhtml
Contents

		Cover

		Research mapping of cannabinoids and endocannabinoid system in cancer over the past three decades: insights from bibliometric analysis		Background

		Methods

		Results

		Conclusion

		1 Introduction

		2 Materials and methods

		3 Results		3.1 Overview of global output

		3.2 Contributions of countries, institutions, and authors

		3.3 Productive journals and top-cited documents

		3.4 Keywords co-occurrence analysis





		4 Discussion		4.1 General trends and structures

		4.2 Research development pattern

		4.3 Research hotspots

		4.4 Outlook

		4.5 Limitations





		5 Conclusion

		Data availability statement

		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		Supplementary material

		References









OPS/images/cover.jpg
, frontiers | Frontiersin Pharmacology

Research mapping of
cannabinoids and
endocannabinoid system in
cancer over the past three
decades: insights from
bibliometric analysis





OPS/images/fphar-16-1540619-g001.gif
TS = (cannabinold® OR
‘endocannabinoid) AND TS =
(cancer* OR carcinoma* OR-

neoplasms* OR sarcoma* OR tumor*

‘OR tumour* OR Iymphomat OR
loukemia* OR loukaomia* OR
malignan) AND PY={(1995-2024)

Non-English documents were excluded
(n=51)

Meoting abstracts (n=132),editorisl
 materials (n=55), proceeding papers
 (n=41), eary access (n=31), book
chapters (n=22),ltters (n=14),
retractions (n=7), corrections (n=5),
v nows toms (n=2) wore excluded

- T et






OPS/images/fphar-16-1540619-g002.gif
n!flI!lfliffll‘flﬁif’o"fi’fo‘e‘&"’#‘&’ff





OPS/images/fphar-16-1540619-t005.jpg
10

First author
Pil Pacher
Angelo A Izzo
Ethan B Russo
Luciano De Petrocellis
Dina G Tiniakos
Belén G Ramirez
Takaaki Higashi
Willem M de Vos
Franjo Grotenhermen

Penny F Whiting

Year
2006
2009
2011
2011
2010
2005
2017
2022
2003

2015

10.1124/pr.583.2

10.1111/j.1476-5381.2010.01166.x
10.1001/jama. 2015.6358

10.1136/gutjnl-2021-326789

10.1523/]NEUROSCL.4540-04.2005

10.1016/jtips. 2009.07.006
10.2165/00003088-200342040-00003
10.1111/j.1476-5381.2011.01238.x
10.1146/annurev-pathol-121808-102132

10.1016/j.addr. 2017.05.007

1,570

997

947

658

655

620

606

559

531

502










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





