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Objectives: This study employs bibliometric analysis to track evolution and identify trends of key topics in ferroptosis within the context of lung cancer. By identifying emerging research areas, our aim is to provide valuable insights and directions for researchers in this field.Methods: Relevant papers and reviews on ferroptosis in lung cancer were retrieved from the Web of Science Core Collection database on 5 February 2024. Bibliometric analysis was conducted using CiteSpace 6.2.R3, VOSviewer 1.6.20, R 4.3.0, Bibliometric and Microsoft Excel 2019.Results: From 2015 to 2020, publications related to ferroptosis in lung cancer were sparse but showed a steady increase. Post-2020, there has been a significant surge, with a 6.4-fold increase observed by 2023. Overall, authors from 4,033 institutions across 42 countries/regions contributed 606 papers published in 262 academic journals. China emerged as the leading contributor, while the United States maintained dominance. Lifang Ma was the most prolific author, with DIXON SJ, YANG WS, and STOCKWELL BR being the most frequently co-cited. Effective communication and collaboration among scholars are lacking. Key journals include Frontiers in Pharmacology for publication output, and Nature and Cell for citation frequency. Research focuses on molecular mechanisms of ferroptosis, including endoplasmic reticulum stress, tumor microenvironment, and autophagy. Therapeutic targets like GPX4, SLC7A11, P53, FSP1, Nrf2, LSH, STYK1/NOK, and ACSL4 are prominent. Traditional Chinese medicine also shows clinical value in ferroptosis research.Conclusion: Ferroptosis, as a promising research avenue with significant clinical applications in lung cancer, continues to undergo rapid development. The study of iron death in lung cancer will remain a critical research focus in the future.Keywords: ferroptosis, lung cancer, CiteSpace, bibliometric analysis, knowledge mapping
1 INTRODUCTION
Cancer poses a significant health risk and remains a primary cause of human mortality (Siegel et al., 2023). Among the array of cancer types, lung cancer stands as the second most commonly diagnosed and the foremost cause of cancer-related deaths, contributing to around 18% of all such fatalities (Sung et al., 2021). Despite advancements in conventional therapies, along with molecular targeted treatments and immunotherapy, outcomes for patients with advanced-stage lung cancer have proven unsatisfactory (Zukotynski et al., 2021). Hence, there is a pressing need for deeper exploration into the mechanisms governing the onset and advancement of lung cancer, alongside the quest for innovative and effective therapeutic approaches.
Programmed cell death pathways, such as apoptosis, necroptosis, and pyroptosis, have long been recognized as critical regulators of cancer biology. Recently, novel regulated cell death mechanisms, including cuproptosis and disulfidptosis, have been identified, offering fresh insights into tumor progression and therapeutic strategies. Cuproptosis, a copper-dependent form of cell death, has been implicated in cancer progression, with pan-cancer analyses revealing that mutations in cuproptosis-associated genes (e.g., ATP7A, ATP7B, LIAS) correlate with survival outcomes and immune microenvironment modulation in multiple cancer types, including kidney and uterine cancers (Liu and Tang, 2022a; Liu and Tang, 2022b; Liu, 2023). Similarly, disulfidptosis, a disulfide stress-mediated cell death mechanism, has been linked to aberrant cytoskeletal dynamics and associated with prognosis in cancers such as mesothelioma and lower-grade glioma (Liu et al., 2023a; Liu and Tang, 2023). Both pathways highlight the critical role of regulated cell death in influencing cancer development, immune infiltration, and therapeutic sensitivity, underscoring their potential as diagnostic and prognostic biomarkers.
Among these, ferroptosis, introduced by Dixon et al., in 2012, has garnered significant attention due to its unique iron-dependent mechanism involving the accumulation of lipid peroxides and glutathione peroxidase (GPX) inhibition, leading to oxidative membrane damage (Dixon et al., 2012; Kinowaki et al., 2021). Subsequent studies have demonstrated that ferroptosis plays a crucial role in lung cancer progression, with its induction emerging as a promising therapeutic strategy (Chai et al., 2021; Liu et al., 2021). Furthermore, research has revealed that ferroptosis not only impedes tumor growth but also enhances the efficacy of chemotherapy, targeted therapy, and immunotherapy (Guo et al., 2018; Sun et al., 2016). Recent studies have emphasized the therapeutic potential of targeting ferroptosis-related pathways, such as system Xc− inhibition and GPX4 degradation, for overcoming therapy resistance and suppressing metastasis in lung cancer (Xia et al., 2019; Kim et al., 2023; Fan et al., 2025). Additionally, investigations into nanomaterial-based ferroptosis inducers have shown promise in preclinical cancer treatment models, paving the way for innovative therapeutic strategies (Hsieh et al., 2021; Shu et al., 2024). It should be noted that there are currently drugs in development targeting ferroptosis-related mechanisms, such as small-molecule compounds that regulate iron metabolism and enhance GPX4 activity, which may offer new avenues for treatment (Ding et al., 2021; Ye et al., 2022; Zhang et al., 2022a). Despite these advances, the precise mechanisms governing ferroptosis remain incompletely understood, necessitating further exploration into its intricate regulatory network and therapeutic implications. Given the rapidly increasing interest in ferroptosis and its therapeutic potential in lung cancer, there is a pressing need to systematically evaluate the current state of research and identify emerging trends. Several reviews have synthesized research in this area from various perspectives (Wu et al., 2021; Zou et al., 2021; Xing et al., 2023; Zuo et al., 2022; Niu et al., 2022). However, to the best of our knowledge, no comprehensive bibliometric analysis has been conducted on ferroptosis research in lung cancer. Bibliometric methods, unlike traditional reviews, enable both qualitative and quantitative assessments of the contributions and collaborations of authors, institutions, and countries, providing insights into current research hotspots and future directions (Chen and Song, 2019; Zhang et al., 2021a).
Therefore, this paper employs bibliometric analysis to quantitatively evaluate the characteristics and trends of research in the field of ferroptosis in lung cancer from 2015 to 2024. Through this approach, we aim to identify research hotspots and emerging trends, offering guidance for future studies in this rapidly evolving field.
2 MATERIALS AND METHODS
2.1 Data sources and search strategy
The Web of Science Core Collection (WoSCC) database is widely utilized in bibliometrics. The data were extracted from the WoSCC database on 5 February 2024. The search terms included: [TS = (“lung cancer” OR “lung carcinoma” OR “non-small cell lung cancer” OR “small cell lung cancer”)] AND [TS = ferroptosis]. The subject headings and free words used in the search were: [TS = (“lung cancer,” “lung carcinoma,” “non-small cell lung cancer,” “small cell lung cancer,” “lung neoplasm,” “lung tumor,” “ferroptosis,” “iron death,” “oxidative stress”, “cell death,” “iron metabolism”)]. The search indices comprised Science Citation Index Expanded (SCI-Expanded), Social Sciences Citation Index (SSCI), Arts Humanities Citation Index (AHCI), Conference Proceedings Citation Index-Science (CPCI-S), Conference Proceedings Citation Index-Social Science & Humanities (CPCI-SSH), Book Citation Index Science (BKCI-S), Book Citation Index -Social Sciences Humanities (BKCI-SSH), and Emerging Sources Citation Index (ESCI). We restricted our search to English-language literature and limited the document types to reviews and articles. Search results were downloaded in “Full Record and Cited References” and “Plain Text” formats.
2.2 Literature quantity
From 1 January 2015, to 5 February 2024, our comprehensive search yielded a total of 623 relevant references. After excluding ineligible and duplicate articles, we retained 606 articles and reviews focusing on airway remodeling for analysis (Figure 1A).
[image: Figure 1]FIGURE 1 | Flow chart of data collection, trends in publications and international collaboration in the field of ferroptosis in lung cancer (A). Flow chart of data collection; (B) Bar chart illustrating the annual publication trends in the field of ferroptosis in lung cancer; (C) Pie chart depicting international collaboration in the field of ferroptosis in lung cancer; (D) Stacked area chart showing the annual publication volume of the top 5 countries in the field of ferroptosis in lung cancer.
2.3 Visualization and statistical analyses
Bibliometric analysis and visualization were performed using CiteSpace 6.2.R3, VOSviewer 1.6.20, R 4.3.0, bibliometric, and Microsoft Excel 2019. Initially, we implemented data cleaning procedures, consolidating synonymous terms, and removing irrelevant vocabulary. Subsequently, CiteSpace was employed to examine various facets, including the co-occurrence of institutions and authors, dual-map representations of journals, reference timelines, citation bursts, keyword timelines, and keyword bursts. The co-occurrence function of CiteSpace identifies thematic clusters by visualizing frequently co-occurring items, while dual-map overlays reveal influential papers and cross-disciplinary connections by mapping citation patterns across disciplines. Specific parameter settings are detailed in the top left corner of the resultant images. Node size indicates the frequency of co-occurrence, while links denote co-occurrence relationships, with node and line colors corresponding to different years. Nodes identified by purple circles signify a high betweenness centrality (≥0.10), serving as crucial bridges between distinct networks (Chen, 2004). VOSviewer, another bibliometric tool, excels in generating knowledge maps illustrating clusters, overlays, or density colors. It was utilized for the co-occurrence analysis of co-cited authors and co-cited journals. In density maps, word and circle sizes, as well as the opacity of yellow, demonstrate a positive correlation with co-citation frequency. Excel software facilitated the analysis of annual publication trends and national outputs. Furthermore, the Bibliometrix R package 4.3.0 was utilized to create Three-Fields Plots. Additionally, we employed the online bibliometric analysis platform (https://bibliometric.com) to investigate collaboration networks among countries and publication output.
3 RESULTS
3.1 Annual growth trend
Understanding the trend of development can be facilitated by statistically analyzing the number of publications each year. Following the predefined search strategy, a total of 623 relevant papers were retrieved from the WoSCC database, among which 606 eligible articles were ultimately included (Figure 1A; Supplementary Material 1). As depicted in Figure 1B, the number of articles related to ferroptosis in lung cancer has shown a steady increase over the past decade, rising from 1 article in 2015 to 211 articles in 2023, with further growth anticipated in 2024. From 2015 to 2020, there was a scarcity of relevant papers, but they exhibited a steady upward trend. However, post-2020, there has been a notable surge in the quantity of related publications. It is noteworthy that in 2023, the number of papers published reached 211, marking a 6.4-fold increase compared to 2020. This suggests significant advancements in the field or its related areas.
3.2 Distribution of countries/regions and institutions
A collective of 606 papers stemmed from 42 distinct countries/regions and involved 758 institutions. Table 1 furnishes comprehensive details regarding the leading countries/regions and institutions associated with necroptosis. The highest number of publications came from China (n = 503), followed by the United States (n = 62), Germany (n = 22), Japan (n = 22), and Italy (n = 12) (see Figures 1C,D, 2). However, China’s centrality index was 0.16, significantly lower than that of the United States (0.56), indicating that despite China contributing to over 80% of the publications, its research impact is much lower than that of the United States, which remains a leading contributor in this field. As illustrated in Figure 2, Central South University (n = 28, centrality = 0.28), Shanghai Jiao Tong University (n = 28, centrality = 0.28), Fudan University (n = 27, centrality = 0.02), Chinese Academy of Sciences (n = 23, centrality = 0.36), and Zhejiang University (n = 22, centrality = 0.18) emerged as the top five productive institutions, all from China. Except for Fudan University, these institutions also exhibited relatively high centrality, indicating their increasing significance in the research landscape. Additionally, analysis of inter-institutional connections revealed active collaborations, predominantly initiated after 2020, suggesting that the field of ferroptosis in lung cancer is relatively young, with potential for increased collaborative achievements among global institutions in the future.
TABLE 1 | Top 10 countries/regions and institutions related to ferroptosis in lung cancer.
[image: Table 1][image: Figure 2]FIGURE 2 | The co-occurrence map of institutions in the field of ferroptosis in lung cancer.
3.3 Authors and co-cited authors
Table 2 illustrates the top 10 prolific researchers who have contributed to the exploration of ferroptosis in lung cancer, encompassing a total of 4033 authors. Lifang Ma from Shanghai Chest Hospital emerged as the most prolific author, followed by Xiao Zhang from Shanghai Jiao Tong University and Shuang Liu from Central South University. Ma’s pivotal contributions to lung adenocarcinoma (LUAD) research include examining N6-methyladenosine (m6A) RNA methylation’s role in ferroptosis and antioxidant pathways. They identified YTHDC2 as a LUAD tumorigenesis inhibitor and discovered connections between YTHDC2, SLC7A11, and SLC3A2, offering potential treatment strategies (Ma et al., 2021a; Ma et al., 2021b). Additionally, they explored other regulators such as CREB and IGF2BP3 in controlling ferroptosis sensitivity (Wang et al., 2021a; Xu et al., 2022). The scholar also uncovered a new regulatory axis involving YAP, TFCP2, and FTL affecting LUAD ferroptosis sensitivity and demonstrated the potential of 2D vermiculite nanosheets for effective LUAD treatment (Wang et al., 2021b; Ma et al., 2022). Their work significantly advances our understanding of LUAD pathogenesis and therapeutic interventions. Zhang’s research reveals crucial insights into LUAD, including YTHDC2’s inhibitory role, the significance of targeting SLC3A2 for ferroptosis therapy, and CREB’s regulation of GPX4 transcription. Additional findings involve DKK1, IGF2BP3, YAP-mediated transcriptional repression, and RB1CC1-mediated ferroptosis sensitization (Ma et al., 2021a; Ma et al., 2021b; Wang et al., 2021a; Wu et al., 2022a; Xu et al., 2022; Wang et al., 2021b; Xue et al., 2022). Liu Shuang and colleagues investigated lncRNA-microRNA interactions, chromatin modifiers, and ferroptosis in lung cancer, as well as the oncogenic role of GINS4, the tumor-suppressive function of GPR162 in radiotherapy, the impact of AhR on NSCLC, and the targeting of USP8 in HCC treatment. Taken together, these findings offer significant insights and promising therapeutic targets (Wang et al., 2019a; Yang et al., 2019; Chen et al., 2023a; Long et al., 2023; Peng et al., 2023; Tang et al., 2023).
TABLE 2 | Top 10 authors and co-cited authors related to ferroptosis in lung cancer.
[image: Table 2]After a decade of development, scholars have gradually formed collaborative groups represented by six key researchers, including Lifang Ma, Liu Shuang, Zhan Cheng, Zhang Jing, Li Yan, and Chen Xiao (see Figure 3A). However, further analysis reveals a lack of effective communication and collaboration among these groups, which hinders disciplinary advancement. Strengthened cooperation among these groups is essential for future progress. In the domain of ferroptosis in lung cancer, a co-citation relationship arises when two or more authors are cited together in one or multiple papers. Out of 21,220 co-cited authors, 13 individuals have garnered over 100 co-citations each. Figure 3B presents a density plot that clearly illustrates high-frequency co-cited authors, with warmer colors indicating more citations. As shown in the table and figure, DIXON SJ, YANG WS, and STOCKWELL BR are the most frequently co-cited authors. DIXON SJ has significantly contributed to understanding ferroptosis regulation through lipid metabolism, emphasizing the role of lipid peroxidation and associated metabolic enzymes in this form of cell death (Pope and Dixon, 2023). YANG WS has provided comprehensive insights into the molecular ecosystem governing ferroptosis, including its heterogeneity and therapeutic potential across diseases (Dai et al., 2024). STOCKWELL BR, who coined the term “ferroptosis,” has extensively studied its mechanisms, physiological roles, and applications, laying the groundwork for therapeutic strategies targeting ferroptosis (Stockwell, 2022).
[image: Figure 3]FIGURE 3 | The co-occurrence authors’ (A) and co-cited authors’ (B) map of ferroptosis in lung cancer.
3.4 Journals and co-cited academic journals
Academic journals play a critical role in disseminating scientific research findings, with a total of 262 academic journals publishing articles on ferroptosis in lung cancer. The top 5 journals collectively published 90 articles, constituting 14.9% of the total publications (refer to Table 3). Among these top 5 journals, three are categorized as JCR Q1 journals, predominantly focusing on cell biology and cell death research. Regarding publication volume, the most influential journal in this domain is “Frontiers in Pharmacology,” followed by “Frontiers in Oncology” and “Frontiers in Genetics.” As depicted in Figure 4A and detailed in Table 3, among the 2854 co-cited sources, 12 journals have accrued over 500 citations each, with “Nature” (n = 1,523), “Cell” (n = 1,331), and “Cancer Research” (n = 799) being the most frequently cited. Figure 4B illustrates the thematic distribution of journal relationships via a dual-map overlay. On the map, the left side represents the citing journals, while the right side indicates the cited journals. This visual representation elucidates a prominent citation pathway from Molecular/Biology/Immunology journals to Molecular/Biology/Genetic journals (z = 5.767, f = 12,052).
TABLE 3 | Top 5 journals and co-cited journals related to ferroptosis in lung cancer.
[image: Table 3][image: Figure 4]FIGURE 4 | The density map of journals (A) and the dual-map overlay of journals (B) in the field of ferroptosis in lung cancer.
3.5 Co-cited references and reference burst
Cited documents represent a repository of knowledge within a specific field, being cited by one or more publications simultaneously (Wang et al., 2022a). The analysis identifies 16 documents cited more than 50 times, including three research articles and seven review papers among the top 10, as shown in Table 4. The most cited document, published in Cell in 2017 by Brent R. Stockwell, reviews the iron-dependent regulated cell death process known as ferroptosis. The study explores ferroptosis’s role in various biological contexts, its association with diverse biological processes, and its links to a wide array of human diseases and heat stress in plants. Additionally, it discusses ferroptosis’s potential as a cancer therapy and provides guidelines and tools for further study (Stockwell et al., 2017). The second-ranked paper, authored by Weimin Wang et al. and published in Nature in 2019, investigates the function of CD8+ T cells and interferon gamma (IFNγ) in enhancing ferroptosis in tumor cells, thereby amplifying the effectiveness of cancer immunotherapy (Wang et al., 2019b). The paper demonstrates that IFNγ obstructs cystine uptake in tumor cells, triggering lipid peroxidation and subsequent ferroptosis. Augmenting this process through cystine deprivation and checkpoint blockade can enhance T-cell mediated anti-tumor immunity. Thus, promoting tumor ferroptosis could serve as a potential therapeutic strategy against tumor proliferation. These findings represent a significant contribution to the ongoing scientific discourse surrounding the intricate mechanisms driving ferroptotic processes in lung cancer. This iterative revelation will serve as a substantial stepping stone in the broader pursuit of curative and preventive measures against this lethal disease.
TABLE 4 | Top 10 co-cited references related to ferroptosis in lung cancer.
[image: Table 4]The reference timeline view visualizes evolving research hotspots over time, with each cluster’s most frequent item marked as the cluster label. As depicted in Figure 5, clusters #7 (tea polyphenol/cell death), #9 (erastin/ferroptosis), #11 (cancer stem cells/cisplatin), #12 (tumor metabolism/drug resistance), and #16 (carcinogenesis/carcinogenesis) emerged earlier, while clusters 0 (non-small cell lung cancer/lung adenocarcinoma), 2 (immunotherapy/lung cancer), 3 (TGF-beta/lipid peroxidation), and 10 (pyroptosis/single cell landscape) are still ongoing and considered frontiers. Citation bursts refer to documents experiencing significantly higher citation rates within specific periods. Figure 6 displays the top 30 references exhibiting the strongest citation bursts. Based on the current understanding, future research on lung cancer ferroptosis should focus on understanding the oxidative stress-antioxidant defense mechanism relationship, identifying specific ferroptosis regulators, exploring ferroptosis’s complementarity with existing treatments, and developing new therapies to address therapy-resistant tumors. Due to visualization limitations in CiteSpace, not all information is displayed in the figures. Therefore, Supplementary Material 2 provides more detailed data.
[image: Figure 5]FIGURE 5 | Timeline view of co-cited references related to ferroptosis in lung cancer.
[image: Figure 6]FIGURE 6 | Top 30 references with the strongest citation bursts involved in ferroptosis in lung cancer.
3.6 Keyword analysis of trending research topic
Keyword co-occurrence analysis offers valuable insights into research hotspots and directions within a specific field. A total of 2,366 keywords were extracted, with 69 keywords appearing 10 times or more, and 12 keywords appearing more than 50 times. As depicted in Table 5, “lung cancer” is the most common keyword (n = 149), followed by “cancer” (n = 122) and “cell death” (n = 112). Table 6 highlights the top 10 keywords related to ferroptosis, encompassing molecular and pathological processes. Notably, “apoptosis” (n = 67), “oxidative stress” (n = 58), “lipid peroxidation” (n = 37), “tumor microenvironments” (n = 24), “autophagy” (n = 24), “drug resistance” (n = 19), “nanoparticles” (n = 19), “glutathione” (n = 15), “nrf2” (n = 12), and “gpx4” (n = 13) represent the most studied molecules or pathological processes. Among these, “lipid peroxidation” serves as a hallmark of ferroptosis, closely linked to oxidative stress and cell death mechanisms. Recent studies emphasize its critical role in lung cancer progression through the amplification of oxidative damage in tumor cells (Jelic et al., 2021). Similarly, “tumor microenvironment” highlights the role of ferroptosis in modulating immune responses and therapeutic resistance within cancerous tissues, as supported by emerging evidence on its influence on stromal interactions and immune infiltration (Wang et al., 2022b), (Jiao et al., 2024). Additionally, “autophagy” reflects its dual regulatory role in ferroptosis initiation and progression, offering potential therapeutic targets. Figure 7A illustrates a keyword co-occurrence network in the field of ferroptosis in lung cancer, where colors denote the average publication year, node size reflects the frequency of keyword usage, and distances between nodes signify the strength of relationships. Figure 7B presents a timeline view showing the evolution of each cluster over time. The largest cluster, #0 (traditional Chinese medicine/lung cancer), is followed by #1 (ER stress/lipid peroxidation) and #2 (immune status/glutathione). Keyword bursts signify keywords that are frequently cited within a certain period. As demonstrated in Figure 8, “gene expression” has the strongest burst intensity (intensity = 3.27), followed by “immune infiltration” (intensity = 2.98) and “overall survival” (intensity = 2.96). It is noteworthy that as of 2024, keywords such as “immune infiltration,” “system,” and “delivery” continue to experience bursts, offering insights for scholars to anticipate future research directions. Figure 9 further elucidates the associations between authors, affiliations, and keywords in the research field of ferroptosis in lung cancer.
TABLE 5 | Top 20 keywords related to ferroptosis in lung cancer.
[image: Table 5]TABLE 6 | Top 10 molecules or pathological process related to ferroptosis in lung cancer.
[image: Table 6][image: Figure 7]FIGURE 7 | The co-occurrence network (A) and timeline view (B) of keywords related to ferroptosis in lung cancer.
[image: Figure 8]FIGURE 8 | Top 35 keywords with the strongest citation bursts involved in ferroptosis in lung cancer.
[image: Figure 9]FIGURE 9 | Three-field plot analysis related to ferroptosis in lung cancer. (left field: authors; middle field: affiliations; right field: keywords).
4 DISCUSSION
4.1 General information and knowledge base
This study’s bibliometric analysis provides significant insights into the trends, key contributors, and research focal points concerning ferroptosis in lung cancer. Notably, there has been a consistent rise in publications over the past decade, with a notable spike observed in 2020. This surge can be attributed to several significant advancements: (1) In 2019, Sebastian Doll’s team discovered a novel mechanism involving FSP1-CoQ10-NAD(P)H, providing a new drug development target to inhibit ferroptosis in susceptible cancer cells (Doll et al., 2019). (2) In the same year, researchers from the Air Force Medical University of China and the Memorial Sloan Kettering Cancer Center in the United States found that cadherin mediates cell-cell interactions regulating ferroptosis (Wu et al., 2019). (3) Researchers from the University of Michigan and Cayman Chemical Company discovered that T cell-promoted tumor ferroptosis is an anti-tumor mechanism, proposing a potential therapeutic approach (Wang et al., 2019b). These findings have sparked enthusiasm among scientists, significantly advancing the development of ferroptosis in lung cancer. In examining countries/regions, both the volume of publications and betweenness centrality serve as pivotal indicators. China leads in publication quantity, indicating significant investment in cancer research, including ferroptosis. Nevertheless, despite China’s substantial publication count, its centrality falls below that of the United States. This discrepancy may stem from the United States’ extensive international collaborations and the broader global impact of its research in ferroptosis, which reinforce its dominant position in this field.
Prominent contributors in this field include Mali Fang, Xiao Zhang, and Shuang Liu, focusing on understanding ferroptosis’s molecular mechanisms and therapeutic implications in lung cancer. While research clusters have formed among these key researchers, enhancing communication and collaboration is essential for interdisciplinary progress. Scott J. Dixon, a leading scholar, has made significant contributions by elucidating ferroptosis mechanisms and developing molecular targeting tools (Dixon et al., 2012; Galluzzi et al., 2018; Pope and Dixon, 2023; Cao and Dixon, 2016; Dixon and Olzmann, 2024; Hendricks et al., 2023).
Journal and co-cited journal analysis reveal the dissemination and impact of research achievements. “Frontiers in Pharmacology” and “Frontiers in Oncology” play crucial roles in disseminating studies on lung cancer ferroptosis, while “Nature” and “Cell” are frequently cited, focusing on molecular biology, immunology, and genetics, consistent with the dual-map analysis.
Figure 6 illustrates the top 30 references with the strongest citation bursts, comprising six papers currently undergoing bursts. These findings provide valuable insights for anticipating future research directions. Future research should delve into the complex relationship between oxidative stress, antioxidant defense mechanisms, and their connection to lung cancer, potentially unveiling new treatment options (Chen et al., 2021; (Jiang et al., 2021). Investigating ferroptosis’s molecular mechanisms and physiological functions may lead to breakthroughs, and targeting specific regulators within metabolic frameworks holds promise for novel therapies (Stockwell, 2022).
Other mechanisms in lung cancer, such as immunity or immunotherapy, should also be explored. For example, a recent study demonstrated that rescheduling anti-VEGF/cytotoxics/anti-PD-1 combinations could effectively overcome immuno-resistance in lung cancer models (Sicard et al., 2024). Additionally, the diagnostic and prognostic aspects of lung cancer require attention. The genomic instability-derived predictive prognostic signature provides a reliable tool for predicting outcomes in non-small cell lung cancer patients (Li et al., 2023a). Exosome signaling represents another promising area; for instance, the RNA profile of immuno-magnetically enriched lung cancer-associated exosomes has highlighted disease-specific transcriptomes as potential biomarkers (Singh et al., 2023).
Integrating ferroptosis-inducing strategies with current treatments could revolutionize lung cancer management and improve patient outcomes (Lei et al., 2022; Thai et al., 2021). In conclusion, future research should deepen our understanding of ferroptosis, develop targeted therapies, and integrate new approaches with existing treatments to address therapy-resistant lung cancer effectively (Sung et al., 2021).
4.2 Future directions and research hotspots
Research hotspots and future research directions are widely discussed scientific topics, which are also among the questions this study seeks to address. Based on analyses from various perspectives such as authors, journals, literature, and keywords, we summarize the following potential research hotspots and future research directions:
4.2.1 Mechanism of occurrence
Lung cancer tissues commonly exhibit higher levels of reactive oxygen species and lipid oxidation markers. Enhancing the synthesis of glutathione (GSH) or boosting the activity of the Xc- system or GPX4 can protect cells from various oxidative stresses, particularly cell death induced by thiol deficiency. These early studies underscore the close relationship between lung cancer and ferroptosis. Building on advancements in research over the past decade, we propose several potential research directions for elucidating the mechanisms of ferroptosis in lung cancer:
① Endoplasmic Reticulum (ER) Stress: Currently, extensive research focuses on the association between ferroptosis and oxidative stress in lung cancer (Panda et al., 2023). However, studies investigating the relationship between ferroptosis and endoplasmic reticulum (ER) stress in lung cancer remain relatively limited. ER stress is a protective mechanism cells employ to cope with external pressures; however, sustained or severe stress can lead to cell death (Borok et al., 2020). Recent studies have shed light on the intricate relationship between ferroptosis and ER stress in the context of lung cancer. Fu et al. developed inhalable biomineralized liposomes containing both dihydroartemisinin (DHA) and pH-responsive calcium phosphate (CaP) to trigger ferroptosis in lung cancer cells. The degradation of CaP shell triggered a Ca2+ burst-mediated intense ER stress, enhancing ROS accumulation and reinforcing ferroptosis. This Ca2+ burst-centered ER stress mechanism highlights the interplay between ferroptosis and ER stress pathways in lung cancer therapy (Fu et al., 2023). Similarly, Han et al. demonstrated that DHA treatment induced ferroptosis in lung cancer cells, concomitant with the stimulation of ER stress and DNA damage. Ferroptosis inhibitors attenuated ER stress and DNA damage induced by DHA, underscoring the crosstalk between ferroptosis and ER stress pathways in lung cancer immunogenicity (Han et al., 2023). Additionally, Li et al. found that melittin-induced ferroptosis in A549 lung cancer cells was accompanied by ER stress-mediated CHOP-dependent apoptosis (Li et al., 2022). These findings collectively emphasize the significance of the interplay between ferroptosis and ER stress pathways in regulating cell death mechanisms in lung cancer. Understanding the molecular intricacies of this relationship may offer new insights into developing targeted therapeutic interventions for lung cancer treatment.
② Tumor Microenvironment (TME): The tumor microenvironment (TME) plays a crucial role in various stages of cancer development. Most inflammatory cells and pro-inflammatory factors in the TME can promote tumor initiation and progression by inhibiting the ferroptosis pathway in tumor cells (Xian et al., 2020). Cancer-associated fibroblasts (CAFs), as the most important stromal cells in the TME, are involved in all stages of tumor development (Denton et al., 2018; Zhang et al., 2020). Additionally, angiogenesis is essential for the rapid growth of malignant tumors. Hypoxia, under specific circumstances, stimulates angiogenesis, a process regulated by the hypoxia-inducible factor (HIF) transcription factor family (Lugano et al., 2020). Studies have reported that the instability of HIF-1α in non-small cell lung cancer cells diminishes their vulnerability to ferroptosis (Jiang et al., 2017). Based on this evidence, we believe that the relationship between the tumor microenvironment (TME) and ferroptosis is key to shaping tumor behavior and therapeutic responses. In lung cancer, recent investigations have revealed distinct molecular subtypes influenced by ferroptosis-related genes, alongside varied TME cell infiltration patterns. Zhang et al. identified three lung cancer subtypes mediated by ferroptosis, exhibiting diverse prognoses and immune characteristics. Notably, low ferroptosis scores correlated with immune activation and favorable outcomes, whereas high scores associated with immunosuppression and poorer prognoses (Zhan et al., 2021b). These findings resonate with Mao’s study on non-small cell lung cancer (NSCLC), where targeting cholesterol synthesis with statin induced ferroptosis and transformed the TME from immuno-cold to inflamed, enhancing the response to immune checkpoint blockade (ICB) therapy (Mao et al., 2022). Additionally, Hsieh’s novel NRF2 nano-modulator triggered ferroptosis in lung cancer cells, simultaneously fostering an immunostimulatory tumor microenvironment (TME). This underscores the potential of combined approaches to synergistically induce cancer cell demise and reshape the TME towards anti-tumor immune responses (Hsieh et al., 2021). However, research on the tumor microenvironment remains limited, and the related mechanisms have not been fully elucidated. Clinical applications are still distant. Therefore, future research directions may involve elucidating the intricate interplay between ferroptosis, TME modulation, and therapeutic responses, aiming to optimize treatment strategies and improve outcomes for patients with lung cancer. Additionally, exploring the broader applicability of ferroptosis modulation in various cancer types and assessing combinatorial approaches with immunotherapies could pave the way for more effective and personalized anticancer interventions.
③ Autophagy: Autophagy emerges as a critical regulator of ferroptosis in lung cancer, offering novel insights into therapeutic strategies (Gao et al., 2022). Bhatt et al. uncovered that in LKB1-deficient KRAS-driven NSCLC, autophagy upregulation promotes resistance to MEK inhibition by inhibiting ferroptosis, highlighting the potential of autophagy inhibition combined with MEK inhibition as a therapeutic avenue (Bhatt et al., 2023). Tang et al.'s study further elucidates this connection, demonstrating that curcumin induces ferroptosis in NSCLC through activating autophagy, thereby enhancing its anti-tumor effects (Tang et al., 2021). These discoveries highlight the complex interconnection between autophagy and ferroptosis concerning the advancement of lung cancer and the response to treatment. Future research may target new therapies to exploit the autophagy and ferroptosis relationship, enhancing treatment outcomes and understanding resistance mechanisms (Xia et al., 2019).
4.2.2 Cancer treatment
Ferroptosis, identified as a regulated cell demise process dependent on iron-induced lipid peroxidation, has surfaced as a hopeful avenue in the treatment of lung cancer. Combined with the current literature, we have identified some ferroptosis targets that may guide future research directions (Song and Long, 2020).
① GPX4: Among the most classic targets of ferroptosis, GPX4 has a negative effect on ferroptosis in various cancer cells. In studies focusing on lung cancer, directing efforts towards GPX4 has demonstrated the capability to trigger ferroptosis in lung adenocarcinoma cells. This intervention effectively overcomes their resistance to epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs), highlighting the potential of GPX4 as a viable target against EGFR-TKIs resistance in LUAD (Zhang et al., 2022b). Furthermore, focusing on GPX4 has been shown to enhance lapatinib-induced ferroptosis in drug-resistant non-small cell lung cancer cells (Ni et al., 2021). Moreover, GPX4 holds clinical significance in reducing lung cancer radiotherapy resistance (Pan et al., 2019; Liu et al., 2023b). Recent reviews emphasize the role of GPX4 as a critical modulator of ferroptosis and its potential in overcoming drug resistance in cancer treatments (Lou et al., 2021).
② SLC7A11: Elevated in multiple human cancers, SLC7A11 facilitates tumor survival (Koppula et al., 2021; Chen et al., 2023b). Wu et al. conducted RNAseq and miRNAseq data analysis from The Cancer Genome Atlas (TCGA) and found significant dysregulation of lncRNA, miRNA, and mRNA in lung adenocarcinoma. They further constructed a lung adenocarcinoma-specific ceRNA network, identifying key interactions influencing tumor-related molecular functions and pathways. SLC7A11 was discovered among the 16 mRNAs associated with overall survival in lung adenocarcinoma patients (Wu et al., 2020). Further mechanistic exploration revealed that lung cancer stem-like cells (CSLCs) resist ferroptosis by upregulating the cystine transporter SLC7A11, activated by the stem cell transcription factor SOX2. Mutation of the SOX2 binding site in the SLC7A11 promoter enhances cancer cell sensitivity to ferroptosis, proposing SLC7A11 as a potential therapeutic target for lung cancer treatment (Wang et al., 2021c). Recent literature highlights the importance of SLC7A11 in modulating ferroptosis resistance in cancer and its emerging potential as a target for combination therapies (Li et al., 2023b).
③ P53: The cell signaling pathway mediated by P53, acting as a tumor suppressor, significantly regulates normal cellular activities. p53 mediates the downregulation of H2Bub1 levels by facilitating the nuclear translocation of the deubiquitinase USP7. Consequently, this reduces H2Bub1 occupancy on the SLC7A11 gene regulatory region, leading to the repression of SLC7A11 expression during ferroptosis induction. These discoveries highlight a novel aspect of p53 in chromatin regulation and establish a connection between p53 and ferroptosis through an H2Bub1-mediated epigenetic pathway (Wang et al., 2019c). Furthermore, due to the challenge of drug resistance, the clinical application of ferroptosis-inducing agents faces obstacles. Emerging nanoplatform-based strategies offer a potential solution. Specifically, a metallo-organic supramolecular construct (Nano-PMI@CeO2) is designed to restore P53 function and sensitize ferroptosis synergistically. Within this configuration, CeO2 nanoparticles serve as the core, inducing radical generation, while encapsulated within the shell is a p53-activator peptide (PMI) bonded to a gold precursor polymer. Nano-PMI@CeO2 effectively reactivates the P53 pathway, downregulating GPX4 expression, and inhibiting tumor progression in lung cancer models while ensuring biosafety. This approach presents a dual therapeutic strategy for inducing ferroptosis and activating P53, demonstrating potential in sensitizing ferroptosis through P53 activation (Wang et al., 2022c). Recent reviews have suggested that combining p53 reactivation with ferroptosis induction could offer promising therapeutic outcomes, particularly in overcoming drug resistance (Hassannia et al., 2019).
④ FSP1: Expression of FSP1 is positively correlated with lung cancer cell resistance to ferroptosis (Bersuker et al., 2019). A recent investigation unveiled the CoQ-FSP1 axis as a pivotal mechanism driving both ferroptosis and resistance to radiation therapy in lung cancers lacking KEAP1 activity. FSP1, regulated by NRF2, mediates this resistance mechanism. Blocking the CoQ-FSP1 axis renders KEAP1-mutant lung cancer cells more vulnerable to radiation therapy by triggering ferroptosis, indicating FSP1 as a promising therapeutic target for combating treatment resistance in these malignancies (Koppula et al., 2022).
Recent studies underscore the importance of ferroptosis modulation in overcoming treatment resistance in lung cancer, particularly when integrated with existing therapies. For example, ferroptosis induction has been shown to enhance the efficacy of chemotherapy, radiotherapy, and targeted therapies by sensitizing resistant cancer cells (Zhang et al., 2022b; Ni et al., 2021, (Pan et al., 2019). Targets such as Nrf2 (Lou et al., 2021; Takahashi et al., 2020; Wang et al., 2023), LSH (Ho and Crabtree, 2010; Mao et al., 2018; Jiang et al., 2017; Wang et al., 2019a), STYK1/NOK (Ma et al., 2019; Lai et al., 2019), and ACSL4 (Doll et al., 2017; Kuwata and Hara, 2019; Hou et al., 2022) also hold significant promise in the field of ferroptosis in lung cancer.
4.2.3 Traditional Chinese medicine
Traditional Chinese medicine (TCM) boasts a rich history and is widely utilized in cancer treatment. Diverging from modern medicine, TCM adopts a holistic approach, treating patients as integrated systems, and employs herbal formulations to tackle multifaceted diseases like cancer (Wu et al., 2022b; Wen et al., 2023). Recent studies have uncovered the potential therapeutic effects of certain TCM formulations on lung cancer by promoting ferroptosis. For instance, Hedyotis diffusa injection (HDI) has been found to induce ferroptosis in lung adenocarcinoma cells by increasing ROS release through the Bax/Bcl2/VDAC2/3 axis, independently of GPX4 and the PUFA-PLS pathway (Huang et al., 2022).
However, traditional Chinese herbal medicine typically comprises a complex mixture of multiple active ingredients, rendering its pharmacological effects and mechanisms intricate and diverse, challenging to elucidate and verify. Furthermore, compared to single-molecule drugs, the composition and production process of Chinese herbal medicine are influenced by various factors such as geography, season, and growing conditions, resulting in batch variations and a lack of standardized quality and production processes (Tu, 2016; Wang et al., 2018). Acknowledging these constraints, China has actively advocated for the modernization of TCM in recent years. Research on effective monomeric components of TCM stands as a pivotal scientific issue in TCM development and application, serving as a vital source for novel drug development. Leveraging computer-assisted techniques and modern analytical methods to explore the molecular targets and efficacy mechanisms of TCM monomers will furnish critical scientific foundations for comprehending the scientific essence of TCM and its global integration (Zhang et al., 2023).
Luteolin, a natural flavonoid extracted from various fruits, vegetables, and medicinal herbs, showcases significant anti-tumor, anti-inflammatory, anti-bacterial, and neuroprotective properties. Zheng et al. discovered that luteolin and erastin synergistically induce ferroptosis in colon cancer cells by downregulating GPX4 via HIC1. This combination diminishes cell viability, heightens lipid peroxides, and reduces glutathione levels in vitro. In vivo experiments demonstrate its ability to curb xenograft growth, hinting at a promising therapeutic avenue for colon cancer treatment (Zheng et al., 2023). Nonetheless, research on the effects of TCM monomers on ferroptosis in lung cancer remains scarce, representing a relatively unexplored research domain. Furthermore, the mechanisms of TCM in ferroptosis require further nuanced exploration, especially considering the emerging interest in integrating TCM with conventional treatments. For example, Liu et al. suggested that traditional toxin medicines, commonly used in TCM, may exert anti-cancer effects through ion channel regulation (Hengrui, 2022). This perspective highlights the importance of identifying effective components and pharmacological targets to enhance TCM’s clinical application. Similarly, a follow-up commentary emphasized this by providing specific examples of TCM toxin medicines in cancer treatment (Hengrui, 2022). How to integrate TCM with ferroptosis in lung cancer and surmount the deficiencies in lung cancer treatment poses a question that demands the attention of many TCM formulation researchers.
In addition to the previously discussed research directions, further exploration into the identification of biomarkers capable of predicting lung cancer patients’ responses to ferroptosis-induced therapy is crucial. These biomarkers could be instrumental in determining, prior to treatment, which patients are most likely to benefit from ferroptosis-based therapies, thus ensuring a more personalized and effective approach (Conche et al., 2023; Chen et al., 2023c). Personalized treatment strategies, driven by biomarkers, would not only minimize unnecessary treatments but also maximize therapeutic outcomes by selecting the most suitable therapies for each individual. Moreover, another promising area of research lies in the development of innovative drug delivery systems, such as aerosol drug delivery (Chandel et al., 2019; Reychler and Michotte, 2019). This approach could significantly improve the targeting and accumulation of ferroptosis-inducing agents directly within lung tumor lesions, enhancing their therapeutic efficacy. The ability to concentrate therapeutic agents more precisely in tumor areas while minimizing systemic side effects could greatly optimize the potential of ferroptosis-based treatments in lung cancer. Together, these avenues—biomarker identification and advanced drug delivery systems—represent significant frontiers that could shape the future of lung cancer therapy, ensuring more precise, efficient, and patient-tailored interventions.
4.3 Limitations
While bibliometric analysis yields valuable insights, it is not without its limitations. Relying solely on specific publication databases, such as Web of Science or Scopus, can introduce selection bias due to the varying coverage and indexing criteria of these databases. Additionally, the exclusion of non-English publications limits the global representation of research findings, particularly from regions where non-English works predominate. Moreover, interpreting bibliometric data necessitates careful consideration of environmental factors and qualitative insights. Nevertheless, despite these limitations, we can reasonably infer that our study provides a broad overview of the landscape and emerging trends in this field.
5 CONCLUSION
In summary, this analysis highlights key trends, major contributors, and emerging research frontiers in the field of ferroptosis in lung cancer. Over the past decade, the United States has maintained a leading role in advancing ferroptosis research in this context, with Scott J. Dixon emerging as the most influential author in the field. Current research efforts are primarily focused on understanding the mechanisms that drive the initiation of ferroptosis in lung cancer and exploring potential therapeutic strategies to target this pathway. Additionally, while traditional Chinese medicine shows promise in inducing ferroptosis in lung cancer cells, further studies are needed to clarify its underlying mechanisms and address challenges related to its complex composition and production processes.
Despite the promising theoretical advancements, translating bibliometric findings into practical cancer therapies remains challenging. The complexity of ferroptosis regulation, variability in patient responses, and difficulties in developing targeted therapies complicate the translation of research into clinical practice. These obstacles highlight a significant gap between scientific discoveries and their application in the clinic, underscoring the urgent need for more translational research.
To bridge this gap, further research is required to identify biomarkers capable of predicting lung cancer patients’ responses to ferroptosis-based therapies. Such biomarkers would be instrumental in selecting patients who are most likely to benefit from ferroptosis-induced treatments, as individual responses to therapy can vary considerably. Biomarker detection could facilitate the determination of the most effective therapeutic strategy for each patient, reducing unnecessary treatments and enhancing overall efficacy. This personalized approach would ensure that patients receive interventions tailored to their unique molecular profiles, optimizing therapeutic outcomes. Identifying reliable biomarkers for ferroptosis susceptibility is therefore critical for advancing clinical applications and improving lung cancer treatment.
Overall, this study provides a comprehensive review of the current state of ferroptosis research in lung cancer, offering valuable insights into its potential for future therapeutic strategies.
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