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Introduction: An increasing number of immune-related adverse events (irAEs) induced by immune checkpoint inhibitors (ICIs) have been reported during clinical treatment. We aimed to explore the clinical characteristics of patients with ICIs-induced ITP under different therapeutic strategies based on the FAERS database and explore the potential biological mechanisms in combination with TCGA pan-cancer data.
Methods: Data from FAERS were collected for ICIs adverse reactions between January 2012 and December 2022. Disproportionality analysis identified ICIs-induced ITP in the FAERS database using the reporting odds ratio (ROR), proportional reporting ratio (PRP), Bayesian confidence propagation neural network (BCPNN), and multi-item gamma Poisson shrinker algorithms (MGPS). The potential biological mechanisms underlying ITP induced by ICIs were examined using TCGA transcriptome data on cancers.
Results: In the FAERS, 345 ICIs-induced ITP reports were retrieved, wherein 290 (84.06%) and 55 (15.94%) were reported as monotherapy and combination therapy, respectively. The median age of the reported patients with ICIs-induced ITP was 69 years (IQR 60-76), of which 62 (18%) died and 47 (13.6%) had a life-threatening outcome. The majority of reported indications were lung, skin, and bladder cancers, and the median time to ITP after dosing was 42 days (IQR 17-135), with 64 patients (43.5%) experiencing ITP within 30 days of dosing and 88 patients experiencing ITP in less than 2 months (59.9%). The occurrence of ICIs-induced ITP may be associated with ICIs-induced dysregulation of the mTORC1 signaling pathway and megakaryocyte dysfunction.
Conclusion: There were significant reporting signals for ITP with nivolumab, pembrolizumab, cemiplimab, atezolizumab, avelumab, durvalumab, ipilimumab, nivolumab/ipilimumab, and pembrolizumab/ipilimumab. Patients treated with anti-PD-1 in combination with anti-CTLA-4 are more likely to have an increased risk of ICIs-induced ITP. Patients with melanoma are at a higher risk of developing ITP when treated with ICI and should be closely monitored for this risk within 60 days of treatment. The potential biological mechanism of ICIs-induced ITP may be related to the dysfunction of megakaryocyte autophagy through the overactivation of the mTOR-related signaling pathway. This study provides a comprehensive understanding of ICIs-induced ITP. Clinicians should pay attention to this potentially fatal adverse reaction.
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1 INTRODUCTION
Globally, tumors continue to be a significant contributor to human mortality. Over the past decade, the discovery of immune checkpoint inhibitors (ICIs) has revolutionized the treatment of patients with tumors. ICIs, including programmed cell death protein-1 (PD-1), programmed death-ligand 1 (PD-L1), and cytotoxic T cell-associated protein-4 (CTLA-4), kill tumor cells by activating the immune system (Marei et al., 2023). Currently, ICIs are approved for treating a broad spectrum of malignancies. Although they can largely improve the prognosis of patients with tumors, they can also lead to serious adverse events, known as immune-related adverse events (irAEs), which indicate that the patient’s autoimmune system is overactivated and can involve most organs, including the skin, gastrointestinal tract, heart, kidneys, and liver. These irAEs are the main reasons for treatment discontinuation, and even relatively mild irAEs can greatly deteriorate the quality of life of patients, whereas severe irAEs can lead to death (Ramos-Casals et al., 2020).
With the extensive use of ICIs in oncology therapy, rare irAEs have emerged, including hematological immune-related adverse events (hem-irAEs). Hem-irAEs primarily include aplastic anemia, immune thrombocytopenia (ITP), and autoimmune hemolytic anemia. Although ICIs-induced ITP is relatively rare, it can be life-threatening in severe cases (Li et al., 2019). ITP is an autoimmune disease characterized by T-cell dysregulation, which is characterized by the production of autoantibodies against platelet antigens. Immune cells mistakenly attack platelets, resulting in frequent bruising and unstoppable bleeding. Once ITP occurs, it requires temporary termination with antitumor therapy if the condition grade is ≥3, and it may even be life-threatening in severe cases; therefore, clinicians should be vigilant and monitor for indicators of this potentially serious irAEs (Kroll et al., 2022). However, ICIs-induced ITP has not been extensively studied, and little is known about its onset, indications, clinical features, and biological mechanisms. Therefore, in this study, we retrieved ICIs-induced ITP data based on all irAEs between 2012 and 2022 from the U.S. Food and Drug Administration (FDA) Adverse Event Reporting System (FAERS) database, performed disproportionality analysis, and explored the potential biological mechanisms associated with ICIs-induced ITP in combination with The Cancer Genome Atlas (TCGA) data.
2 METHODS
2.1 Data source
The pharmacovigilance data used in this study were obtained from the FAERS database, which monitors adverse events in medicines and therapeutic procedures by collecting adverse drug reaction reports submitted by healthcare professionals and consumers. Healthcare professionals in the FAERS database include physicians, pharmacists, and other healthcare professional. These reports cover a broad spectrum of adverse reactions during drug therapy, ranging from minor discomfort to serious adverse reactions, and contain data on clinical characteristics such as patient demographics, indications, and survival outcomes. We obtained all adverse reaction reports from the FAERS database from January 2012 to December 2022 for subsequent analyses. Adverse events for subsequent analyses were based on the preferred terms in the Medical Dictionary for Regulatory Activities (MedDRA) (version 25.0). The preferred term “immune thrombocytopenia” was used to identify ICIs-induced ITP cases. In addition, the transcriptomic data used for pan-cancer association analysis in this study were obtained from TCGA, which is a project co-sponsored by the National Institutes of Health and National Cancer Institute that contains multi-omics data on dozens of cancers, including breast, colorectal, and lung cancers, and aims to systematically study the genomes of human cancers to reveal the complex mechanisms of cancer development (Cancer Genome Atlas Research Network et al., 2013).
2.2 Data processing procedure
We screened the data collected from the FAERS database (Figure 1). The drugs used were anti-PD-1 (nivolumab, pembrolizumab, and cemiplimab), anti-PD-L1 (atezolizumab, avelumab, and durvalumab), and anti-CTLA-4 (ipilimumab and tremelimumab). Duplicate reports were excluded based on the PRIMARYID, CASEID, and FDA DT fields. We retained only cases and adverse reaction reports of patients aged over 18 years, and only anti-PD-1/L1 + anti-CTLA-4 was considered as a combination therapy strategy. To eliminate bias introduced by different reporters, we corrected for indications and medications taken as indicated in the acquired reports. Case reports of ICIs-induced ITP adverse reactions (N = 345) were retrieved for further analysis.
[image: Figure 1]FIGURE 1 | Data filtering process of FAERS performed in this study.
2.3 Signal mining
Disproportionality analysis was performed on the retrieved case reports by applying four different signal detection algorithms to detect associations between ICI treatment strategies and ITP events. The aforementioned four algorithm formulas and threshold criteria are listed in Table 1 (Guo et al., 2023). In this study, all four threshold criteria had to be met to produce a positive signal for an ITP adverse event. When performing a joint analysis with the TCGA data, we calculated only the ROR (Zhou et al., 2023). In addition, we performed descriptive analyses of the case reports for different ICI treatment strategies, including sex, age, time to onset, country and type of person reporting, year of FDA receipt of the report, outcome events, and indications for treatment. Patient outcomes included death, life-threatening events, hospitalization, and disability. The time to onset was calculated as the time to treatment initiation minus the time to adverse events.
TABLE 1 | Summary of algorithms used for signal detection.
[image: Table 1]2.4 Pan-cancer analysis in combination with TCGA
We downloaded transcriptome data in FPKM format from TCGA database for 28 tumor classes and subsequently converted them to the TPM format. The Kyoto Encyclopedia of Genes and Genomes (KEGG) and Reactome pathway gene sets were obtained from the MsigDB database, and all tumor transcriptome data were analyzed by single-sample gene set enrichment analysis (ssGSEA) using the gsva package in R. Thus, the enrichment scores of different tumor types in different signaling pathways were calculated (Subramanian et al., 2005). In R, the xCell package was used to calculate the enrichment scores for 64 immune and stromal cells from various types of tumors (Aran et al., 2017). To identify the biological mechanisms underlying ICIs-induced ITP, we will analyze the association between the ICIs-induced ITP ROR and the enrichment score of biological pathways and stromal cells at the pan-cancer level.
2.5 Statistical analysis
Chi-square tests were used to determine whether categorical variables were associated with mortality. We used the Kaplan-Meier method to estimate event-free probabilities for the time to onset of ICIs-induced ITP. Time to onset was compared between the groups using the log-rank test. Spearman’s correlation test was used to analyze the correlation between the ICIs-induced ITP ROR and the activation levels of biological pathways and immune and stromal cells at the pan-cancer level. Statistical significance was defined as p < 0.05. All statistical analyses and visualizations were performed using R (https://www.r-project.org/, version 4.2.1) and ChiPlot (https://www.chiplot.online/).
3 RESULTS
3.1 Overall ICIs-induced ITP in the FAERS database, 2012—2022
We first obtained all reports of irAEs from the FAERS database (2012—2022) and retrieved reports of ICIs-induced ITP adverse events. ICIs-induced ITP accounted for a small proportion of reported irAEs, with 345 case reports, or 0.27% (345/125662) of the total reports. Overall, the year with the highest percentage of ICI-induced ITP cases was 2013 (0.41%). The lowest percentage occurred in year 2015 at 0.09% of the years, which was a very small but relatively stable percentage (Figure 2A). In terms of ICI treatment strategies, anti-PD-1-related ITP adverse reactions were reported in the highest number, accounting for 0.29% of the cases. When patients were treated with anti-PD-L1 or anti-CTLA4, the incidence of ITP adverse reactions was 0.18% in both cases. When patients were treated with a combination of anti-PD-1/L1 and anti-CTLA-4 antibodies, the incidence of ITP adverse events was 0.4% (Figure 2B). In conclusion, although rare, ICIs-induced ITP occurs relatively steadily under all treatment strategies for ICIs, and the proportion of ICIs-induced ITP increases significantly with combination therapy.
[image: Figure 2]FIGURE 2 | Overview of data on adverse events associated with ICIs-induced ITP from the FAERS database from 2012 to 2022. (A) The upper bar chart indicates the number of ICIs-induced and non-ICIs-induced ITP reports in the FAERS database from 2012 to 2022. The lower stacked graph shows the relative proportions of the ICIs-induced and non-ICIs-induced ITP reports in the FAERS database from 2012 to 2022. (B) The upper bar chart shows the number of ICIs-induced and non-ICIs-induced ITP reports under different ICI treatment strategies in the FAERS database from 2012 to 2022. The lower stacked graph shows the relative proportions of ICIs-induced and non-ICIs-induced ITP reports under different ICI treatment strategies in the FAERS database from 2012 to 2022.
3.2 Descriptive analysis of cases with ICIs-induced ITP
Between 2012 and 2022, 345 ICIs-induced ITP cases were reported in the FAERS database. We first examined the ITP adverse reaction signals of patients, including those receiving seven ICI monotherapies and two ICI combination therapies, using four algorithmic criteria (Table 2). The results showed that all ICIs treatment regimens met the four criteria. Among them, pembrolizumab combined with ipilimumab had the highest ROR (14.9, 95%CI 3.7-59.9) for the treatment strategy. Whereas in monotherapy, avelumab had the highest ROR (14.6, 95%CI 6.5-32.5). Furthermore, we statistically analyzed these case reports (Table 3). The largest percentage was for anti-PD-1 (230/345, 66.7%), followed closely by combination therapy and anti-PD-L1 (combination therapy: 55/345, 15.9%; anti-PD-L1:41/345, 11.9%), while the smallest percentage was for anti-CTLA-4 (19/345, 5.5%) (Figure 3). In this study, patients were categorized into three groups using cutoff ages of 65 and 85 years, with a predominance of patients older than 65 years and younger than 85 years (177/345, 51.3%); the median age of the patients was 69 years (interquartile range [IQR] 60-76). The study found that death occurred in 18% of all patients and 13.6% experienced life-threatening outcomes. The indications accounting for most ICIs-induced ITP cases were lung (123/345, 35.7%), skin (88/345, 25.5%), and bladder cancers (19/345, 5.5%) (Figure 4). Most case reports were submitted by healthcare professionals (303/345, 87.8%). From a national perspective, the majority came from Japan (151/345, 43.8%), the United States (75/345, 21.7%), and France (24/345, 7.0%).
TABLE 2 | Associations of different ICI treatment strategy with immune thrombocytopenia.
[image: Table 2]TABLE 3 | Clinical characteristics of patients with immune checkpoint inhibitor-induced immune thrombocytopenia collected from the FAERS database (January 2012 to December 2022).
[image: Table 3][image: Figure 3]FIGURE 3 | Number of ICIs-induced ITP reports for different ICI treatment strategies.
[image: Figure 4]FIGURE 4 | Pie chart of indications in ICIs-induced ITP reports. The pie chart shows the proportional composition of the patient’s cancer original sites. The pie chart on the top shows the proportional distribution of the case numbers for organs which were greater than 10. The pie chart at the bottom shows the proportional distribution of the case numbers for cancer originated from other.
3.3 Analysis of the time to onset with ICIs-induced ITP
The ICIs-induced ITP report showed that the median time to ITP after treatment with ICIs was 42 days (IQR 17-135), and the majority of patients (64/147, 43.5%) developed ITP within 30 days of treatment with ICIs (Figure 5A). Compared to monotherapy, combination therapy had a significantly shorter median onset time (days: 24.5 vs. 42). In the monotherapy group, patients treated with anti-PD-L1 had the shortest median onset time of 28 days (IQR 14-158.75), whereas patients treated with anti-PD-1 and anti-CTLA-4 had a median onset time of greater than 1 month, 43 days (IQR 21.5–125) and 41 days. Notably, the median time to onset was the shortest in patients who received combination therapy at 24.5 days, followed by those treated with anti-PD-L1 at 28 days, both within 1 month. In contrast, patients treated with the anti-PD-1 antibody had the longest median time to disease onset at 43 days. In addition, log-rank tests showed (Figure 5B) that neither combination therapy and monotherapy (p = 0.89), multiple treatment strategies within the monotherapy group (p = 0.95), nor different ICI treatment strategies, influenced the median onset time of ICIs-induced ITP.
[image: Figure 5]FIGURE 5 | Time to onset of ICIs-induced ITP under different ICI treatment strategies. (A) Stacked plots of ICIs-induced ITP onset time under different ICI treatment strategies. The horizontal coordinate is the different treatment strategies and the vertical coordinate is the number of reports. Different colors represent different time to event onset. The columns are stacked by reports with different time to event onset. (B) Cumulative distribution curves of ICIs-induced ITP onset time under different ICI treatment strategies. From the left to right, the cumulative distribution curves demonstrate the onset time of ICIs-induced ITP after treatment with ICIs in different subgroups (combination Therapy vs. monotherapy and different ICI treatment strategies). Statistical tests were conducted using the Kruskal–Wallis test.
When stratified by the original cancer sites of the patients, the results revealed that most patients with cancers originating from the lung (31/64, 48.4%), bladder (5/11, 45.5%), kidney (6/11, 54.5%), head and neck (3/4, 75%), and liver (2/3, 66.7%) experienced onset within 30 days. For patients with cancer originating from the skin (14/29, 48.3%), stomach (4/7, 57.1%), and lymphoid (2/3, 66.7%) the majority experienced onset within 60 days (Figure 6A). The top three original sites by median onset time were the head and neck (median onset time: 16.5, IQR 14-158.75), liver (median onset time: 21), and kidney (median onset time: 21, IQR 5.5-73.5). Log-rank test indicated no significant difference in the time to onset of ICI-induced ITP between among the different cancer original sites of patients (p = 0.54) (Figure 6B).
[image: Figure 6]FIGURE 6 | Time to onset of ICIs-induced ITP between different patient’s cancer original sites. (A) Stacked plots of ICIs-induced ITP onset time between different patient’s cancer original sites. The horizontal coordinate is the different patient’s cancer original sites and the vertical coordinate is the number of reports. Different colors represent different time to event onset. The columns are stacked by reports with different time to event onset. (B) Cumulative distribution curves of ICIs-induced ITP onset time between different patient’s cancer original sites. The horizontal coordinate is the time to onset (days) and the vertical coordinate is the cumulative percent. Statistical tests were conducted using the Kruskal–Wallis test.
3.4 Analysis of the potential biological mechanism associated with ICIs-induced ITP
In addition, the results of conjoint analysis showed that at the pan-cancer level, the top three cancers with ROR for ICIs-induced ITP were skin cutaneous melanoma (12.5, 95% CI 5.8-27.2), ovarian serous cystadenocarcinoma (12.4, 95% CI 3.6-42.8) and thymoma (11.7, 95% CI 2.8-49.0), with the lowest ROR in Colon adenocarcinoma (0.6, 95% CI 0.09-4.5) (Figure 7A). The correlation analysis of the potential mechanism mining and TCGA database showed that the pan-cancer level ICIs-induced ITP ROR was significantly and positively correlated with the mTORC1 (R = 0.767, p < 0.001), Hedgehog (R = 0.76, p < 0.001), and neddylation signaling pathways (R = 0.728, p < 0.01) and significantly negatively correlated with megakaryocytes (R = −0.512, p < 0.05) (Figure 7B).
[image: Figure 7]FIGURE 7 | Correlation between ICIs-induced ITP and pan-cancer biological features. (A) ROR of ICIs-induced ITP in 17 cancer types. (B) The correlation analysis between the ROR of ICIs-induced ITP and ssGSEA enrichment scores for the mTOR, Hedgehog, and Neddylation signaling pathways, as well as megakaryocytes. SKCM: Skin Cutaneous Melanoma; LUSC: Lung squamous cell carcinoma; DLBC: Lymphoid Neoplasm Diffuse Large B-cell Lymphoma; STAD: Stomach adenocarcinoma; PRAD: Prostate adenocarcinoma; LGG: Brain Lower Grade Glioma; UCEC: Uterine Corpus Endometrial Carcinoma; LUAD: Lung adenocarcinoma; LIHC: Liver hepatocellular carcinoma; ESCA: Esophageal carcinoma; COAD: Colon adenocarcinoma.
4 DISCUSSION
To our knowledge, this is the first pharmacovigilance and potential mechanism mining analysis of ICIs-induced ITP based on the FAERS database with the TCGA pan-canceromics database. In this study, we first performed an ICIs-induced ITP comprehensive pharmacovigilance analysis based on complete 11-year-long data from 2012 to 2022 in the FAERS database, performed a disproportionality analysis for ICIs-induced ITP reports, and described the clinical characteristics of the reported cases. The potential biological mechanisms of ICIs-induced ITP were explored at the level of biological signaling pathways and cellular infiltration in combination with TCGA pan-cancer transcriptomic data.
With the full promotion of ICIs in tumor therapy in the past decade, their multi-organ drug toxicity caused by them has gradually attracted attention. Several rare irAEs have also gradually emerged, including hem-irAEs are one of them, with an incidence of approximately 0.04–3.6% among all irAEs (Kramer et al., 2021). The prevalence of ITP, the most commonly reported hem-irAEs, is approximately 0.2–2.8% of all hem-irAEs (Haddad et al., 2022). Previous research has indicated that ITP occurs in 29% of 63 cases of hem-irAEs (Michot et al., 2019). The results of this study showed that the number of ICIs-induced ITP cases increased annually from 2012 to 2022; however, the maximum number of cases reported was only 73, and the proportion of ICIs-induced ITP among all irAEs ranged from 0.09 to 0.41%, which showed that with the promotion of ICIs, the number of ICIs-induced ITP cases has increased but is still relatively rare.
Seven ICI monotherapy and two ICI combination therapy patient adverse reaction reports were included. Notably, all ICI treatment strategies showed significant signals when up to four algorithms were used for adverse reaction signal mining. This indicates a significant correlation between different ICI treatment strategies and ICIs-induced ITP, which deserves clinicians’ attention. Among the ICI combination regimens included in this study, pembrolizumab in combination with ipilimumab had the highest ROR (14.9, 95%CI 3.7-59.9), while the ROR (10, 95% CI 7.6-13.1) for nivolumab in combination with ipilimumab was higher than that for the vast majority of ICI monotherapy, which may indicate that patients treated with anti-PD-1 in combination with anti-CTLA-4 are more likely to be at increased risk of ICIs-induced ITP. This is also the first time that a pharmacovigilance perspective has been presented using large-scale adverse event data. Then among ICI monotherapy regimens, the highest number of case reports and ROR were reported for those treated with anti-PD-1 (7.4 95%CI 6.5-8.4), followed by anti-PD-L1 (6, 95%CI 4.4-8.2) and anti-CTLA-4 (4, 95%CI 2.6-6.3), which may indicate that anti-PD-1 significantly increases the risk of ITP (Ohashi et al., 2023). In addition, when all 9 ICI treatment strategies were considered, avelumab had the highest ROR (14.6, 95% CI 6.5-32.5). This illustrates the strong correlation between avelumab and ITP, as Dorothea et al. reported a case of a male patient with metastatic Merkel cell carcinoma diagnosed with ITP 1 month after treatment with avelumab (10 mg/kg every 2 weeks). The patient died after 3 months of treatment despite multiple therapies, including corticosteroids, intravenous immunoglobulin, and methylprednisolone (Kratzsch et al., 2019).
In addition, this study described the clinical characteristics of the 345 ICIs-induced ITP cases included, and some similarities were observed when compared with published retrospective studies. The median age of the patients in this study was 69 years (IQR 60-76), which was similar to the results of another retrospective study (Davis et al., 2019). Patients with ICIs-induced ITP were predominantly male (61.2%), and the indications were mainly lung, skin, and urological tumors, which is consistent with the results of several previous retrospective studies. Davis et al. described the clinical characteristics of patients with ICIs-induced hematological toxicities based on VigiBase, the World Health Organization’s pharmacovigilance database for individual case safety reporting of adverse drug reactions, which included 168 cases of ICIs-induced hem-irAEs. The median age of 57 patients with ICIs-induced ITP was 65 years, and 58% of the patients were male (Davis et al., 2019). A retrospective analysis of 1, 038 patients treated with ICIs at the Ohio State University Comprehensive Cancer Center between January 2011 and June 2017 by Haddad et al. found that 28 patients with ICIs-induced ITP were 55.6% male (Haddad et al., 2022). Moore et al. reviewed 57 case reports of patients with ICIs-induced ITP from previous studies, of which 60% were male (Moore et al., 2024). Interestingly, the primary indications for patients with ICIs-induced ITP in all three studies were lung cancer, skin cancer, and urological tumors. Several observational studies have described the time of ITP onset in patients with ICIs-induced ITP. Michot et al. reviewed 63 case reports of patients with ICIs-induced hem-irAEs, of which 18 patients with ICIs-induced ITP had a median time to onset of 42 days, which is consistent with the results of this study (Michot et al., 2019). Additionally, several retrospective studies have been shown that the median time to onset in patients with ICIs-induced ITP ≤60 days (Davis et al., 2019; Martin et al., 2022; Moore et al., 2024), which emphasizes the need for close monitoring of the risk of patients experiencing ICIs-induced ITP within 60 days. Furthermore, the results of this study showed that the median time to onset in patients receiving combination therapy was 24.5 days, which was 17.5 days shorter than that in patients receiving monotherapy. In a case report by Mullally et al., a male patient with metastatic melanoma was diagnosed with ITP after anemia occurred 11 days after treatment with nivolumab in combination with ipilimumab. The patient died on the 15th day (Mullally et al., 2022). These results indicate that patients receiving combination therapy with anti-PD-1/L1 + anti-CTLA-4 should be closely monitored for the risk of morbidity and mortality for a shorter time (within 30 days). In addition, when stratified by the original cancer sites of patients, most patients cancers originating from the lung, head and neck, kidney, bladder, and liver had an onset time of less than 30 days, whereas most of patients with cancers originating from the skin, stomach, and lymphoid had an onset time of less than 60 days. Xie et al. (2021) reviewed 16 cases of lung cancer with ICI-induced ITP, of whom 6 (37.5%) patients experienced onset within 30 days. In the case review by Liu et al. (2020), 7 (63.6%) of 11 cases of skin melanoma with ICI-induced ITP experienced onset within 60 days. Although there was no significant difference in the time to onset of ICI-induced ITP among patients with different cancer original sites, the results of the present study still indicate the importance of closely monitoring the occurrence of ICI-induced ITP in patients with lung cancer and melanoma within 60 days. In the previous study, 62 (18%) of 345 patients with ICIs-induced ITP died, compared with a mortality rate of 5.6–11% in previous studies (Davis et al., 2019; Haddad et al., 2022; Moore et al., 2024). These results indicate that although ICI-induced ITP is relatively rare, severe cases can be life-threatening (Hasegawa et al., 2019). Therefore, clinicians should be aware of the severity of these adverse events.
Owing to the rarity of ICIs-induced ITP, previous studies and related descriptions are scarce, and the potential mechanism remains unclear. Therefore, we combined TCGA pan-cancer transcriptomic data for a preliminary exploration of the potential mechanism of ICIs-induced ITP. The results indicated that cutaneous melanoma exhibited the highest ICI-induced ITP ROR, which is consistent with the results described in several observational studies. Previous research has consistently demonstrated that the tumor type with the highest number of ICI-induced ITPs is melanoma, with other frequently reported tumor types including lung cancer, lymphoma, and renal cancer (Delanoy et al., 2019; Liu et al., 2020; Haddad et al., 2022). The occurrence of this phenomenon may be related to the population of patients with different tumor types and the indications for ICI treatment. Notably, PD-L1 overexpression has been reported on platelets of patients with lung cancer, which may result direct inhibition of platelets by anti-PD-L1 drugs (Rolfes et al., 2018). However, there are no reports revealing a specific mechanism for the increased likelihood of ICI-induced ITP in patients with melanoma. In this study, the enrichment of biological signaling pathways and cellular infiltration levels in pan-cancer correlated with ICIs-induced ITP ROR. The results showed that the pan-cancer level ICIs-induced ITP ROR was significantly positively correlated with the mTORC1, hedgehog, and neddylation signaling pathways, with a correlation coefficient >0.7, whereas it was significantly negatively correlated with the enrichment score of megakaryocytes. mTOR is an atypical serine/threonine (S/T) protein kinase, a member of the PI3K family, and its name is derived from its inhibitor, rapamycin (Jhanwar-Uniyal et al., 2024). Dysregulation of the mTOR-related signaling pathway leads to aberrant cell proliferation, migration, and survival and has been associated with the pathogenesis of several diseases (Chan, 2004; Laplante and Sabatini, 2012; Saxton and Sabatini, 2017; Panwar et al., 2023). Chen et al. recruited 190 ITP patients. Platelets from patients expressed significantly higher levels of mTOR and its phosphorylated proteins than healthy controls, indicating aberrant activation of mTOR pathways. (Chen et al., 2022). In previous studies, the mTOR inhibitor rapamycin was reported to reduce drug toxicity and reverse treatment resistance in combination with ICIs (Beeram et al., 2007; Esfahani et al., 2019), showing therapeutic potential against ICIs-induced ITP. Xing et al. reported the case of a 55-year-old patient with diffuse large B-cell lymphoma who developed severe thrombocytopenia after CAR-T cell therapy and whose platelet levels returned to normal on day 25 after treatment with rapamycin (Xing et al., 2021). Feng et al. recruited 86 patients with refractory/relapsed ITP who received rapamycin and showed that the overall response rate reached 85% after 3 months of therapy, indicating that rapamycin may be effective in treating refractory/relapsed ITP (Feng et al., 2020). Dysregulation of both the Hedgehog and Neddylation signaling pathways has been closely associated with multiple processes of tumor progression (Xu et al., 2022; Chen et al., 2023), however no relationship with ICIs-induced ITP has been reported, indicating that the potential mechanisms remain to be further explored. In addition, the pan-cancer levels of ICIs-induced ITP ROR were significantly negatively correlated with megakaryocytes, indicating that ICIs-induced ITP may be associated with megakaryocyte dysfunction. This mechanism may be due to the activation of immune-related genes and pathways during hematopoiesis, leading to the dysfunction of megakaryocyte progenitor cell differentiation into platelets (Liu et al., 2022). Notably, Sun et al. reported that megakaryocyte dysfunction in ITP is associated with abnormal autophagy, which could be due to the deletion of autophagy-related genes, such as ATG7, and the overactivation of mTOR-related signaling pathways (Sun and Shan, 2019), which is highly relevant to the results of our study. Currently, there is no specific treatment for patients with ICIs-induced ITP, usually when Grade ≥3, ICIs treatment is discontinued and treatment regimens such as corticosteroids, intravenous immunoglobulin, and rituximab are recommended, however, the above treatment regimens do not result in long-term remission (Marini et al., 2022). The results of our study indicate that the potential mechanism of ICIs-induced ITP may be highly related to megakaryocyte autophagy dysfunction induced by the overactivation of the mTOR-related signaling pathway. Drugs related to this mechanism, such as rapamycin and decitabine, may also provide novel regimens for the clinical management and treatment of patients with ICIs-induced ITP. In conclusion, the mechanisms underlying ICIs-induced ITP require further investigation and validation.
This study had some limitations. First, the FAERS database is a global spontaneous reporting system with some information bias owing to different levels of awareness among reporters and differences in drug markets. Secondly, we were unable to confirm a causal relationship between ICIs and ICIs-induced ITP because of the confounding effects of multiple variables. In addition, because the FAERS database does not contain all global case reports of patients with ICIs-induced ITP, we were unable to determine the prevalence of ICIs-induced ITP in a wider population. Finally, this study, as a large-scale pharmacovigilance and mechanistic exploratory analysis, was based on the data level, and all results of this study require confirmation in large-scale prospective and basic research.
5 CONCLUSION
In conclusion, the prevalence of ICIs-induced ITP was 0.09–0.41% of irAEs in the FAERS database (2012—2022). In addition to tremelimumab, there were significant reporting signals for ITP with ICI monotherapy and combination therapy (nivolumab/ipilimumab and pembrolizumab/ipilimumab). Patients treated with anti-PD-1 in combination with anti-CTLA-4 are more likely to have an increased risk of ICIs-induced ITP. Therefore, careful monitoring of patients receiving ICI combination therapy and ICI monotherapy for their risk of ITP occurrence within 30 days and 60 days, respectively, is recommended. In addition, patients with cutaneous melanoma are at a higher risk of developing ITP when treated with ICI and should be closely monitored for this risk within 60 days of treatment. The potential mechanism of ICIs-induced ITP may be related to autophagic dysfunction of megakaryocytes induced by overactivation of the mTOR-related signaling pathway. The results of this study provide a comprehensive understanding of ICIs-induced ITP, and clinicians should consider this potentially fatal adverse effect.
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