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Introdution: Immune checkpoint inhibitors (ICIs) have significantly improved clinical outcomes for a wide range of cancers but can also lead to serious or fatal immune-related adverse events (irAEs). Although ICI-related pericardial toxicities have been reported, the clinical features are not well characterized in real-world studies.
Objective: To characterize the main features of ICI-related pericardial toxicities and identify factors associated with death.
Methods: Data from January 1, 2011 to March 31, 2020 in the FDA Adverse Event Reporting System database were retrieved for disproportionality analysis. We used the reporting odds ratio and the information component (IC) to evaluate the association between ICIs and pericardial adverse events. Clinical characteristics of patients with ICI-associated pericardial toxicities were collected and compared between fatal and non-fatal groups. The time to onset following different ICI regimens was further investigated.
Results: We identified a total of 705 ICI-associated pericardial toxicities which appeared to influence more men (53.90%) than women (36.03%), with a median age of 63 (interquartile range [IQR] 54–69) years. Patients with lung cancer accounted for the largest proportion (55.6%). ICI therapies were detected with pharmacovigilance signals of pericardial toxicities, corresponding to IC025 = 2.11 and ROR 4.87 [4.51–5.25]. Nevertheless, there was a lack of association between anti-CTLA-4 and pericardial toxicities. There was no difference in onset time among all ICI regimens. However, TTO of fatal cases (25 days (interquartile range [IQR] 6–70)) occurred statistically earlier than non-fatal cases (42 days (IQR 12–114), p = 0.003).
Conclusion: ICI monotherapy (PD-1/PD-L1 therapy) and combination therapy can lead to pericardial toxicities that can result in serious outcomes and tend to occur early. Early recognition and management of ICI-related pericardial disorders should attract clinical attention. The findings require further clinical surveillance for the quantification.
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INTRODUCTION
Immune checkpoint inhibitors (ICIs) are a novel class of medications for cancer and are revolutionizing the treatment of several major cancers (Postow et al., 2015). The marketed ICIs until recently include programmed death-1 (PD-1) inhibitors (nivolumab, pembrolizumab, cemiplimab), programmed death-ligand 1 (PD-L1) inhibitors (atezolizumab, avelumab, durvalumab), and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitors (ipilimumab, tremelimumab) (Ribas and Wolchok, 2018).
Whereas, immune-related adverse events (irAEs) associated with the inhibition of immunologic regulation remains a challenge (Postow et al., 2018). Recently, emerging case reports have raised awareness of cardiotoxicity which maybe potentially a fatal complication associated with immunotherapy (Geisler et al., 2015; Läubli et al., 2015; Johnson et al., 2016). ICI-related pericarditis may occur with or without pericardial effusion and tamponade (Yun et al., 2015; Heinzerling et al., 2016). Perhaps because of inadequate understanding as a form of ICI-related cardiovascular disorders, data on pericardial disease are derived primarily from case reports and clinical trials that may not correctly represent the real world (Borghaei et al., 2015; Kushnir and Wolf, 2017; Atallah et al., 2019; Yamasaki et al., 2019). Moreover, the characteristics, timing, outcomes of ICI-related pericardial toxicities and the factors associated with death are still unknown.
Considering the widespread clinical use of ICIs and the potentially fatal consequences of ICI-associated pericardial toxicities, it is important to identify its clinical manifestations. As such, we conducted a disproportionality analysis to characterize and evaluate pericardial toxicities associated with different ICI regimens. In addition, we further investigated the risk factors and characterized their main features associated with death. All data are based on the Food and Drug Administration Adverse Events Reporting System (FAERS) database.
METHODS
Data Source
We conducted a retrospective pharmacovigilance study based on the FAERS database (Food and Drug Administration, 2020). The FAERS database collects adverse events (AEs) reports by consumers, health professionals, pharmaceutical manufacturers, and patients from different regions. FAERS data is available to the public. The FAERS data include demographic and administrative information, drug information, reaction information, patient outcomes, the source of the report, therapy start dates and end dates for reported drugs, and indications for use. For this study, ICI data were collected during the period from 2011 Quarter 1 (Q1) to 2020 Quarter 1 (Q1) in the FAERS database.
Procedures
The report of the FAERS database is coded using preferred terms (PTs) from Medical Dictionary for Regulatory Activities (MedDRA). After literature review and summary of previous studies, we considered the following PTs as related to pericardial disorders: “autoimmune pericarditis [10079058],” “pericarditis [10034484],” “pericarditis adhesive [10034486],” “pericarditis constrictive [10034487],” “pleuropericarditis [10059361],” “cardiac tamponade [10007610],” “pericardial calcification [10057614],” “pericardial disease [10061338],” “pericardial effusion [10034474],” “pericardial fibrosis [10048724],” “pericardial hemorrhage [10034476],” “pericardial mass [10079578],” “pericardial rub [10049759],” “pneumopericardium [10048731],” and “pericardial drainage [10034471].” We selected generic and trade names of ICIs (Table 1) through the drugs@FDA (Food and Drug Administration, 2020). Clinical characteristics (gender, age, reporting time, reporting area, reporter and onset time, etc.) of patients with ICI-associated pericardial toxicities were collected and compared between fatal and non-fatal groups. In addition, we assessed the time to onset (TTO) of pericardial diseases that was caused by different ICIs. We defined the interval from the initiation of the ICI therapy to the start date of the ICI administration as TTO, and excluded the incorrect records.
TABLE 1 | Summary of FDA approved ICIs.
[image: Table 1]Statistical Analysis
We used descriptive statistics to summarize the clinical features of cases. We used the Chi-square test for between-group comparisons of categorical variables. The normally distributed and not normally distributed continuous variables were analyzed using the t test and non-parametric tests (the Mann-Whitney test for comparison of two independent samples and the Kruskal-Wallis test for comparison of multiple independent samples), respectively. The statistical significance was determined at p < 0.05 with 95% confidence intervals.
The reporting odds ratio (ROR) and Bayesian confidence propagation neural networks of information components (IC) were used to calculate disproportionality (Zhai et al., 2019). When using the full database as a comparator, both IC and ROR were calculated, while when comparing different drug regimen subgroups, only ROR was calculated (Salem et al., 2018). Through the above algorithms, we compared the correlations between pericardial disorders and different ICIs. For IC, a significant signal is considered if an IC025 (the lower limit of the IC 95% confidence interval) value greater than zero. For ROR, a significant signal was considered when the lower end of the 95% credibility interval (ROR025) exceeded 1, with at least 3 cases. The significant signal indicates an association between a particular drug and the adverse reaction but cannot be interpreted as strictly synonymous with or as a reliable surrogate for the incidence rate. All the analysis was performed with R version 4.0.3.
The statistical formula is as follows to calculate IC, IC = log2 ((Nobserved+0.5)/(Nexpected+0.5)) 
[image: image]
Nexpected: the number of records expected for the drug-adverse reaction combination. Nobserved: the observed number of records for the drug-adverse reaction combination. Ndrug: the total number of records for the drug, regardless of adverse reactions. Nevent: the total number of total records for the adverse reaction, regardless of drug. Ntotal: the total number of records in the database.
RESULTS
Descriptive Analysis
The FAERS database recorded 87,404 adverse events related to ICIs and 16,862 reports related to pericardial disorders between January 1 2011 and March 31 2020. We screened 705 reports of suspected ICI-related pericardial toxicities and summarized these patients’ clinical characteristics in Table 2. Most cases were reported between 2016 and 2020, reflecting the increasingly clinical application of ICIs in recent years. Most reported cases were male (53.90%; data available in 634/705). The median age was 63 years (interquartile range [IQR] 54–69; data available in 566/705 reports). Most of the cases were from Europe (37.02%), followed by America (31.77%) and Asia (28.51%), and mainly submitted by health-care professionals (78.30%). The median time to event onset was 38 (IQR 12–114; data available in 413/705 reports) days and 44.55% of the adverse events occurred within 30 days. Pericardial adverse events were most frequently reported in lung cancer patients (55.60%). Hospitalization (44.96%) was the most common outcome event, and death occurred in 17.45% of the cases. The largest number of pericardial disorders reports was for nivolumab monotherapy (43.55%), followed by pembrolizumab monotherapy (26.24%).
TABLE 2 | Characteristics of patients with ICI-associated pericardial diseases sourced from the FAERS database (January 1 2011 to March 31 2020).
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Generally, ICIs were significantly associated with over-reporting frequencies of pericardial toxicities (ROR 4.87 [4.51–5.25], IC025 = 2.11) (Table 3). For monotherapy, the majority of ICI-associated pericardial diseases were reported for anti-PD-1 (70.36%, ROR = 5.67 [5.18–6.21], IC025 = 2.31), followed by anti-PD-L1 (14.32%, ROR 5.50 [4.49–6.72], IC025 = 2.40), whereas there was a lack of association between anti-CTLA-4 and pericardial adverse events. The most common combination therapy was nivolumab plus ipilimumab (79 cases), with a significant pericardial events signal (ROR 4.20 [3.37–5.25], IC025 = 1.69). As for the combination of pembrolizumab plus ipilimumab, and durvalumab plus tremelimumab, there were only 4 and 3 cases, respectively. Further analysis showed that combination therapy was not associated with a higher risk of pericardial toxicities compared with monotherapy (ROR 0.91 [0.73–1.14].
TABLE 3 | Associations of different ICI regimens with pericardial diseases.
[image: Table 3]Analysis of Fatal and Non-Fatal Cases
As shown in Table 2, no significant differences were found in gender, age, reporter type, outcome, indication and year of reporting for fatal vs. non-fatal cases. Use of ICIs combination vs. ICI monotherapy and type of monotherapy (anti-PD-1, anti-PD-L1 and anti-CTLA4) were similar in fatal vs. non-fatal ICI-related pericardial toxicity cases. In the two most common indications, the fatality was higher in patients with lung cancer compared to melanoma, with no significant difference (20.15 vs 18.03%). Notably, time to onset was statistically different between two groups of cases. The fatal cases had a shorter TTO than non-fatal cases (median 25 days (IQR 6–70 days) vs. 42 days (IQR12–114), respectively; p = 0.003). Besides, there was a statistical difference between fatal and non-fatal cases in the reporting region (p = 0.029), with the highest percentage of reported deaths (22.39%, 45/201) occurring in Asia.
Time to Onset of Immune Checkpoint Inhibitors-Associated Pericardial Disease
The TTO following each ICI regimen is shown in Figure 1. We found no difference in onset time among ICI monoregimens (p = 0.350). The median time to onset was 31 (IQR 19–53) days for ipilimumab, 21 (IQR 7–81) days for pembrolizumab, 42 (IQR 14–127) days for nivolumab, 42 (IQR 39–60) days for cemiplimab, 37 (IQR 11–101) days for atezolizumab, 32 (IQR 18–58) days for avelumab, and 52 (IQR12-92) days for durvalumab, respectively. In addition, patients treated with a combination regimen didn’t appear to have earlier onset compared with those receiving monotherapy alone. On the contrary, TTO of ipilimumab plus nivolumab combination therapy was later than that of ipilimumab or nivolumab monotherapy alone.
[image: Figure 1]FIGURE 1 | Time to event onset of pericardial adverse events following immune checkpoint inhibitor regimens.
DISCUSSION
To our knowledge, this is the most comprehensive pharmacovigilance study on pericardial events associated with ICIs based on the FAERS database. We provided a more accurate description and characterization of ICI-associated pericardial toxicities to date.
Our study detected a significant signal between ICI treatment and pericardial toxicities. We included 705 cases of ICI-associated pericardial diseases, the largest such collection of cases to date, suggesting that pericardial-irAEs under ICIs appear less rare than initially thought (Saade et al., 2019). The increased reporting over time was mainly due to the wider use of ICIs and increased awareness of healthcare professionals for post-marketing surveillance. Notably, the signal identified for pericardial toxicities might be amplified by over-reporting, since pericardial disorders are common complications of some malignancies (Imazio et al., 2005). It is vital to distinguish between tumor complications and irAEs in clinical practice because the definitive interruption of ICIs for patients may be challenged. The diagnosis of ICI-related pericardial events remains an excluded diagnosis, requiring the exclusion of other identified causes (Saade et al., 2019).
ICI-associated pericardial diseases seemed to predominately affect men (60%, 380/634), which was consistent with the findings of Salem et al. using the World Health Organization (WHO) global database vigibase (Salem et al., 2018). However, it should be noted that women were often excluded from the clinical trials and not recommended to use ICIs in real world settings due to a higher risk of autoimmune diseases (Conforti et al., 2018; Hu et al., 2019). And the preponderance of men in ICI-associated pericardial diseases may be due to the fact that melanoma or lung cancer is more common in men than in women (Henley et al., 2014; Salem et al., 2018). Therefore, further studies are needed to provide the true incidence of ICI-associated pericardial diseases in men and women.
This study showed that ICI-associated pericardial disorders were over-reported for anti-PD-1/PD-L1 vs. anti-CTLA-4 monotherapy (ROR: 4.07 [2.66–6.25] and 4.03 [2.54–6.42], respectively). In addition, there was no increased risk with combination therapy (anti-CTLA-4 plus anti-PD-1 or anti-PD-L1) relative to monotherapy (anti-PD-1 or anti-PD-L1 alone) (ROR: 0.91 [0.73–1.14]). Anti-CTLA-4 agents were surprisingly not associated with risk of reporting pericardial toxicities (ROR: 1.36 [0.89–2.06]), in contrast to previous studies showing that anti-CTLA-4 was associated with over-reporting frequencies of myocarditis (Fan et al., 2019). The low number of events observed of CTLA-4 highlights the need to study differences between these classes. Moreover, comparisons with different ICI classes could be confounded by disease-specific effects. ICIs are approved for different indications, such as melanoma patients largely comprising the anti-CTLA-4 group, and the difference of approved indications may also account for the different risk shown in our study. Pericardial diseases were, indeed, more frequent in patients with lung cancer (55.6%). The disease-specific effects of lung cancer in our study are unclear. One reasonable hypothesis is the proposed synergistic effects of radiation and immunotherapies which may be at play in lung cancer patients. Radiation’s possible ability to prime an endogenous antigen-specific immune response has been used a rationale for combining radiation and immunotherapies for synergistic effects (Sharabi et al., 2015). In this regard, it is plausible that patients with cancer who receive ICI following irradiation to the thoracic area may be more prone to pericardial disorders, exposing potential shared antigens to T-cell recognition (Salem et al., 2018). However, further reliable data are needed to definitively rule out an association between anti-CTLA-4 and pericardial toxicities.
Our studies suggested ICI-associated pericardial diseases occurred early after the initiation of ICIs, with no significant difference between different ICI regimens. Cardiac disorders were reported to occur between 2 and 17 weeks after initiation ICI therapy (Wang et al., 2017; Oristrell et al., 2018). The median time from start of ICIs to presentation in this study was 38 days (12–114) and the majority of cases were detected within the first 3 months which indicated the importance of cardiac monitoring during the higher-risk time window of 90 days. However, no earlier onset of pericardial diseases was found with the nivolumab plus ipilimumab strategy than with nivolumab alone. This finding was inconsistent with those of previously published cases of ICI-associated cardiotoxicity, who found that cardiotoxicity occurred earlier when two ICIs were combined (Zhou et al., 2019).
The risk of ICI-induced adverse events resulting in death was studied in detail. Use of ICI combination vs. ICI monotherapy and type of monotherapy were similar in fatal vs. non-fatal cases. However, it was worth noting that anti-CTLA-4 had the lowest number but the highest mortality (31.82%, 7/22). We observed a significant difference in the fatality rates in different reported regions, with Asia being the highest (22.39%, 45/201) and Oceania the lowest (6.67%, 1/15). Bhandari et al. found no racial difference in the incidence and severity of irAEs between whites and African Americans although autoimmune diseases generally exhibit racial differences (Bhandari et al., 2020). Thompson et al. observed similar cutaneous immune-related adverse events (cirAEs) morphologies and severities among white and non-white patients but white patients were twice as likely to be diagnosed with a cirAE (Thompson et al., 2020). These two studies were all conducted in the United States. The association of race with the incidence and severity of irAEs secondary to ICIs was still unclear, especially outside the United States. The difference in fatality rates among reported regions found here could not prove a causal relationship between race and death. However, it is suggested that the Asian population should pay particular attention to the risk of pericardial disease caused by ICIs due to its high mortality rate. Notably, we observed an earlier onset of ICI-related pericardial toxicities in fatal cases compared to non-fatal cases, highlighting the need for understanding the biological mechanisms and identifying risk factors that could assist in the diagnosis and effective management of these patients. Overall, more data are needed to identify patient-specific risk factors for this toxicity.
Our study has several limitations. Firstly, FAERS is a spontaneous reporting system with a reporting bias (e.g., underreporting and selective reporting) and lots of missing data. It is difficult to control confounding factors such as age, history of cardiovascular disease, comorbidities or other factors that could influence the risk of cardiotoxicity. Therefore, a causal relationship cannot be directly proven. Secondly, a spontaneous reporting system is only used for qualitative research. The collected data cannot be used to quantify the adverse reaction signals on the basis of the total number of adverse reactions. The signal strength between a particular drug and the reaction was only used as a qualitative indicator. Safety reports do not provide detailed information of patients exposed to the drug without AEs (Ceschi et al., 2020). Moreover, the identification and reporting of adverse events are not rigorously regulated. There are missing reports and duplicate reports. Therefore, FAERS data cannot be used to calculate the incidence of an adverse event. Thirdly, database reporting is voluntary and thus the quality might be variable. Like other pharmacovigilance studies, this study allows for signal detection in a large population, which will require further researches to validate the results.
CONCLUSION
This study explored reports of pericardial adverse events associated with the use of ICIs in the FAERS database. A total of 705 reports were retrieved, more than half of which were patients with lung cancer. Our study shows that ICI-related pericardial toxicities commence early during treatment course and can result in serious outcomes. These events should be considered in patient care and clinical trial design. Further studies are needed to address the mechanisms underlying ICI pericardial toxicities associated with ICIs and assess the causality of the cases to draw conclusions on the strength of the relationships.
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