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Background: Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease of unknown etiology. Pirfenidone (PFD) and nintedanib (NDN) were both conditionally recommended in the clinical practice guideline published in 2015. Safety and tolerability are related to the risk of treatment discontinuation. Therefore, this study evaluated and compared the adverse events (AEs) of PFD and NDN in a large real-world population by analyzing data from the FDA Adverse Event Reporting System (FAERS) to provide a reference for their rational and safe use.Methods: The AEs of PFD and NDN were extracted from the FAERS database. The pharmacovigilance online analysis tool OpenVigil 2.1 was used to retrieve data from the FAERS database from the first quarter of 2012 to the second quarter of 2022. The reporting odds ratio (ROR) and proportional reporting ratio were used to detect the risk signals.Results: The database included 26,728 and 11,720 reports for PFD and NDN, respectively. The most frequent AEs of PFD and NDN were gastrointestinal disorders. The RORs for these drugs were 5.874 and 5.899, respectively. “Cardiac disorders” was the most statistically significant system order class for NDN with an ROR of 9.382 (95% confidence interval = 8.308–10.594). Furthermore, the numbers of designated medical events of PFD and NDN were 552 and 656, respectively. Notably, liver injury was reported more frequently for NDN (11.096%) than for PFD (6.076%).Conclusion: This study revealed differences in the reporting of AEs between PFD and NDN. The findings provide reference for physicians in clinical practice. Attention should be paid to the risks of cardiac disorders and liver injury associated with NDN.Keywords: idiopathic pulmonary fibrosis, pirfenidone, nintedanib, FAERS, OpenVigil 2.1, adverse events, designated medical events
INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial lung disease of unknown etiology (Spagnolo et al., 2021a). It primarily occurs in older men, and its prognosis is poor, with a median survival of only 2–5 years (Raghu et al., 2011; Jo et al., 2017). Globally, the incidence of IPF is increasing. A recent analysis of 22 studies covering 12 countries found that the adjusted incidence and prevalence of IPF range 0.09–1.30 and 0.33–4.51 per 10,000 persons, respectively (Maher et al., 2021). At present, lung transplantation is considered the only effective intervention to improve the life expectancy of patients with IPF, and it has the advantage of improving both symptoms and survival time (Glass et al., 2022). However, because of the limited number of organ donors and patients’ economic status, age, and comorbidities, only a few patients can undergo this treatment (Glass et al., 2020).
In 2015, an updated guideline of the 2011 version was released by the American Thoracic Society (ATS), European Respiratory Society (ERS), Japanese Respiratory Society (JRS), and Latin America Thoracic Association (ALAT) to focus on treatment interventions. Pirfenidone (PFD, Esbriet) and nintedanib (NDN, Ofev) were both conditionally recommended in this guideline, meaning that physicians should choose different treatment therapies consistent with patients’ values and preferences (Raghu et al., 2011). PFD (5-methyl-1-phenyl-2-[1H]-pyridone) is a novel anti-fibrotic and anti-inflammatory drug that can alleviate the deterioration of pulmonary function in patients with IPF (Noble et al., 2011). It was approved for the treatment of adults with mild-to-moderate IPF in the European Union in 2011 and for the treatment of IPF in the United States in 2014 (Spagnolo et al., 2021b). NDN is a multi-target tyrosine kinase inhibitor that can simultaneously block the fibroblast growth factor, vascular endothelial growth factor, and platelet-derived growth factor receptors (Lamb, 2021). The TOMORROW trial, a 52-week multi-country, double-blind, randomized, placebo-controlled phase II clinical trial, proved that NDN reduces the decline in forced vital capacity associated with IPF (Richeldi et al., 2011). The FDA and EMA approved NDN for the treatment of IPF in 2014 and 2015, respectively (Robalo-Cordeiro et al., 2017).
In November 2020, the UK Medicines and Health Products Regulatory Agency (MHRA, 2020) issued an information warning that PFD carries a risk of serious liver injury and updated advice on liver function testing. The Japanese Pharmaceuticals and Medical Devices Agency published pharmaceuticals safety information on NDN detailing cases of thrombocytopenia, including serious cases leading to bleeding and potentially leading nephrotic syndrome in August 2016 and April 2022 (PMDA, 2016; PMDA, 2022). On 14 December 2021, the Australian Government Department of Health and Age Care updated the product information of NDN to include new warnings on ischemic colitis and renal impairment (Medicines Safety Update, 2022).
Although physicians pay more attention to adverse drug reaction warnings regarding PFD and NDN, most warnings were reported in clinical trials or case reports. There is a lack of systematic and comprehensive pharmacovigilance studies regarding these two drugs. Therefore, we evaluated and compared PFD and NDN in a large real-world population by analyzing adverse events (AEs) reported to the FDA Adverse Event Reporting System (FAERS).
MATERIALS AND METHODS
Data source
The data of this study were obtained from the pharmacovigilance database of FAERS, which was freely released to the public. The data structure of FAERS adhered to the international safety reporting guidance issued by the International Conference on Harmonisation (ICH E2B) (Neha et al., 2020). However, FAERS data are incomplete because of insufficient and excessive reporting, a lack of denominators, data errors, and duplication (Wang et al., 2022). Therefore, we used OpenVigil 2.1, a freely available pharmacovigilance tool based on the external drug databases Drugbank (https://www.drugbank.ca/) and drugs@FDA (https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm), to map the information in the FAERS database. At the same time, only the reports with complete case information were loaded, and thus, case reports were included and subsequently cleaned (Böhm et al., 2016). The classification and standardization of AEs in the FAERS database are coded using the Medical Dictionary for Regulatory Activities.
Study procedure
The interventions of interest were PFD and NDN. This study included all records in the FAERS database from the first quarter of 2012 to the second quarter of 2022. The DRUG terms searched included “pirfenidone,” “esbriet,” “Pirespa,” “Etary,” “nintedanib,” “Ofev,” “Vargatef,” and “BIBF1120.” Unexpected AEs were defined as any significant AEs that were not listed in the FDA drug labeling (Zhan et al., 2020). The designated medical events (DMEs) (European Medicines Agency, 2020) were selected from the EMA list, which included 62 different reactions.
Statistical analysis
Disproportionality analysis was performed to analyze signal detection. In pharmacovigilance, the statistical correlation between drugs and AEs was determined via proportional imbalance analysis. The proportional reporting ratio (PRR) and reporting odds ratio (ROR) are frequency statistics that can be interpreted as the relative risk and odds ratio, respectively (Evans et al., 2001; Ooba and Kubota, 2010; Caster et al., 2020; CredibleMeds, 2022). The data and calculation formulas used for PRR and ROR calculation are presented in Table 1. A ROR signal was defined as positive when the number of cases was ≥2 and the lower limit of the 95% confidence interval (CI) was >1. A positive PRR signal was indicated by ≥3 cases, chi-square ≥4, and PRR ≥2. The ROR and PRR data were performed by OpenVigil 2 × 2 contingency table calculator.
TABLE 1 | Summary of the algorithms used for signal detection.
[image: Table 1]SPSS V21.0 software was used for the chi-square test to evaluate the differences between PFD and NDN in demographic data.
RESULTS
Descriptive results
The original data were 37702 reports for PFN and 17119 reports for NDN. After data cleaning and de-duplication through the OpenVigil-Data quality and cleansing procedures, 26728 reports of PFD and 11720 reports of NDN were obtained.
The trend of the AE reports is presented in Figure 1. The number of reports increased significantly for both two drugs in 2015. The characteristics of the AE reports are presented in Table 2. Events were more common in men, but there was no statistical difference between the two drugs (p = 0.703). Although the AE reports for PFD and NDN were concentrated in patients ≥65 years old, in terms of age subgroups, NDN-related AEs more frequently occurred in patients aged 18–65 years than PFD (p < 0.0001). Concerning the reporting region, most events were reported in the US for both PFD (86.67%) and NDN (57.10%). Regarding the non-US reports, Great Britain and Japan ranked first for PFD (37.32%) and NDN (22.88%), respectively. For events for which outcome data were available, severe outcomes (including hospitalization, disability, life-threatening, and death) were noted for 73.44% and 72.70% of events related to PFN and NDN, respectively. Among them, death was the most frequently reported severe outcome.
[image: Figure 1]FIGURE 1 | The trends of adverse events reports for pirfenidone and nintedanib from the first quarter of 2012 to the second quarter of 2022.
TABLE 2 | Characteristics of adverse events reported for pirfenidone and nintedanib.
[image: Table 2]SOCs and PTs
The total AEs of PFD are presented shown in Figure 2A, and the events with significant signals after screening were located in the upper right quadrant. The significant preferred terms (PTs) of interest are presented in Figure 2B and Supplementary Table S2. The top five AEs for PFD were death (4,626, 12.17%), nausea (3,354, 8.82%), fatigue (2,356, 6.20%), decreased appetite (2,016, 5.30%), and diarrhoea (1,999, 5.26%). In addition, unexpected AEs such as aortic aneurysms, amblyopia, and chromaturia were detected in data mining. The top five AEs for NDN were diarrhea (2,933, 11.43%), nausea (1,337, 5.21%), dyspnea (1,130, 4.40%), death (1,097, 4.28%), and decreased appetite (847, 3.30%). The RORs of PFD ranged from 2.006 to 88.407 for 95% CI lower limits exceeding 1. The largest PRR and ROR for forced vital capacity were 109.738 and 109.933, respectively, whereas NDN had the largest PRR and ROR for paroxysmal arrhythmia (91.359 and 91.387, respectively; Supplementary Tables S1, S2). Of note, compared with PFD, the cardiac disorder AEs of NDN should cause concern. In total, 16 PTs were involved, and the most frequently reported terms were atrial fibrillation, cardiac failure, and pericardial effusion (Figure 3; Supplementary Table S2). Some AEs that were listed in the drug labels, such as arthralgia for PFD (N = 275, ROR = 0.719, 95% CI = 0.639–0.810) and back pain (N = 136, ROR = 1.495, 95% CI = 1.262–1.771) for NDN did not have significant signals in our study.
[image: Figure 2]FIGURE 2 | (A) Reporting odds ratio (ROR) volcanic map of pirfenidone. The y-axis represents the logarithm of the chi-square, and the x-axis represents the logarithm of the proportional reporting ratio. In this scatter plot, the points (drugs) in the upper right quadrant had larger signals. (B) Bubble chart of preferred terms (PTs).The x-axis represents the number of events for PT, and the y-axis represents the value of ROR. The size of the bubbles represents the value of ROR, and the color of the bubble represents the number of events per PT.
[image: Figure 3]FIGURE 3 | (A) Reporting odds ratio (ROR) volcanic map of nintedanib. The y-axis represents the logarithm of the chi-square, and the x-axis represents the logarithm of the proportional reporting ratio. In this scatter plot, the points (drugs) in the upper right quadrant had larger signals. (B) Bubble chart of preferred terms (PTs).The X-axis represents the number of AE cases in Nintedanib, and the Y-axis represents the ROR value. The size of the bubbles represents the ROR value, and the color of the bubble represents the number of events per PT.
Table 3 summarizes all system organ classes (SOCs) related to PFD and NDN. The most frequently reported SOCs for PFD were “gastrointestinal disorders,” “general disorders and administration site conditions,” and “skin and subcutaneous tissue.” These results were consistent with existing research. However, the most statistically significant SOCs were “eye disorders” (ROR = 11.076, 95% CI = 5.711–21.478), which were not listed in the drug label or reported in any studies. Meanwhile, “gastrointestinal disorders” and “general disorders and administration site conditions” were also reported for NDN, and the other SOC was “respiratory, thoracic, and mediastinal disorders,” which might be related to the progression of the primary disease. Meanwhile, a noteworthy finding was that “cardiac disorders” (ROR = 9.382, 95% CI = 8.308–10.594) was the most statistically significant SOC for NDN.
TABLE 3 | Frequency of adverse events by system organ class (SOC).
[image: Table 3]DME results
In total, 552 events covering 32 DMEs were reported for PDF, and 656 events covering 37 DMEs were reported for NDN (Table 4). The patients in the reports for PFD were mainly aged 65–75 years. Meanwhile, the patients in the reports for NDN were most commonly younger than 65 years. DMEs were more common in men than in women for both drugs. NDN was more likely to have serious outcomes (including hospitalization, disability, and death) than PFD. Hearing loss, kidney failure, pancreatitis, blindness, acute kidney injury, and liver failure were reported with high frequencies for PFD. The major DMEs of NDN included febrile neutropenia, acute kidney injury, pancreatitis, kidney failure, and drug-induced liver injury. Notably, liver damage was reported more frequently for NDN (11.096%) than for PFD (6.076%).
TABLE 4 | The designated medical events for pirfenidone and nintedanib.
[image: Table 4]DISCUSSION
This study compared the AE reporting trends and characteristics of PFD and NDN. The number of reported AEs related to these two drugs increased significantly in 2015.
In that year, PFD and NDN were listed as novel agents conditionally recommended for the treatment of IPF by ATS/ERS/JRS/ALAT (Raghu et al., 2015). However, the total and annual numbers of AEs were higher for PFD than for NDN. Although both drugs were approved for the treatment of IPF by the FDA in 2014, PFD was approved for the treatment of mild-to-moderate IPF in adults in the European Union in 2011. At the same time, some studies found that PFD had significantly lower weighted annual mean anti-fibrotic drug costs than NDN (Corral et al., 2020). Based on this situation, PFD might be more widely used in more patients than NDN, thereby leading to a larger number of reported AEs. In terms of reporting regions, the number of reported AEs was significantly higher for the US than for other countries. This could be related to the higher incidence of IPF in North America and Europe than in Asia and South America (Hutchinson et al., 2015). Events were more common in males than in patients aged ≥65 years. This is explainable by the fact that male sex and older age have been identified as risk factors for IPF (Jee, et al., 2021).
Disproportionality analysis revealed that gastrointestinal disorders were the most commonly SOC for both drugs, which corresponded to previous findings. Regarding gastrointestinal disorders, the most frequently PTs were nausea (N = 3354, ROR = 4.437, 95% CI = 4.278–4.602) and diarrhea (N = 2933, ROR = 16.816, 95% CI = 16.102–17.562) for PFD and NDN, respectively. The clinical safety profile of PFD was demonstrated in the CAPACITY studies, which detected nausea in 36% of PFD-treated patients. However, the rate of treatment discontinuation related to nausea was only 1.4% (Noble et al., 2011). To prevent gastrointestinal AEs, it is recommended to take PFD during or after a meal (European Medicine Agency, 2023). A longer initial dosing titration scheme has been found to further improve the tolerability of PFD (Clinical trials.gov, 2016, NCT01933334). In the INPULSIS trials, diarrhea was the most commonly reported AE, being experienced by 62% of NDN-treated patients (Richeldi et al., 2014). However, only 4.4% of patients on NDN permanently discontinued treatment because of diarrhea (European Medicines Agency, 2015). Loperamide is currently recommended for the management of NDN-associated diarrhea (Corte et al., 2015).
“Eye disorders” represented the most statistically significant SOC for PFD, but the total number of reports was limited. “Cardiac disorders” represented the most statistically significant SOC for NDN, and it was mainly represented by atrial fibrillation (N = 82, ROR = 2.129, 95% CI = 1.713–2.647), cardiac failure (N = 72, ROR = 2.136, 95% CI = 1.694–2.694), and pericardial effusion (N = 24, ROR = 2.654, 95% CI = 1.777–3.964). The phase II TOMORROW trial and the two phase III INPULSIS trials evaluated the most frequent AEs, defined as those with an incidence of more than 10% in the NDN and placebo groups. Cardiac disorders were not the most frequent AEs in all the aforementioned three trials (Richeldi et al., 2011; Richeldi et al., 2014). A subgroup analysis of data from the open-label extension study (INPULSIS®-ON) of the INPULSIS® trials focused on the long-term safety of NDN in Asian patients. In this trial, major adverse cardiovascular events were observed at event rates of 5.5 and 2.8 events per 100 exposure-years among patients who continued and initiated NDN, respectively (Song et al., 2020). From the safety-related labeling changes approved by the FDA Center for Drug Evaluation and Research, arterial thromboembolic events, especially myocardial infarction, were mentioned in the “warnings and precautions” section (https://www.accessdata.fda.gov/scripts/cder/safetylabelingchanges/index.cfm?event=searchdetail.page&DrugNameID=839#). A multi-center phase II study including 62 Chinese patients with advanced non-small-cell lung cancer who received NDN as second-line therapy recorded a heart failure rate of 69.35% (43/62) (Dai et al., 2015). Therefore, cardiac disorders should be closely monitored in clinical practice.
“Elevated liver enzymes and drug-induced liver injury” were listed in the “warnings and precautions” sections for both PFD and NDN. The prescribing information recommends that liver function should be monitored prior to initiating NDN and periodically during treatment. In 2020, the UK government published a drug safety update concerning risk of serious liver injury related to NDN, including two fatal outcomes (Verma et al., 2017; Benesic et al., 2019). The LiverTox® database, which was produced by the National Institute of Diabetes and Digestive and Kidney Diseases, uses a five-point scale to estimate whether a medication is a cause of liver injury (Evans et al., 2001; LiverTox, 2012; Hutchinson et al., 2015; Corral et al., 2020; Neha et al., 2020; Jee, et al., 2021). In that database, NDN was assigned a likelihood score of E* (unproven but suspected cause of clinically apparent liver injury), and PFD was assigned a likelihood score of D (possible rare cause of clinically apparent liver injury) (Nintedanib, 2017; LiverTox, 2020). In our study, liver injury associated with PFD was represented by hepatic failure (16, 2.778%), acute hepatic failure (10, 1.736%), and drug-induced liver injury (9, 1.563%). Simultaneously, NDN was associated with drug-induced liver injury (46, 6.461%), hepatic failure (27, 3.792%), acute hepatic failure (5, 0.702%), and hepatic necrosis (1, 0.140%). Therefore, NDN-associated liver injury should be further evaluated, and the database should be updated according to the evaluation results.
The disproportional analysis method used in this study has many advantages in pharmacovigilance studies, although it also has certain limitations. First of all, ADR signals detected by disproportional analysis indicate that there is a statistical association between adverse drug reaction events, which has a certain suggestive effect, however, the determination of causality needs further clinical studies to verify. Second, this approach is unable to include all factors in the analysis, due to the spontaneity of the reporting system and the absence of partial information. Third, although the OpenVigil 2.1 software provides an easy way to access, extract, and analyze the open FDA interface, it does not take dosage into account. Finally, reports of adverse reactions to both drugs came mainly from the United States, with limited reports from Asian populations. Further research is needed to determine whether there are differences in adverse effects between different ethnic groups.
CONCLUSION
The results of our study highlighted the adverse reactions and potential safety issues of PFD and NDN. The findings included associations of PFD with eye disorders and NDN with cardiovascular disorders, which were rarely mentioned or not reported in the medicine specification and previous reports. In addition, liver injury was more frequently associated with NDN than with PFD. Clinicians and regulators should pay more attention to the signals of related adverse reactions that occur frequently. These findings should be validated to guide clinicians, regulators, and the industry to focus on the most relevant signals beyond the information already contained in product characteristic summaries. Our research results could help clinicians identify the risks related to clinical drug use in the future and guide the rational and safe use of NDN and PFD. Further detailed analyses are required characterize the nature of the identified signals and investigate other correlations.
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