[image: image1]Which is the top player for the cardiovascular safety? ibrutinib vs. obinutuzumab in CLL

		ORIGINAL RESEARCH
published: 16 August 2023
doi: 10.3389/fphar.2023.1229304


[image: image2]
Which is the top player for the cardiovascular safety? ibrutinib vs. obinutuzumab in CLL
Annamaria Mascolo1,2†, Raffaella Di Napoli1,2*†, Nunzia Balzano1,2†, Elena D’Alessio3, Imma Izzo1,2, Francesco Rossi1,2, Giuseppe Paolisso4, Annalisa Capuano1,2‡ and Liberata Sportiello1,2‡
1Campania Regional Centre for Pharmacovigilance and Pharmacoepidemiology, Napoli, Italy
2Department of Experimental Medicine—Section of Pharmacology “L. Donatelli”, University of Campania “Luigi Vanvitelli”, Napoli, Italy
3Pharmacy Unit, Ospedale del Mare—A.S.L. Na1-Centro, Naples, Italy
4Department of Advanced Medical and Surgical Sciences, University of Campania “Luigi Vanvitelli”, Naples, Italy
Edited by:
Chen Ling, Fudan University, China
Reviewed by:
Versha Banerji, University of Manitoba, Canada
Bartosz Puła, Institute of Hematology and Transfusiology (IHT), Poland
* Correspondence: Raffaella Di Napoli, raffaella.dinapoli@unicampania.it
†These authors have contributed equally to this work and share first authorship
‡These authors have contributed equally to this work and share last authorship
Received: 26 May 2023
Accepted: 07 August 2023
Published: 16 August 2023
Citation: Mascolo A, Di Napoli R, Balzano N, D’Alessio E, Izzo I, Rossi F, Paolisso G, Capuano A and Sportiello L (2023) Which is the top player for the cardiovascular safety? ibrutinib vs. obinutuzumab in CLL. Front. Pharmacol. 14:1229304. doi: 10.3389/fphar.2023.1229304

Introduction: Ibrutinib, a Bruton’s tyrosine kinase (BTK) inhibitor, is authorized for the treatment of chronic lymphocytic leukemia (CLL). This study aims to explore the cardiac safety profile of ibrutinib in comparison with obinutuzumab.
Methods: A retrospective pharmacovigilance study was conducted on data retrieved from the European pharmacovigilance database (Eudravigilance) from 1 January 2014 to 30 September 2022. To compare the reporting frequency of cardiovascular events among ibrutinib, obinutuzumab, and the combination of both.
Results: A total of 2 291 CV cases were retrieved, of which 1965 were related to ibrutinib, 312 to obinutuzumab, and 14 to the combination. Most cases referred to patients aged ≥65 years (N = 1,454; 63.47%) and male (N = 1,497; 65.34%). Most cases were serious (N = 2,131; 93.02%). The most reported events were: atrial fibrillation (N = 913; 31.31%) and haemorrhage (N = 201; 6.89%). A higher reporting frequency of CV events was found when ibrutinib was compared to obinutuzumab (ROR, 3.22; 95% CI, 2.89-3.60) or combination (ROR, 1.77; 95% CI, 1.11-2.83). A lower reporting was observed when obinutuzumab was compared to combination (ROR, 0.55; 95% CI, 0.34-0.88).
Discussion: A higher reporting frequency of CV events in patients exposed to ibrutinib in comparison with obinutuzumab was found. Further studies are needed to better explore the safety of ibrutinib.
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1 INTRODUCTION
Chronic lymphocytic leukemia (CLL) is the most common type of blood cancer in adults characterized by specific genomic alterations that affect B-cells proliferation and apoptosis (Maddocks and Jones, 2016; Burger et al., 2019). Frontline therapies for CLL include chemoimmunotherapy regimens, monoclonal CD20 antibodies, inhibitors of the Bruton’s tyrosine kinase (BTK), and inhibitor of the B-cell lymphoma 2 (BCL2) protein (Eichhorst et al., 2021). Among them, BTK inhibitors represent a promising therapeutic strategy demonstrating a positive clinical impact in patients with CLL. Indeed, BTK is a kinase downstream of the B-cell receptor (BCR) signalling pathway that, when inhibited, negatively influences the B-cell differentiation, migration, and proliferation (Maddocks and Jones, 2016). Ibrutinib, a potent oral first-in-class BTK inhibitor, is authorized in Europe since 2014 for the treatment of adult patients with previously untreated CLL or who received at least one prior therapy for CLL (European Medicines Agency (EMA), 2019). Despite its efficacy, it has been associated with the onset of clinically significant adverse events, such as diarrhoea, arthralgia, haemorrhage, infection, cardiac arrhythmia, and hypertension (Broccoli et al., 2021). Among them, cardiovascular (CV) events have become of particular concern over the years. Clinical trials highlighted the occurrence of cardiac events, such as hypertension and atrial fibrillation, following the administration of ibrutinib in adult patients with CLL (Caldeira et al., 2019). A real-world study also showed a higher reporting of cardiac conduction abnormalities, haemorrhagic events, heart failure, and hypertension (Salem et al., 2019). Moreover, ventricular arrhythmias and sudden deaths have been associated with the administration of ibrutinib, with an estimated incidence rate of sudden death of 788 events per 100,000 person-years (Lampson et al., 2017). Generally, toxicity rates of ibrutinib did not significantly differ between drug doses (Uminski et al., 2019). An analysis of real-world data from the World Health Organization pharmacovigilance database revealed potentially relevant risk factors for ibrutinib-associated cardiac events, including the advanced age (<75 years and >75 years) and the history of cardiac co-morbidities (Allouchery et al., 2021). Considering the clinical significance of these events, the European Medicines Agency (EMA) published a direct healthcare professional communication (DHPC) with the aim of minimizing the cardiac risk and informing about the main factors contributing to ibrutinib-related cardiotoxicity (European Medicines Agency EMA, 2022). Indeed, alternative drugs may be considered in patients with risk factors for cardiac events. However, the evidence comparing the safety of ibrutinib with other CLL effective treatments in real-life settings is meagre, especially on long-term clinical evaluation. Therefore, we decided to conduct a European pharmacovigilance study to further explore the cardiac safety profile of ibrutinib in comparison with another recommended drug for CLL, the anti-CD20 obinutuzumab.
2 MATERIALS AND METHODS
2.1 Study design
A retrospective pharmacovigilance study comparing the CV safety profile of ibrutinib with obinutuzumab in CLL.
2.2 Data source
The European pharmacovigilance database (Eudravigilance, EV), available at www.adrreports.eu, was used to retrieve Individual Case Safety Reports (ICSRs) from 1 January 2014 to 30 September 2022. The EV is a database managed by the EMA to organize and analyse ICSRs related to medicines or vaccines authorized or under investigation in clinical trials in the European Economic Area (EEA). Healthcare professionals (HCP) or non-HCP can spontaneously report an ICSR to an EU national competent authority or a marketing authorization holder responsible for their entering in EV.
2.3 ICSRs selection
ICSRs were selected by using the line listing function of EV for the suspected drugs ibrutinib or obinutuzumab. A suspected drug is a drug taken by the patient and suspected by the reporter to have determined the adverse reactions. It is different from a concomitant drug, which is any medicine taken by the patient at the time the adverse reaction is observed, but not responsible for the reaction itself. ICSRs selection was restricted to only cases with ibrutinib or obinutuzumab used for CLL. CV ICSRs were identified based on the presence of at least one CV event. CV events were identified by using the System Organ Classes (SOCs) of the Medical Dictionary for Regulatory Activities (MedDRA): “Cardiac disorders” and “Vascular disorders.” ICSRs were grouped based on the suspected drug into: “cases with ibrutinib,” “cases with obinutuzumab,” or “cases with both ibrutinib and obinutuzumab (here on indicated as combination).”
2.4 Descriptive analysis
ICSRs were analyzed for patient’s characteristics (age group and sex), seriousness of the case, type of reporter (HCP or non-HCP), primary Source Country for regulatory purposes (EEA or non-EEA), number of reported suspected drugs (classified as 1, 2, 3 or ≥4) and concomitant drugs (classified as 0, 1, 2, 3 or ≥4). The 1, 2, 3, or ≥4 were the numbers of suspected or concomitant drugs reported in each ICSRs. The 0 was attributed when no concomitant drug was reported. CV ICSRs were also described for the presence of “sudden death” among reported Preferred Term (PT). All CV events were tabled for ibrutinib, obinutuzumab, and combination and described in terms of PT, outcome and seriousness. According to MedDRA, each PT was a specific medical concept indicative of a symptom, sign, or diagnosis, and it was subordinate to a higher level, defined as “High-Level Group Terms” (HLGTs). The seriousness was classified in accordance with the International Council on Harmonization E2D guidelines. An event was serious if resulting in death, hospitalization or its prolongation, severe or permanent disability, or congenital abnormalities/birth deficits, as well as if it was life-threatening or a clinically relevant condition. The outcome was classified as “recovered/resolved,” “recovering/resolving,” “recovered/resolved with sequelae,” “not recovered/not resolved,” “fatal,” and “unknown.” The annual reporting trend of CV ICSRs and the annual percentage change were also computed to see possible differences during COVID-19 pandemic. The annual trends and the annual percentage changes were estimated overall, for ibrutinib, and obinutuzumab. Spontaneous reporting trends were also calculated for fatal outcomes.
2.5 Disproportionality analyses
To compare the reporting frequency of the overall CV events among ibrutinib, obinutuzumab, and the combination of both, the Reporting Odds Ratio (ROR), its 95% Confidence interval (95%CI), and the chi-square test were computed. Moreover, the RORs and their 95%CI were also calculated for the four overall most reported CV events. Finally, the RORs and their 95%CI were computed to evaluate the reporting frequency of overall CV events and four most reported events between age groups (≥65 years vs. < 65 years) among ibrutinib ICSRs. Disproportionality analyses were performed only if at least 3 events were reported for each treatment. A 5% significance level was considered for all analyses. RORs were displayed with forest plots performed by using R (version 3.2.2, R Development Core Team).
3 RESULTS
3.1 Descriptive results
During study period, a total of 12,631 ICSRs reporting ibrutinib or obinutuzumab (8,302 for ibrutinib, 4,252 for obinutuzumab, and 77 for combination) as suspect drug in CLL patients were sent to the Eudravigilance database (data not shown). Among these ICSRs, a total of 2,291 CV ICSRs were retrieved, of which 1,965 were related to ibrutinib, 312 to obinutuzumab, and 14 to the combination (ibrutinib/obinutuzumab). The annual spontaneous reporting trend showed the highest peak in 2015, followed by a constant pattern between 2016-2020. However, there was an increase of spontaneous reporting in 2021 compared to 2020 (+86.0%; Figure 1). This trend was mainly driven by ibrutinib reporting (Supplementary Figure S1), while for obinutuzumab a decreased reporting was observed during years 2020-2021 (Supplementary Figure S2). Most ICSRs referred to patients aged ≥65 years (N = 1,454; 63.47%) and male (N = 1,497; 65.34%). Most ICSRs were serious (N = 2,131; 93.02%) and reported by HCPs (N = 1,930; 84.24%). The 66% of ICSRs reported only ibrutinib or obinutuzumab as suspected drug and the 56.70% did not report any concomitant medication. Venetoclax and/or chlorambucil were reported as suspected drugs in 146 ICSRs (6.4%), and as concomitant drugs in 54 ICSRs (2.4%). Specifically, for suspected drugs, 22 ICSRs related to ibrutinib and 60 related to obinutuzumab reported chlorambucil; 52 ICSRs related to ibrutinib and 11 related to obinutuzumab reported venetoclax; 1 ICSRs related to both ibrutinib and obinutuzumab reported venetoclax. For concomitants, 43 ICSRs related to obinutuzumab and 3 ICSRs related to ibrutinib reported chlorambucil; 6 ICSRs related to ibrutinib and 1 related to obinutuzumab reported venetoclax; 1 ICSRs related to ibrutinib reported both venetoclax and chlorambucil. Characteristics of CV ICSRs for ibrutinib, obinutuzumab or the combination are reported in Table 1. Among ICSRs, a total of 2,916 CV events were identified with a mean number of 1.27 events per ICSRs. Only one case reported sudden death associated with ibrutinib administration, and no case was found for obinutuzumab. Analyzing data by MedDRA HLGTs, the majority of CV events were categorized as “Cardiac arrhythmias” (N = 1,344; 46.09%), “Vascular haemorrhagic disorders” (N = 326; 11.18%), “Decreased and nonspecific blood pressure disorders and shock” (N = 193; 6.62%), and “Vascular hypertensive disorders” (N = 192; 6.58%). Most events occurred with ibrutinib alone (N = 2,514; 86.21%), followed by obinutuzumab alone (N = 383; 13.13%) and combination (N = 19; 0.65%). Overall, the four most reported events were: atrial fibrillation (N = 913; 31.31%), haemorrhage (N = 201; 6.89%), hypertension (N = 173; 5.93%), and hypotension (N = 160; 5.49%). CV events are listed in Table 2 and Supplementary Table S1. Moreover, hypotension was reported in 160 ICSRs as “hypotension” and in 8 ICSRs as “orthostatic hypotension”. Among these cases, we seek for concomitant medications. We found 470 concomitant drugs, of which 117 belongs to the Anatomical-Therapeutic-Chemical (ATC) code “Cardiovascular system” (ATC code: C). Diphenhydramine was concomitantly reported in only two cases (1 for ibrutinib and 1 for obinutuzumab). A total of 2,691 (92.28%) CV events met seriousness criteria. The criterion most reported was other medically important condition (41.12%), followed by caused/prolonged hospitalization (33.88%), results in death (10.91%), life threatening (5.80%), and disabling (0.57%). The outcome was reported for 1,681 (57.65%) CV events and was positive (recovered/resolved or recovering/resolving) for 993 events (34.05%). However, 10.91% of CV reactions had a fatal outcome. Analyzing the annual reporting trend of fatal outcomes, there was a highest increase in 2021 (+346.7%, data shown in Supplementary Figure S3). Nevertheless, only 6 ICSRs reported also COVID-19 infection as ADR of which 3 cases had a fatal outcome. Specifics of seriousness and outcome criteria are reported in Table 3.
[image: Figure 1]FIGURE 1 | Trends of cardiovascular spontaneous reporting from EudraVigilnce database between 1 January 2014 and 30 September 2022.
TABLE 1 | Distribution for age group, sex, seriousness, primary source, primary source country for regulatory purposes, presence of other suspected or concomitant drugs among Individual Case Safety Reports (ICSRs) related to cardiac and vascular events in patients treated with ibrutinib and/or obinutuzumab reported in Eudravigilance from January 1st. 2014 to September 30st. 2022.
[image: Table 1]TABLE 2 | Cardiovascular events categorized by HLGTs listed in ICSRs with ibrutinib and/or obinituzumab as suspected drug and reported in Eudravigilance from January 1st. 2014 to September 30st. 2022.
[image: Table 2]TABLE 3 | Distribution for seriousness and outcomes of cardiovascular events reported in ICSRs with ibrutinib and/or obinutuzumab as suspected drug.
[image: Table 3]3.2 Results from disproportionality analyses
A higher reporting frequency of CV events was found when ibrutinib was compared to obinutuzumab (ROR, 3.22; 95%CI, 2.89-3.60) or combination (ROR, 1.77; 95%CI, 1.11-2.83), while a lower reporting was observed when obinutuzumab was compared to combination (ROR, 0.55; 95%CI, 0.34-0.88) (Figure 2).
[image: Figure 2]FIGURE 2 | Reporting Odds Ratios (RORs) of cardiovascular events comparing ibrutinib vs. obinituzumab, and ibrutinib or obinituzumab vs. combination of both.
In the analyses of specific CV events, ibrutinib was associated with a higher reporting frequency of atrial fibrillation (ROR, 17.41; 95%CI, 11.60-26.13), haemorrhage (ROR, 22.63; 95%CI, 8.41-60.91), and hypertension (ROR, 2.00; 95%CI, 1.36-2.94), but not hypotension (ROR, 0.22; 95%CI, 0.15-0.30), when compared to obinutuzumab (Figure 3).
[image: Figure 3]FIGURE 3 | Reporting Odds Ratios (RORs) of atrial fibrillation, haemorrhage, hypertension, hypotension comparing ibrutinib vs. obinituzumab.
In the comparison with combination (Figure 4), only atrial fibrillation was reported at least 3 times with a higher reporting frequency with ibrutinib (ROR, 2.90; 95%CI, 1.08-7.80) and a lower reporting frequency with obinutuzumab (ROR, 0.17; 95%CI, 0.06-0.48).
[image: Figure 4]FIGURE 4 | Reporting Odds Ratios (RORs) of atrial fibrillation comparing ibrutinib or obinituzumab vs. combination of both.
Patients aged ≥65 years had a higher reporting frequency of the overall CV events (ROR, 1.43; 95%CI, 1.28-1.60), atrial fibrillation (ROR, 1.78; 95%CI, 1.46-2.16), and haemorrhage (ROR, 2.01; 95%CI, 1.29-3.13), while no difference was found for hypertension and hypotension (ROR, 1.18; 95%CI, 0.78-1.79 and ROR, 1.17; 95%CI, 0.59-2.29) (Figure 5).
[image: Figure 5]FIGURE 5 | Reporting Odds Ratios (RORs) of cardiovascular events, atrial fibrillation, haemorrhage, hypertension, and hypotension comparing the age groups ≥65 years vs. < 65 years among ibrutinib ICSRs.
4 DISCUSSION
The purpose of this study was to compare the CV toxicity of ibrutinib, the first BTK inhibitor, with obinutuzumab, an anti-CD20 of next-generation, in patients affected by CLL. To this aim, we analysed the data reported in the European spontaneous reporting database during almost a decade (from 2014 to 2022). This database gave us the opportunity to assess the CV profile of these two drugs in European Countries, where CLL-related incidence cases increased significantly from 134.28 (123.30–142.03) in 1990 to 275.60 (235.01–338.18) in 2019, with age-standardized incidence rate (ASIR) rising from 3.49/100,000 (3.21–3.69) individuals in 1990 to 6.32/100,000 (5.39–7.75) individuals in 2019 (Western Europe) (Yao et al., 2022).
Although the spontaneous reporting systems are often suffering from incomplete information, we considered all 2,291 reports retrieved from EV because they contained minimum relevant information for the evaluation process.
The annual spontaneous reporting trend showed an increase of spontaneous reporting in 2021 compared to 2020, probably mainly referred to COVID-19 pandemic. This trend mainly driven by ibrutinib suggested a possible role for COVID-19 in precipitating ibrutinib-associated cardiac toxicity. On the contrary, for obinutuzumab a decreased reporting was observed during years 2020-2021, probably due to the lower probability of causing cardiac events and to the peculiar route of administration (intravenous) that requires a specialized environment under the supervision of a Medical Doctor, which was of difficult access during the pandemic.
It is important to underline that the role of the reporters in communicating adverse drug reactions (ADRs) is unavoidably different according with their competency or reporter category (Richard and Roy, 1986; Hunt and Gjoka, 2003; van Grootheest and de Jong-van den Berg, 2004; Blenkinsopp et al., 2007; Parretta et al., 2014). In fact, HCPs can directly or indirectly report a diagnosis or detailed clinical symptoms and signs, whereas non-HCPs such as patients are obviously only able to describe the events. Anyhow, apart from the different professional competence, the active participation to a pharmacovigilance system implies the awareness by any HCP about the occurrence of adverse drug events and the acquirement of a reporting culture (Rafaniello et al., 2016; Scavone et al., 2016; Sessa et al., 2016; 2017). More than 80% of the ICSRs related to ibrutinib and/or obinutuzumab were sent by HCPs. This finding is in line with the closely supervision by specialists in oncology and the particular route of administration for obinutuzumab (intravenous infusion) that requires particular settings where resuscitation equipment is readily available. However, given the oncological conditions of these patients, the 15.76% of their contribution in the reporting is relevant and, according with EMA regulations, it underlines the role of patients as key elements of a pharmacovigilance system and the importance of improving their involvement (European Commission, 2010; Eurpean Commission, 2010).
Most ICSRs (63.47%) involved patients with age more than 65 years and this is in line with the median age of 72 years at the CLL diagnosis (Eichhorst et al., 2021), and the increase of cardiovascular risk with ageing (Kjeldsen, 2018).
Regarding the distribution of ICSRs by sex, we found a higher percentage (more than 60% for both drugs) of male patients experiencing CV events related to these drugs, which seems to be in contrast with the literature data reporting a higher risk of ADRs for women, mainly due to sex-related factors in the pharmacokinetics and pharmacodynamics of drugs (Rademaker, 2001; Zopf et al., 2008). However, more male than female patients (1.9:1) are affected by CLL, and this sex effect seems to be stable across all ethnicities (National Cancer Institute, 2022).
Other suspected and concomitant drugs were reported in almost 35% and 44% of ICSRs, respectively. These data are not surprising considering that oncological patients usually require multiple cancer treatments (Schleicher et al., 2018; Elbeddini et al., 2021). Venetoclax and chlorambucil are widely used in association with obinutuzumab for CLL. The regimen chlorambucil and obinutuzumab is well established and showed efficacy in CLL patients, especially in those who are elderly or with comorbidities. More recently, venetoclax plus obinutuzumab was found superior in terms of progression free survival to chlorambucil plus obinutuzumab. Moreover, these fixed duration therapies are safer than continuous ibrutinib monotherapy (Fischer et al., 2019). However, we found these drugs reported as suspected or concomitant in only 200 ICSRs, corresponding to 8.7% of CV cases.
Therefore, the role of the other medications or comorbidities in the occurrence of CV events could not be excluded. Anyway, no causality assessment between drug administration and the onset of CV event has been performed. Thus, our data are limited by the absence of a final case-by-case evaluation for causality. The lack of information on comorbidities also limited our data and analyses. Patients with CLL often are affected by other diseases, including CV comorbidities (such as heart failure, hypertension, cardiomyopathy, arrhythmia, etc.), that can influence the type of drug to be administered. Moreover, this limitation affects even more any conclusion on CV comorbidities, if we consider that clinical trials typically do not enrol frail patients with significant CV risks. Thus, limiting the comprehension of the relationship between CV comorbidities and ibrutinib-related CV events in clinical practice (Mato et al., 2023). Therefore, real-world studies are needed to also consider patients’ CV comorbidities in the safety analyses of different therapies. Nowadays, current guidelines suggest to prefer obinutuzumab in unfit patients with CV comorbidities (Eichhorst et al., 2021).
More than 90% of CV events related to ibrutinib, obinutuzumab, or their combination were reported as serious and, when the information was filled in, they resulted in complete resolution and improvement. However, our findings also highlighted that in more than 10% of cases there was a fatal outcome, with a peak of reporting in the 2021. This is in line with the major number of spontaneous reporting recording in this year and could be linked with the COVID-19 pandemic period. Obviously, the underlying severe medical condition of these patients could also explain this outcome. However, the real severity of CLL and its clinicopathological characteristics were not available from ICSRs, thus limiting a complete evaluation of our safety data. Indeed, clinicopathological features of CLL, such as levels of β2-microglobulin, ZAP-70 and CD38 expressions, mutation status of the immunoglobulin heavy chain variable region (IGHV), and other genetic mutations, are recognized to influence the disease prognosis and could be linked to the fatal outcome (Shuai et al., 2020). In literature, fatal events related to ibrutinib were reported (Salem et al., 2019). Besides the association with drug exposure, we did not know additional risk factors due to limited information reported in our ICSRs.
More ICSRs related to ibrutinib (n = 8,302) than obinutuzumab were reported in the EV database (n = 4,252), apart from their combination. This finding could depend on the different usage of these drugs. Despite the lack of data on their use in Europe; we can look from Italian data as a reference. In fact, the last National Report on Medicines use in Italy (years 2020-2021) confirms that the expenditure and consumption of ibrutinib (with 12.4% and 16.5% respectively; supplied by public health facilities) were higher than obinutuzumab (with 0.9% and 2.5% respectively; used in hospitals) among the list of the first 30 orphan medicines. Specifically, ibrutinib was in the second position while obinutuzumab in the twenty-eighth one (Italian Medicine Agency AIFA, 2022).
From our analyses, ibrutinib showed a higher reporting probability of ICSRs with events belonging to the SOC “Cardiac disorders” and “Vascular disorders” compared with obinutuzumab. In particular, a grow incidence of atrial fibrillation, ventricular arrhythmias and sudden death with BTK inhibitors was identified in the literature (Lampson et al., 2017; Salem et al., 2019; Christensen et al., 2022). This might be a drug class effect linked with the inhibition of both BTK-mediated pathways and multiple off-target kinases (Palma et al., 2021). Although data support the increased CV toxicity with BTKis as a class effect, newer inhibitors appear to have lower CV risk than ibrutinib due to their higher selectivity for BTK. However, this aspect has to be deepened furtherly. To our knowledge, no other studies have previously compared the risk of CV events between ibrutinib and obinutuzumab. However, the safety profile of these drugs needs to be viewed in a larger context, in which we have two different therapeutic regimens used in clinical practice. On one hand, the continuous therapy with BTK inhibitors and, on the other hand, the time-limited therapy with obinutuzumab and venetoclax/chlorambucil. Indeed, the continuous long-term administration of BTK inhibitors can favor the onset of adverse events or drug resistance (Burger, 2019). Evidence generally supported the use of time-limited obinutuzumab and venetoclax/chlorambucil over BTK inhibitors monotherapy as first therapy, considering the similar efficacy, the lower costs, and the lower adverse events (Bennett et al., 2023). However, the easier oral administration with BTK inhibitors may impede the consideration of aforementioned aspects.
The onset of CV events may limit the duration of the optimal care leading to treatment discontinuation with the risk of worsening of CLL and life-threatening CV outcomes. However, despite over a decade of research, the biological mechanisms underlying ibrutinib cardiotoxicity remain unclear. Dong et al. hypothesized multiple mechanisms with both on- and off-target effects of ibrutinib (Dong et al., 2022).
Recent studies found plausible mechanisms that may be behind the association between ibrutinib and cardiovascular adverse events, such as hypertension and atrial fibrillation. Ibrutinib has been demonstrated to inhibit the pathway of phosphoinositide 3-kinase (PI3K)/Akt, including indirect downregulation of PI3K (p110α) (McMullen et al., 2014; Dickerson et al., 2019). PI3K (p110α) is a protein with protective effects in the onset of cardiac dysfunction. Indeed, the reduction of PI3K activity (p110α) in atrial samples of patients was related to the development of AF in humans (Pretorius et al., 2009). Moreover, the inhibition of PI3K-(p110α) was related to the development of vascular remodeling and fibrosis (Dickerson et al., 2019).
According to the literature on the first-generation BTK inhibitors, in our analysis the most reported CV events were atrial fibrillation, haemorrhage, and hypertension (44.1%) (Larsson et al., 2022; Tang et al., 2022).
Atrial fibrillation occurs in 5%–16% of patients, most commonly in those with CV risk factors (e.g., older age, male sex, history of atrial fibrillation, hyperlipidaemia, hypertension and valvular heart disease) (Brown et al., 2017; Jiang et al., 2019). Atrial fibrillation is also the most frequent cause for toxicity-related discontinuation of ibrutinib (Xiao et al., 2020). We found a higher reporting of atrial fibrillation with ibrutinib therapy. Accordingly, a retrospective study found a lower development of atrial fibrillation in patients affected by CLL treated with obinutuzumab plus chlorambucil than ibrutinib in spite of a not statistically significant difference (2% vs. 9%, p = 0.0813) (Visentin et al., 2022).
Ibrutinib is even associated with bleeding due to its effect on several distinct platelet signaling pathways. Significant bleeding complications may emerge with concomitant use of anticoagulants or antiplatelets. Limited data are available to help clinicians on the use of ibrutinib in patients at high risk for bleeding. Patients and HCPs should be warned of not using nonsteroidal anti-inflammatory drugs, fish oils, vitamin E, vitamin K antagonists, and aspirin-containing products, and consider the substitution of ibrutinib with another drug if dual antiplatelet therapy is needed (Shatzel et al., 2017).
Hypertension is another of the most common CV event with ibrutinib, reported in up to 30% of patients in clinical trials and up to 80% of patients in real-world studies (Christensen et al., 2022).
On the contrary, hypotension is most reported with obinutuzumab according to the literature and the Summary of Product Characteristic (SmPC) data that include it among signs of infusion reaction (Evans and Clemmons, 2015; European Medicines Agency (EMA), 2019).
Moreover, a current disproportionality analysis from Food and Drug Administration Adverse Event Reporting System (FAERS) database identified positive signals for 10 CV events related to ibrutinib (supraventricular tachyarrhythmias, haemorrhagic central nervous system vascular conditions, ventricular tachyarrhythmias, cardiac failure, ischaemic central nervous system vascular conditions, cardiomyopathy, conduction defects, myocardial infarction, myocardial infarction disorders of sinus node function, and torsade de pointes/QT prolongation). In this analysis, Zheng et al. reported that the signal for disorders of sinus node function was observed for the first time and it could be a new adverse effect of ibrutinib. Our findings showed only one case associated with the combination ibrutinib/Obinutuzumab (Zheng et al., 2023).
In our analysis, the risk of CV events related to ibrutinib was consistent with that reported in previous studies, with no new CV safety concerns identified. However, we believe that our results can provide important information on the significant risk of CV events related to ibrutinib among real-world CLL patients, outside the setting of clinical trials. In the era of second-generation BTK inhibitors, which seem to induce less frequently cardiotoxicity than the first generation (St-Pierre and Ma, 2022), our findings suggest the need to move towards a better management of ibrutinib-related CV events in the setting of therapy optimization, especially for elderly and frail patients affected by CLL.
5 STRENGTHS AND LIMITS
The main strength of our study is the use of the EV database that allows to detect a wide range of safety cases in treatment with ibrutinib or/and obinutuzumab for a rare disease such as CLL. Moreover, the use of pharmacocovigilance data is of free access and helpful to better characterize the drug safety profile.
Several limits need to be identified for the EV analysis. Some suspected CV cases may not be reported to the national drug authorities, and therefore not submitted to EV (underreporting).
Another limitation is the possibility of a non-homogeneous and incomplete information reported in ICSRs (lack of information on age, drug dosing, comorbid conditions, and concomitant drugs), without also the possibility to check for clinical or laboratory tests that can help to justify the reported diagnosis. A relevant limit of the study is the lack of a clinical context around the events reported. In fact, considering our data source, the analyses could not include initial patient comorbidities or CLL clinicopathological characteristics. Moreover, we cannot retrieve information on the exact dates of administration and development of the event. Therefore, no time to event was computable. Finally, the exact denominator of patients exposed to ibrutinib or obinutuzumab cannot be considered in EV. Instead, the total number of events for each drug can be used as a denominator for disproportionality analyses in pharmacovigilance databases. Although the two drugs have been centrally authorized by EMA in the same year (2014), in absence of consumption and prescription data, we cannot exclude that differences in the number of ICSRs and in the RORs were due to differences in their consume.
6 CONCLUSION
Although the limitations of spontaneous reporting system (e.g., underreporting, reporting bias) should be considered, our experience regarding the analysis of ICSRs reported in EV has allowed us to confirm, according to what reported in literature, a higher ROR of CV events, especially atrial fibrillation, haemorrhage, and hypertension, in patients exposed to ibrutinib in comparison to another pharmacological treatment for CLL (Obinutuzumab).
Our results have demonstrated that 24% and 7% of all ICSRs reporting ibrutinib or obinutuzumab described the occurrence of CV events. Moreover, most reported CV events were serious and were associated with male sex. Indeed, such CV adverse events may have a strong impact on the quality of life of oncological patients, taking account that the majority is also elderly. Thus, we believe that the pharmacovigilance activities can play a key role in the re-definition of the risk/benefit profile of ibrutinib (and/or of its class) over the time, if the CV toxicity should significantly increase.
Moreover, further research is needed to understand, explain and manage correctly CV events related to ibrutinib within an overall healthcare management of patients affected by CLL. This approach is important to avoid the early discontinuation and the preclusion of a revolutionary treatment for both naïve or relapsed/refractory CLL patients.
DATA AVAILABILITY STATEMENT
The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://www.adrreports.eu/it/search.html.
ETHICS STATEMENT
Ethical approval was not required for the study involving humans in accordance with the local legislation and institutional requirements. Written informed consent to participate in this study was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
Conceptualization, AC and LS; Formal analysis, AM, RD, and NB; Investigation, AM, RD, and NB; Methodology, AM, RD, and NB; Supervision, FR, GP, AC, and LS; Validation, II, EA, FR, and GP; Writing–original draft, AM, RD, and NB; Writing–review and editing, II, EA, FR, GP, AC, and LS. All authors contributed to the article and approved the submitted version.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2023.1229304/full#supplementary-material
REFERENCES
 Allouchery, M., Tomowiak, C., Lombard, T., Pérault-Pochat, M. C., and Salvo, F. (2021). Safety profile of ibrutinib: an analysis of the WHO pharmacovigilance database. Front. Pharmacol. 12, 769315. doi:10.3389/FPHAR.2021.769315
 Bennett, R., Anderson, M. A., and Seymour, J. F. (2023). Unresolved questions in selection of therapies for treatment-naïve chronic lymphocytic leukemia. J. Hematol. Oncol. 16, 72. doi:10.1186/S13045-023-01469-7
 Blenkinsopp, A., Wilkie, P., Wang, M., and Routledge, P. A. (2007). Patient reporting of suspected adverse drug reactions: a review of published literature and international experience. Br. J. Clin. Pharmacol. 63, 148–156. doi:10.1111/J.1365-2125.2006.02746.X
 Broccoli, A., Argnani, L., Morigi, A., Nanni, L., Casadei, B., Pellegrini, C., et al. (2021). Long-term efficacy and safety of ibrutinib in the treatment of CLL patients: areal life experience. J. Clin. Med. 10, 5845. doi:10.3390/JCM10245845
 Brown, J. R., Moslehi, J., O’Brien, S., Ghia, P., Hillmen, P., Cymbalista, F., et al. (2017). Characterization of atrial fibrillation adverse events reported in ibrutinib randomized controlled registration trials. Haematologica 102, 1796–1805. doi:10.3324/HAEMATOL.2017.171041
 Burger, J. A. (2019). Bruton tyrosine kinase inhibitors: present and future. Cancer J. 25, 386–393. doi:10.1097/PPO.0000000000000412
 Burger, J. A., Sivina, M., Jain, N., Kim, E., Kadia, T., Estrov, Z., et al. (2019). Randomized trial of ibrutinib vs ibrutinib plus rituximab in patients with chronic lymphocytic leukemia. Blood 133, 1011–1019. doi:10.1182/BLOOD-2018-10-879429
 Caldeira, D., Alves, D., Costa, J., Ferreira, J. J., and Pinto, F. J. (2019). Ibrutinib increases the risk of hypertension and atrial fibrillation: systematic review and meta-analysis. PLoS One 14, e0211228. doi:10.1371/JOURNAL.PONE.0211228
 Christensen, B. W., Zaha, V. G., and Awan, F. T. (2022). Cardiotoxicity of BTK inhibitors: ibrutinib and beyond. Expert Rev. Hematol. 15, 321–331. doi:10.1080/17474086.2022.2067526
 Dickerson, T., Wiczer, T., Waller, A., Philippon, J., Porter, K., Haddad, D., et al. (2019). Hypertension and incident cardiovascular events following ibrutinib initiation. Blood 134, 1919–1928. doi:10.1182/BLOOD.2019000840
 Dong, R., Yan, Y., Zeng, X., Lin, N., and Tan, B. (2022). Ibrutinib-associated cardiotoxicity: from the pharmaceutical to the clinical. Drug Des. devel. Ther. 16, 3225–3239. doi:10.2147/DDDT.S377697
 Eichhorst, B., Robak, T., Montserrat, E., Ghia, P., Niemann, C. U., Kater, A. P., et al. (2021). Chronic lymphocytic leukaemia: eSMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 32, 23–33. doi:10.1016/J.ANNONC.2020.09.019
 Elbeddini, A., To, A., Tayefehchamani, Y., and Wen, C. X. (2021). Importance of medication reconciliation in cancer patients. J. Pharm. policy Pract. 14, 98. doi:10.1186/S40545-021-00379-8
 European Commission (2010). Directive 84/2010/EC. Off. J. Eur. Union . Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32010L0084&from=EN (Accessed February 17, 2023). 
 European Medicines Agency (EMA) (2019). Annex I summary of product characteristics (imbruvica). Available at: https://www.ema.europa.eu/en/documents/product-information/imbruvica-epar-product-information_en.pdf (Accessed February 17, 2023). 
 European Medicines Agency (EMA) (2022). Imbruvica (ibrutinib): new risk minimisation measures, including dose modification recommendations, due to the increased risk for serious cardiac events | European Medicines Agency. Available at: https://www.ema.europa.eu/en/medicines/dhpc/imbruvica-ibrutinib-new-risk-minimisation-measures-including-dose-modification-recommendations-due (Accessed February 17, 2023). 
 Eurpean Commission (2010). European regulation 1235/2010/EC. Off. J. Eur. Union . Available at: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:348:0001:0016:EN:PDF (Accessed February 17, 2023). 
 Evans, S. S., and Clemmons, A. B. (2015). Obinutuzumab: a novel anti-CD20 monoclonal antibody for chronic lymphocytic leukemia. J. Adv. Pract. Oncol. 6, 370–374. doi:10.6004/JADPRO.2015.6.4.7
 Fischer, K., Al-Sawaf, O., Bahlo, J., Fink, A.-M., Tandon, M., Dixon, M., et al. (2019). Venetoclax and obinutuzumab in patients with CLL and coexisting conditions. N. Engl. J. Med. 380, 2225–2236. doi:10.1056/NEJMOA1815281
 Hunt, J. M., and Gjoka, G. (2003). Nurse reporting of adverse events caused by medicines. Nurs. Times 99, 24–25. Available at: https://europepmc.org/article/MED/14705341 (Accessed February 17, 2023).
 Italian Medicine Agency (AIFA) (2022). National report on medicines use in Italy - year 2021. Available at: https://www.aifa.gov.it/documents/20142/1740782/Rapporto-OsMed-2021_EN.pdf (Accessed February 28, 2023). 
 Jiang, L., Li, L., Ruan, Y., Zuo, S., Wu, X., Zhao, Q., et al. (2019). Ibrutinib promotes atrial fibrillation by inducing structural remodeling and calcium dysregulation in the atrium. Hear. Rhythm 16, 1374–1382. doi:10.1016/J.HRTHM.2019.04.008
 Kjeldsen, S. E. (2018). Hypertension and cardiovascular risk: general aspects. Pharmacol. Res. 129, 95–99. doi:10.1016/J.PHRS.2017.11.003
 Lampson, B. L., Yu, L., Glynn, R. J., Barrientos, J. C., Jacobsen, E. D., Banerji, V., et al. (2017). Ventricular arrhythmias and sudden death in patients taking ibrutinib. Blood 129, 2581–2584. doi:10.1182/BLOOD-2016-10-742437
 Larsson, K., Söderling, J., Höglund, M., Glimelius, I., and Mattsson, M. (2022). Cardiovascular disease in patients with chronic lymphocytic leukemia: a Swedish nationwide register study with matched comparators. Am. J. Hematol. 97, E255–E257. doi:10.1002/AJH.26558
 Maddocks, K., and Jones, J. A. (2016). Bruton tyrosine kinase inhibition in chronic lymphocytic leukemia. Semin. Oncol. 43, 251–259. doi:10.1053/J.SEMINONCOL.2016.02.008
 Mato, A., Tang, B., Azmi, S., Yang, K., Han, Y., Zhang, X., et al. (2023). A real-world study to assess the association of cardiovascular adverse events (CVAEs) with ibrutinib as first-line (1L) treatment for patients with chronic lymphocytic leukaemia (CLL) in the United States. eJHaem 4, 135–144. doi:10.1002/JHA2.638
 McMullen, J. R., Boey, E. J. H., Ooi, J. Y. Y., Seymour, J. F., Keating, M. J., and Tam, C. S. (2014). Ibrutinib increases the risk of atrial fibrillation, potentially through inhibition of cardiac PI3K-Akt signaling. Blood 124, 3829–3830. doi:10.1182/BLOOD-2014-10-604272
 National Cancer Institute (2022). Chronic lymphocytic leukemia — cancer stat facts. Available at: https://seer.cancer.gov/statfacts/html/clyl.html (Accessed February 17, 2023). 
 Palma, M., Mulder, T. A., and Österborg, A. (2021). BTK inhibitors in chronic lymphocytic leukemia: biological activity and immune effects. Front. Immunol. 12, 686768. doi:10.3389/FIMMU.2021.686768
 Parretta, E., Rafaniello, C., Magro, L., Coggiola Pittoni, A., Sportiello, L., Ferrajolo, C., et al. (2014). Improvement of patient adverse drug reaction reporting through a community pharmacist-based intervention in the Campania region of Italy. Expert Opin. Drug Saf. 13 (1), S21–S29. doi:10.1517/14740338.2014.939582
 Pretorius, L., Du, X. J., Woodcock, E. A., Kiriazis, H., Lin, R. C. Y., Marasco, S., et al. (2009). Reduced phosphoinositide 3-kinase (p110alpha) activation increases the susceptibility to atrial fibrillation. Am. J. Pathol. 175, 998–1009. doi:10.2353/AJPATH.2009.090126
 Rademaker, M. (2001). Do women have more adverse drug reactions?Am. J. Clin. Dermatol. 2, 349–351. doi:10.2165/00128071-200102060-00001
 Rafaniello, C., Pozzi, M., Pisano, S., Ferrajolo, C., Bertella, S., Sportiello, L., et al. (2016). Second generation antipsychotics in ‘real-life’ paediatric patients. Adverse drug reactions and clinical outcomes of drug switch. Expert Opin. Drug Saf. 15, 1–8. doi:10.1080/14740338.2016.1229301
 Richard, D. D., and Roy, P. (1986). Adverse drug reactions. The clinician’s role in reporting. Arch. Intern. Med. 146, 649–650. doi:10.1001/ARCHINTE.146.4.649
 Salem, J. E., Manouchehri, A., Bretagne, M., Lebrun-Vignes, B., Groarke, J. D., Johnson, D. B., et al. (2019). Cardiovascular toxicities associated with ibrutinib. J. Am. Coll. Cardiol. 74, 1667–1678. doi:10.1016/J.JACC.2019.07.056
 Scavone, C., Sportiello, L., Rafaniello, C., Mascolo, A., Sessa, M., Rossi, F., et al. (2016). New era in treatment options of chronic hepatitis C: focus on safety of new direct-acting antivirals (DAAs). Expert Opin. Drug Saf. 15, 85–100. doi:10.1080/14740338.2016.1221396
 Schleicher, S. M., Bach, P. B., Matsoukas, K., and Korenstein, D. (2018). Medication overuse in oncology: current trends and future implications for patients and society. Lancet. Oncol. 19, e200–e208. doi:10.1016/S1470-2045(18)30099-8
 Sessa, M., Rafaniello, C., Sportiello, L., Mascolo, A., Scavone, C., Maccariello, A., et al. (2016). Campania region (Italy) spontaneous reporting system and preventability assessment through a case-by-case approach: a pilot study on psychotropic drugs. Expert Opin. Drug Saf. 15, 9–15. doi:10.1080/14740338.2016.1221397
 Sessa, M., Sportiello, L., Mascolo, A., Scavone, C., Gallipoli, S., di Mauro, G., et al. (2017). Campania preventability assessment committee (Italy): a focus on the preventability of non-steroidal anti-inflammatory drugs’ adverse drug reactions. Front. Pharmacol. 8, 305. doi:10.3389/fphar.2017.00305
 Shatzel, J. J., Olson, S. R., Tao, D. L., McCarty, O. J. T., Danilov, A. V., and DeLoughery, T. G. (2017). Ibrutinib-associated bleeding: pathogenesis, management and risk reduction strategies. J. Thromb. Haemost. 15, 835–847. doi:10.1111/JTH.13651
 Shuai, W., Lin, P., Strati, P., Patel, K. P., Routbort, M. J., Hu, S., et al. (2020). Clinicopathological characterization of chronic lymphocytic leukemia with MYD88 mutations: l265P and non-l265P mutations are associated with different features. Blood Cancer J. 10810, 86–11. doi:10.1038/s41408-020-00351-w
 St-Pierre, F., and Ma, S. (2022). Use of BTK inhibitors in chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL): a practical guidance. Blood Lymphat. Cancer 12, 81–98. doi:10.2147/BLCTT.S326627
 Tang, C. P. S., Lip, G. Y. H., McCormack, T., Lyon, A. R., Hillmen, P., Iyengar, S., et al. (2022). Management of cardiovascular complications of bruton tyrosine kinase inhibitors. Br. J. Haematol. 196, 70–78. doi:10.1111/BJH.17788
 Uminski, K., Brown, K., Bucher, O., Hibbert, I., Dhaliwal, D. H., Johnston, J. B., et al. (2019). Descriptive analysis of dosing and outcomes for patients with ibrutinib-treated relapsed or refractory chronic lymphocytic leukemia in a Canadian centre. Curr. Oncol. 26, e610–e617. doi:10.3747/CO.26.4957
 van Grootheest, K., and de Jong-van den Berg, L. (2004). Patients’ role in reporting adverse drug reactions. Expert Opin. Drug Saf. 3, 363–368. doi:10.1517/14740338.3.4.363
 Visentin, A., Mauro, F. R., Catania, G., Fresa, A., Vitale, C., Sanna, A., et al. (2022). Obinutuzumab plus chlorambucil versus ibrutinib in previously untreated chronic lymphocytic leukemia patients without TP53 disruptions: a real-life CLL campus study. Front. Oncol. 12, 1033413. doi:10.3389/FONC.2022.1033413
 Xiao, L., Salem, J. E., Clauss, S., Hanley, A., Bapat, A., Hulsmans, M., et al. (2020). Ibrutinib-mediated atrial fibrillation attributable to inhibition of C-terminal src kinase. Circulation 142, 2443–2455. doi:10.1161/CIRCULATIONAHA.120.049210
 Yao, Y., Lin, X., Li, F., Jin, J., and Wang, H. (2022). The global burden and attributable risk factors of chronic lymphocytic leukemia in 204 countries and territories from 1990 to 2019: analysis based on the global burden of disease study 2019. Biomed. Eng. Online 21, 4. doi:10.1186/S12938-021-00973-6
 Zheng, Y., Guo, X., Chen, C., Chi, L., Guo, Z., Liang, J., et al. (2023). Cardiovascular toxicities of ibrutinib: a pharmacovigilance study based on the United States Food and drug administration adverse event reporting system database. Pharm. (Basel). 16, 98. doi:10.3390/PH16010098
 Zopf, Y., Rabe, C., Neubert, A., Gaßmann, K. G., Rascher, W., Hahn, E. G., et al. (2008). Women encounter ADRs more often than do men. Eur. J. Clin. Pharmacol. 64, 999–1004. doi:10.1007/S00228-008-0494-6
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Mascolo, Di Napoli, Balzano, D’Alessio, Izzo, Rossi, Paolisso, Capuano and Sportiello. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-14-1229304-g005.gif
Events
Cardiovascuar events
Auia briation
Hsemorge
Hypertension
Hypotension

o

l"*

ROR.
143
17
201
118
e

95 c
128160
146216
129313
078179
059229

Pvalue
<000
<000
o2
o33
o854





OPS/images/fphar-14-1229304-t001.jpg
Characteristics Ibrutinib Obinutuzumab  Ibrutinib/Obinutuzumab (n
(n = 1965; (n=312;13.62%) 14; 0.61%)
85.77%) 2291; 100%)
Number of events per ICSR Mean 401 413 871 4.06
Age Group 18-64 years 325 (16.54) 34 (10.90) 7 (50.00) 366 (15.98)
65-85 Years 1097 (55.83) 185 (59.29) 5(3571) 1287 (56.18)
More than 85 Years 156 (7.94) 11 (353) - 167 (7.29)
Not specified 387 (19.69) 82 (26.28) 2(1429) 471 (20.56)
Sex Female 621 (31.60) 102 (32.69) 5(3571) 728 (31.78)
Male 1297 (66.01) 191 (61.22) 9 (64.29) 1497 (65.34)
Not Specified 47 (239) 19 (6.09) - 66 (2.88)
Seriousness of ICSR Serious 1834 (93.33) 283 (90.71) 14 (100.00) 2131 (93.02)
Not serious 131 (6.67) 29 (929) - 160 (6.98)
Primary Source Healthcare 1618 (82.34) 300 (96.15) 12 (85.71) 1930 (84.24)
Professional
Non-Healthcare 347 (17.66) 12 (3.85) 2(1429) 361 (15.76)
Professional
Primary Source Country for European Economic 835 (4249) 154 (49.36) 1(7.1-4) 990 (43.21)
Regulatory Purposes Area
Non-European 1130 (57.51) 158 (50.64) 13 (92.86) 1301 (56.79)
Economic Area
Suspected drug(s) 1 1312 (66.77) 200 (64.10) — 1512 (66.00)
2 386 (19.64) 80 (25.64) 11 (78.57) 477 (2082)
3 145 (7.38) 10 (321) - 155 (6.77)
24 122 (621) 22 (7.05) 3 (2143) 147 (6.42)
Concomitant drug(s) 0 1103 (56.13) 186 (59.62) 10 (7143) 1299 (56.70)
1 117 (5.95) 31 (9.94) 1(7.14) 149 (6.50)
2 119 (6.06) 13 (417) - 132 (5.76)
3 101 (5.14) 17 (5.45) - 118 (5.15)
>4 525 (26.72) 65 (20.83) 3 (2143) 593 (25.88)






OPS/images/fphar-14-1229304-g003.gif
Events
Fasmormags

4 nesn
on oo

palue





OPS/images/fphar-14-1229304-g004.gif
Comparisen ROR 95w prvalue
it Compistion 25 106740 00
Otetom s Combinsion o1 onsoss <o






OPS/images/fphar-14-1229304-t002.jpg
Aneurysms and artery dissections 12 0 12
Arteriosclerosis, stenosis, vascular insufficiency and necrosis 33 6 39
Cardiac arthythmias 1241 9 1344
Cardiac disorders, signs and symptoms NEC 9 18 14
Cardiac valve disorders 17 3 20
| Coronary artery disorders 102 43 146
Decreased and nonspecific blood pressure disorders and shock 73 18 193
Embolism and thrombosis 57 2 61
Heart failures 186 14 201
Lymphatic vessel disorders 14 1 15
Myocardial disorders 65 2 68
Pericardial disorders 97 1 98
Vascular disorders NEC 29 4 70
Vasaular haemorrhagic disorders 321 5 326
Vascular hypertensive disorders 157 33 192
Vaseular infections and inflammations 14 1 15
Venous varices 2 0 2






OPS/images/fphar-14-1229304-t003.jpg
Number of events Number of events with Number of events with Number of

with ibrutinib obinutuzumab ibrutinib/obinutuzumab cardiovascular events
(n = 2514; 86.22%) (n = 383; 13.13%) (n = 19; 0.65%) (n = 2916; 100%)
Seriousness
Not available 176 (7.00) 49 (12.79) - 225 (7.72)
Serious 2338 (93.00) 334 (87.21) 19 (100%) 2691 (92.28)
Seriousness Criteria
Other Medically I 1061 (42.20) 133 (34.73) 5(2632) I 1199 (41.12)
Important Condition
Results in Death 256 (10.18) [ 58 (15.14) | 4(21.05) | 318 (1091)
7 Caused/Prolonged | 862 (34.28) 116 (3029) 10 (52.63) I 988 (33.88)
Hospitalisation
Life Threatening ‘ 142 (5.65) 27 (7.05) - 169 (5.80)
Disabling 17 (0.68) - - 17 (0.57)
Outcome
| Recovered/Resolved 569 (22.63) 158 (41.25) 4(2105) 731 (25.07)
Recovering/Resolving. 246 (9.79) 16 (4.18) - | 262 (8.98)
Recovered/Resolved with 22 (0.88) 3(079) - 25 (0.86)
Sequelae
Not Recovered/Not 327 (13.00) 16 (4.18) 2(1053) 345 (11.83)
Resolved
Fatal 256 (10.18) 58 (15.14) 4(2105) 318 (1091)
Unknown 1094 (43.52) 132 (34.46) 9 (4737) 1235 (42.35)






OPS/xhtml/nav.xhtml
Contents

		Cover

		Which is the top player for the cardiovascular safety? ibrutinib vs. obinutuzumab in CLL		1 Introduction

		2 Materials and methods		2.1 Study design

		2.2 Data source

		2.3 ICSRs selection

		2.4 Descriptive analysis

		2.5 Disproportionality analyses





		3 Results		3.1 Descriptive results

		3.2 Results from disproportionality analyses





		4 Discussion

		5 Strengths and limits

		6 Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Publisher’s note

		Supplementary material

		References









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






OPS/images/fphar-14-1229304-g001.gif





OPS/images/fphar-14-1229304-g002.gif
Comparison
Ovitssmas e Combition

oss

o3ose

Ly
ootz









OPS/images/crossmark.jpg
©

|





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





