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The supplied data from VigiBase come from a variety of sources. The likelihood of a causal

Abstract.

Importance: Abiraterone and enzalutamide are recently approved androgen deprivation therapies (ADT) for metastatic prostate cancer. The cardiac safety profile for the two drugs is unknown.

Abiraterone, with its propensity to hyper-mineralocorticism on top of androgen deprivation, might carry an additional risk for atrial tachyarrhythmias (AT) and heart failure (HF) as compared to other ADT.

Objective: To determine if abiraterone was associated with increased proportion of AT and HF reports among overall suspected adverse drug reactions (ADR) reported in several pharmacovigilance databases as compared to enzalutamide, other ADT and all other drugs. Participants: All individual case safety reports reported in men in these databases.

Main Outcomes and Measures: A disproportionality analysis using reporting odds-ratios (ROR).

Exposures: Exposure to abiraterone versus enzalutamide, or versus other ADT or versus entire database Results: In the 5,759,781 ADR reports in men in VigiBase, 55,070 pertained to ADT. The ROR of atrial tachyarrhythmias (AT) for abiraterone were of 4.1 [3.1-5.3] vs. enzalutamide, 3.7 [3-4.5] vs. other ADT, and 3.2 [2.7-3.7] vs. entire database (p<0.0001 for all). The corresponding ROR for heart failure (HF) were of 2.5 [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF][START_REF] Ryan | Abiraterone in Metastatic Prostate Cancer without Previous Chemotherapy[END_REF], 1.5 [1.3-1.7], and 2[1.7-2.3], respectively (p<0.0001 for all). These results were concordant when using the French and European pharmacovigilance databases. Mean time to AT and HF onset was shorter on abiraterone (5.2±0.8 and 4.5±0.6 months, respectively) vs. other ADT

Introduction

In metastatic prostate cancer, castration by bilateral orchiectomy or by androgen deprivation therapies (ADT) is the standard of care. [START_REF] Parker | Cancer of the prostate: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF] First-line ADT mainly acts at the level of pituitary axis, using gonadotropin-releasing hormone (GnRH) agonists or antagonists (Fig- 1). However, prostate cancer often becomes castration-resistant after several years. [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF] It has recently been demonstrated that, by limiting resurgence of androgen activity at the prostate level, recently-developed compounds abiraterone-acetate and enzalutamide constitute breakthrough ADT that can be added in combination to first-line castration (generally GnRH agonists) to prolong overall survival. [START_REF] Ryan | Abiraterone in Metastatic Prostate Cancer without Previous Chemotherapy[END_REF][START_REF] Scher | Increased survival with enzalutamide in prostate cancer after chemotherapy[END_REF][START_REF] De Bono | Abiraterone and increased survival in metastatic prostate cancer[END_REF][START_REF] Attard | Phase I clinical trial of a selective inhibitor of CYP17, abiraterone acetate, confirms that castration-resistant prostate cancer commonly remains hormone driven[END_REF] Abiraterone-acetate is an inhibitor of androgen and corticosteroid biosynthesis at the adrenal level while enzalutamide is a potent 2 nd generation androgen receptor antagonist (Fig- 1). Low-dose corticosteroids are administered with abiraterone to inhibit any induced excessive adrenocorticotropic (ACTH) production (Fig- 1). This co-prescription is mandatory to limit signs of secondary hyper-mineralocorticism observed in phase-1 trials where abiraterone was given alone and hypertension, hypokalemia and fluid retention were observed. [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF][START_REF] Attard | Phase I clinical trial of a selective inhibitor of CYP17, abiraterone acetate, confirms that castration-resistant prostate cancer commonly remains hormone driven[END_REF] ADT has been associated with heart failure (HF), atrial tachyarrhythmia (AT) and QT prolongation. [START_REF] Martin-Merino | Androgen deprivation therapy and the risk of coronary heart disease and heart failure in patients with prostate cancer: a nested case-control study in UK primary care[END_REF][START_REF] Sharma | Normalization of Testosterone Levels After Testosterone Replacement Therapy Is Associated With Decreased Incidence of Atrial Fibrillation[END_REF][START_REF] Bhatia | Cardiovascular Effects of Androgen Deprivation Therapy for the Treatment of Prostate Cancer: ABCDE Steps to Reduce Cardiovascular Disease in Patients With Prostate Cancer[END_REF][START_REF] Abehsira | Complex Influence of Gonadotropins and Sex Steroid Hormones on QT Interval Duration[END_REF][START_REF] Salem | Influence of steroid hormones on ventricular repolarization[END_REF][START_REF] Barber | Cardiac arrhythmia considerations of hormone cancer therapies[END_REF][START_REF] Salem | Androgenic Effects on Ventricular Repolarization: A Translational Study From the International Pharmacovigilance Database to iPSC-Cardiomyocytes[END_REF][START_REF] Salem | Association of Oral Contraceptives With Drug-Induced QT Interval Prolongation in Healthy Nonmenopausal Women[END_REF][START_REF] Salem | Clinical characterization of men with long QT syndrome and torsades de pointes associated with hypogonadism: A review and pharmacovigilance study[END_REF] Abiraterone, with its propensity to hyper-mineralocorticism on top of androgen deprivation, might carry an additional risk for these cardiac conditions as compared to other ADT. [11, 16-19] Here, we used the French pharmacovigilance database (BNPV, Base Nationale de Pharmacovigilance) through 05/2017 to evaluate if abiraterone was associated with increased reporting for atrial tachyarrhythmias (AT) and heart failure (HF) compared to enzalutamide, and other ADT. Enzalutamide was considered as the best control for abiraterone because both drugs had to be combined with another castration modality (generally GnRH agonists) and shared the same indication and target population at the time of analysis (metastatic castration-resistant prostate cancer, both approved in Europe and USA around the same time period: 2011-2012). Therefore, comparability of groups of prostate cancer patients on abiraterone vs. enzalutamide was expected to be maximal with no difference in background clinical characteristics and co-treatments. If signals were identified for these cardiac adverse drug-reactions (ADR) in the French pharmacovigilance database, it was planned to expand our analysis seeking for signal confirmation using the European pharmacovigilance database and VigiBase, the World Health Organization's (WHO) global database of individual safety case reports (ISCRs). We recently reported that these ADT or tamoxifen substantially increase risk of QT prolongation and Torsade-de-pointes using such pharmacovigilance approach and results are detailed elsewhere. [START_REF] Salem | Hypogonadism as a Reversible Cause of Torsades de Pointes in Men[END_REF][START_REF] Grouthier | Increased long QT and torsade de pointes reporting on tamoxifen compared with aromatase inhibitors[END_REF] 

Methods

We performed a disproportionality (case/non case) analysis that considered reports of suspected ADR in men contained in the French BNPV (01/24/1985-05/16/2017); in the European pharmacovigilance database (12/01/2001-08/18/2017); and in VigiBase (10/01/1967-08/28/2017), [START_REF] Lindquist | the WHO Global ICSR Database System: Basic Facts[END_REF] to evaluate the reporting odds-ratio (ROR) of AT and HF for abiraterone compared to enzalutamide, other ADT and full database. An examination of the association of ADT-induced AT and HF with signs suggestive of hyper-mineralcorticism (e.g. hypokalemia, hypertension and edema) was also performed. Appendix-1 provides more details concerning the methodology used and these databases. [21-25] A case/non-case analysis was performed first for abiraterone versus (vs.) enzalutamide because these drugs shared the same cancer indication and target population at the time of data extraction from the different pharmacovigilance databases. [23-25] Case/non-case analyses were also performed for abiraterone vs. the group of all other ADT and for abiraterone vs. the full database. This method compares the proportion of specific ADR reported for the case versus non-case groups. Reactions are based on the medical dictionary for regulatory activities (MedDRA) classification dictionary of terms for side effects. Disproportionality was estimated by calculating the ROR Chi-square (Supp. Table-1). [START_REF] Grouthier | Increased long QT and torsade de pointes reporting on tamoxifen compared with aromatase inhibitors[END_REF][START_REF] Rothman | The reporting odds ratio and its advantages over the proportional reporting ratio[END_REF] If the proportion of an ADR is greater in patients exposed to a drug (abiraterone) than in patients not exposed to this drug (enzalutamide, all ADT or full database selected as non-case, respectively), this suggests an association between the specific drug and the reaction and is a potential signal for safety. We searched for ADR related to suspected drug-induced AT, HF, hypokalemia, hypertension and edema. Selected MedDRA Terms used for each of these ADR are detailed in Supp.Table - 

Results

Disproportionality analyses

The numbers of total ISCRs reported on abiraterone, enzalutamide, other ADT and across the full database and the subset of those with AT, HF, hypertension, hypokalemia, and edema are detailed in ISCRs related to abiraterone or enzalutamide were similar (Supp. Table 3). Abiraterone was associated with higher reporting rates of AT and HF vs. enzalutamide (ROR: 5.7 [1.3-25.3] and ROR: 4.3 [1.4-12.9]; respectively; p≤0.01 for both, Table-1) and vs. other ADT subgroup (Table 1). Results for hypertension, hypokalemia and edema are detailed in Table 1.

Analysis of the European-database of suspected ADR reports through 08/2017 revealed 4865 ISCRs for abiraterone and 25094 for other ADT (including 12953 for enzalutamide). Abiraterone was associated with higher reporting rates of AT, HF, hypertension, hypokalemia and edema vs.

enzalutamide and vs. other ADT (Table-1).

Analysis of VigiBase reports through to 08/2017 revealed 9203 ISCRs for abiraterone, 45867 for other ADT (including 21189 for enzalutamide) and 5759781 for the full database from >120 countries.

Abiraterone was associated with higher reporting rates of AT, HF, hypertension, hypokalemia and edema vs. enzalutamide (ROR: 4.1[3.1-5.3], ROR: 2.5 [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF][START_REF] Ryan | Abiraterone in Metastatic Prostate Cancer without Previous Chemotherapy[END_REF], ROR: 1.5[1.3-1.8], ROR: 14.5 [10.8-19.8] and ROR: 1.9[1.6-2.2]; respectively; ; p<0.0001 for all, Table 1); vs. other ADT subgroup (ROR: 1). There was no overreporting for AT, nor HF when analyzing enzalutamide vs. other ADT and when analyzing enzalutamide vs. full database (Supp. Table 4). ISCRs with ADR suspected to be due to abiraterone overlapping with at least one other ADT suspected was extremely low (≤1.1%, Fig- 2A).

Clinical characteristics of cases of AT and HF reported on abiraterone

Among the 127 ICSRs reported on abiraterone in the French pharmacovigilance database, 38 cases (30%) were associated with combined AT and HF (n=6, 5%), HF (n=20, 16%) or AT (n=12, 10%); occurring most frequently within the first 3 months of abiraterone introduction (56%, Supp. Table 5). These latter ADR were symptomatic and serious leading to hospitalization (n=31/38, 82%) or death (n=4/38, 10%). Details concerning their clinical presentation, outcome and management are shown in Supp. Table 5. Neurotoxicity and hepatotoxicity were the main other ADR reported on abiraterone (n=15, 11.8% and n=14, 11%, respectively). Only one case of acute coronary syndrome was reported on abiraterone. Patients with HF and/or AT on abiraterone had more prevalent cardiovascular comorbidities, mainly hypertension and HF, than patients with other types of ADR on abiraterone (60.5% vs. 36%, p=0.01 and 13.2% vs. 2.2%, p=0.01, respectively; Table 2). Thus, most patients with HF on abiraterone had de novo HF (85%, n=22/26). Both HF with reduced ejection fraction and preserved ejection fraction were observed (respectively; n=8/12, 66% and n=4/12, 34% of patients with reported echocardiogram characteristics, Supp. Table 5). When available, brain natriuretic peptide was consistently increased in HF cases (n=7/7). All cases of AT were de novo, and often associated with documented hypokalemia (<3.5mmol/L) in 39% (n=7/18). Troponin increase was more frequently reported as being increased in patients with AT or HF on abiraterone vs. other types of ADR (10.5% vs. 1.1%, p=0.03, respectively), but the only case of acute coronary syndrome confirmed by angiography was found in the non-AT/HF subgroup of ADR on abiraterone. AT and/or HF (AT/HF) on abiraterone were frequently associated with hypokalemia, hypertension and edema compared to other types of ADR on abiraterone (26.3% vs. 14.6%, p=0.11; 15.8% vs. 5.6%, p=0.06; 36.8% vs. 5.6%, p<0.0001; Table 2, respectively). To manage these AT/HF, abiraterone was withdrawn in 85% of the patients in addition to AT/HF standard of care (Supp. Table 5). In the two cases where abiraterone was reintroduced, ADR recurred within few weeks.

Details concerning the number of ISCRs with AT, HF, edema, hypertension and hypokalemia on abiraterone (n=1079) vs. other ADT (n=2577) in VigiBase and how these conditions overlap, are shown in Fig- 2A. ADR on abiraterone were more frequently associated with ≥2 terms including hypokalemia, hypertension, edema, AT and/or HF vs. other ADT (13.6% vs. 6%, p<0.0001). Mean time from treatment initiation to HF and AT was shorter on abiraterone (4.5±0.6 and 5.2±0.8 months, respectively) than with other ADT (9.2±1.1 and 13.3±3.2 months, respectively; both p<0.05). Most AT and HF associated with abiraterone appeared within 3 months of introduction (58% and 61%, respectively, Fig- 2B). Reports of AT, HF and hypokalemia with abiraterone were associated with age (r=0.03-0.06, p<0.05) but not with dose of co-prescribed corticosteroids, or with dose of abiraterone (Supp. Fig- 1, Table 3). Reports of edema and hypertension were inversely associated with dose of coprescribed corticosteroids (r=-0.07, and r=-0.12, respectively; both p<0.05).

Discussion

Using an analysis of three pharmacovigilance databases, we show that abiraterone was associated with a higher reporting rate for AT and HF as compared with enzalutamide and other ADT. AT and HF on abiraterone were frequently associated with increases in cardiac biomarkers (BNP and troponin) and concurrent signs of hyper-mineralocorticism, i.e. hypokalemia, hypertension and edema. The onset of the reported AT and HF could be as short as one week; the event mostly occurred within 3 months after abiraterone start. AT and HF on abiraterone generally appeared de novo, but a history of hypertension and heart failure were identified as potential risk factors. The highest dose of corticosteroid (used in combination with abiraterone) was unrelated to reporting of AT or HF, and associated with decreased reporting for other signs of hyper-mineralcorticism as compared to other ADR on abiraterone. This finding limits the potential confounding participation of corticosteroids as factors in the appearance of these side effects. Both HF with preserved and reduced ejection fraction were found. These AT and HF were serious ADR requiring hospitalization and they were mainly managed by abiraterone withdrawal and standard of care interventions to achieve resolution of AT and HF.

Cardiovascular side effects induced by abiraterone in trials and real-life practice

ADT are major treatments to delay tumor development and improve survival in patients with prostate cancer. [START_REF] Parker | Cancer of the prostate: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up[END_REF] However, several randomized controlled trials and observational studies have suggested that ADT increase the risk of cardiovascular events, particularly AT and HF. [START_REF] Martin-Merino | Androgen deprivation therapy and the risk of coronary heart disease and heart failure in patients with prostate cancer: a nested case-control study in UK primary care[END_REF][START_REF] Sharma | Normalization of Testosterone Levels After Testosterone Replacement Therapy Is Associated With Decreased Incidence of Atrial Fibrillation[END_REF][START_REF] Bhatia | Cardiovascular Effects of Androgen Deprivation Therapy for the Treatment of Prostate Cancer: ABCDE Steps to Reduce Cardiovascular Disease in Patients With Prostate Cancer[END_REF][START_REF] Alexandre | Anticancer drug-induced cardiac rhythm disorders: Current knowledge and basic underlying mechanisms[END_REF] It has been recently demonstrated that normalization of testosterone levels after supplementation in a cohort of 76 639 hypogonadic men was associated with a significant decrease in the incidence of AT, [START_REF] Sharma | Normalization of Testosterone Levels After Testosterone Replacement Therapy Is Associated With Decreased Incidence of Atrial Fibrillation[END_REF] suggesting that the underlying mechanism is on-target (testosterone suppression). In HF patients, testosterone supplementation was shown to improve peak-oxygen consumption, 6-minute and shuttle walk-test, independently from ejection fraction variation. [27-29] In addition to androgen deprivation, abiraterone is also responsible for hyper-mineralcorticism, a condition also known to increase incidence of HF and AT. [START_REF] Sharma | Normalization of Testosterone Levels After Testosterone Replacement Therapy Is Associated With Decreased Incidence of Atrial Fibrillation[END_REF][START_REF] Zannad | Eplerenone in patients with systolic heart failure and mild symptoms[END_REF][START_REF] Milliez | Evidence for an increased rate of cardiovascular events in patients with primary aldosteronism[END_REF][START_REF] O'farrell | Risk and timing of cardiovascular disease after androgen-deprivation therapy in men with prostate cancer[END_REF] Therefore, abiraterone was likely to be even more toxic than other ADT in induction of HF and AT. The comparison of abiraterone with enzalutamide in this study is particularly relevant since both drugs shared the same indication and population of patients (metastatic castration-resistant prostate cancer) at the time of ADR reporting covered in this work (through 05/2017 to 08/2017, for the different pharmacovigilance databases). [START_REF] Scher | Increased survival with enzalutamide in prostate cancer after chemotherapy[END_REF] Notably, the indications for abiraterone have recently expanded because of data on overall survival and radiographic progression-free survival in men with newly diagnosed, metastatic, castration-sensitive prostate cancer. [START_REF] Fizazi | Abiraterone plus Prednisone in Metastatic, Castration-Sensitive Prostate Cancer[END_REF] Our data are consistent with a meta-analysis of four randomized phase III trials with a mean followup of 25.2 months, showing that use of drugs inhibiting CYP-17 (abiraterone and orteronel) in combination with prednisone significantly increased the risk of cardiac disorders as compared to placebo plus prednisone (20% vs. 14%; Relative Risk: 1.47[1.27-1.7]) in patients with metastatic castration-resistant prostate cancer. [START_REF] Roviello | Incidence and relative risk of adverse events of special interest in patients with castration resistant prostate cancer treated with CYP-17 inhibitors: A meta-analysis of published trials[END_REF] In patients with metastatic hormone-sensitive prostate cancer, a meta-analysis of two trials with a median follow-up (MFU) of at least 30 months also showed that ADT plus abiraterone was associated with more cardiac disorders as compared to ADT alone (4% vs.

1.2%, Odds-Ratio: 2.93 [1.74-4.93]). [START_REF] Rydzewska | Adding abiraterone to androgen deprivation therapy in men with metastatic hormone-sensitive prostate cancer: A systematic review and meta-analysis[END_REF] In these trials, the contribution of HF to these cardiac disorders was not described. [START_REF] Ryan | Abiraterone in Metastatic Prostate Cancer without Previous Chemotherapy[END_REF][START_REF] De Bono | Abiraterone and increased survival in metastatic prostate cancer[END_REF][START_REF] Fizazi | Abiraterone plus Prednisone in Metastatic, Castration-Sensitive Prostate Cancer[END_REF][START_REF] Fizazi | Abiraterone acetate for treatment of metastatic castration-resistant prostate cancer: final overall survival analysis of the COU-AA-301 randomised, double-blind, placebo-controlled phase 3 study[END_REF][START_REF] Ryan | Abiraterone acetate plus prednisone versus placebo plus prednisone in chemotherapy-naive men with metastatic castration-resistant prostate cancer (COU-AA-302): final overall survival analysis of a randomised, double-blind, placebo-controlled phase 3 study[END_REF][START_REF] James | Abiraterone for Prostate Cancer Not Previously Treated with Hormone Therapy[END_REF] AT incidence was higher in patients with more severe forms of prostate cancer; i.e. metastatic castration-resistant cases with previous chemotherapy as compared to patients with prostate cancer not previously treated with hormone therapy (incidence ranging from 1 to 5%; MFU: 12 to 40 months). [START_REF] Ryan | Abiraterone in Metastatic Prostate Cancer without Previous Chemotherapy[END_REF][START_REF] De Bono | Abiraterone and increased survival in metastatic prostate cancer[END_REF][START_REF] Fizazi | Abiraterone plus Prednisone in Metastatic, Castration-Sensitive Prostate Cancer[END_REF][START_REF] James | Abiraterone for Prostate Cancer Not Previously Treated with Hormone Therapy[END_REF] Patients with clinically significant heart diseases or uncontrolled hypertension were excluded from these trials. Pre-existing cardiovascular conditions are known risk factors of HF and arrhythmias in patients on ADT. [START_REF] O'farrell | Risk and timing of cardiovascular disease after androgen-deprivation therapy in men with prostate cancer[END_REF][START_REF] Haque | Cardiovascular disease risk and androgen deprivation therapy in patients with localised prostate cancer: a prospective cohort study[END_REF][START_REF] Ziehr | Association of androgendeprivation therapy with excess cardiac-specific mortality in men with prostate cancer[END_REF] Our study also suggests that patients with pre-existing hypertension and HT are particularly at risk of developing AT/HF on abiraterone. Almost all ADR extracted from VigiBase were recorded during the postmarketing phase in patients with metastatic castration-resistant prostate cancer.

According to data extracted from the French pharmacovigilance database, troponin and BNP were increased in patients with HF and AT on abiraterone. In a post-marketing study of 17 unselected patients with metastatic castration-resistant prostate cancer, the incidence of serious cardiovascular ADR was higher than expected (n:5/17, 29.4%; time to onset: 2 to 8 months). [START_REF] Campora | Association of Biomarkers with Serious Cardiac Adverse Events during Abiraterone Acetate Treatment in Castration Resistant Prostate Cancer[END_REF] Patients all had preexisting cardiac conditions. NT-proBNP and troponin levels at baseline and follow-up predicted a higher risk of cardiac ADR. Researches in larger cohorts are required to evaluate prognostic value of these biomarkers and to further estimate absolute and relative increased risk of cardiovascular ADR on abiraterone vs. other ADT age-matched population control. It has also been shown that abiraterone trough concentration was associated to prostate cancer response. [START_REF] Carton | Relation between plasma trough concentration of abiraterone and prostate-specific antigen response in metastatic castration-resistant prostate cancer patients[END_REF] Therefore, abiraterone therapeutic drug monitoring might have some value to preserve its efficacy avoiding some concentration-dependent ADR.

Cardiovascular toxicities and abiraterone mechanism of action

The anti-androgenic activity of abiraterone is mediated by decreased extra-gonadal androgen synthesis plus direct androgen receptor antagonism by its metabolite Δ 4 -abiraterone. [START_REF] Li | Conversion of abiraterone to D4A drives anti-tumour activity in prostate cancer[END_REF] At the adrenal level, abiraterone induces 17alpha-hydroxylase/C [START_REF] Zannad | Eplerenone in patients with systolic heart failure and mild symptoms[END_REF][START_REF] Salem | Hypogonadism as a Reversible Cause of Torsades de Pointes in Men[END_REF] -lyase inhibition leading to decreased adrenal androgens and glucocorticoids synthesis. [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF] There is no such effect on glucocorticoid metabolism with other ADT (Fig- 1). Inefficient cortisol synthesis signals the hypothalamic-pituitary axis to increase ACTH. Consequently, the adrenal glands produce excess of mineralocorticoids, hormone precursors that do not require 17alpha-hydroxylase/C [START_REF] Zannad | Eplerenone in patients with systolic heart failure and mild symptoms[END_REF][START_REF] Salem | Hypogonadism as a Reversible Cause of Torsades de Pointes in Men[END_REF] -lyase processes, namely 11deoxycroticosterone (DOC) and corticosterone (Fig- 1). [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF] These hormones lead to hypokalemia, hypertension and fluid overload. Supplementation of patients on abiraterone with corticosteroids is therefore required to prevent excessive ACTH increase. [START_REF] Attard | Clinical and biochemical consequences of CYP17A1 inhibition with abiraterone given with and without exogenous glucocorticoids in castrate men with advanced prostate cancer[END_REF] However, ACTH suppression by this supplementation is variable, leading to inter-individual variability in residual secretion of mineralocorticoid hormone precursors and consequent clinical manifestations. [START_REF] Pia | Strategies for managing ACTH dependent mineralocorticoid excess induced by abiraterone[END_REF] In our study, the highest dose of corticosteroids used in combination with abiraterone were associated with less edema and hypertension. This confirms the importance of corticosteroid supplementation to avoid any excess in the production of hormones with mineralocorticoid activity which are the main cause of cardiovascular toxicities such as hypertension, AT and HF. [START_REF] Milliez | Evidence for an increased rate of cardiovascular events in patients with primary aldosteronism[END_REF][START_REF] Mohammed | Mineralocorticoid accelerates transition to heart failure with preserved ejection fraction via "nongenomic effects[END_REF][START_REF] Edelmann | Serum aldosterone and its relationship to left ventricular structure and geometry in patients with preserved left ventricular ejection fraction[END_REF][START_REF] Reil | Aldosterone promotes atrial fibrillation[END_REF][START_REF] Boccanelli | Anti-remodelling effect of canrenone in patients with mild chronic heart failure (AREA IN-CHF study): final results[END_REF][START_REF] Mayyas | Impact of aldosterone antagonists on the substrate for atrial fibrillation: aldosterone promotes oxidative stress and atrial structural/electrical remodeling[END_REF][START_REF] Schwarzl | A porcine model of early atrial fibrillation using a custom-built, radio transmission-controlled pacemaker[END_REF] Addition of aldosterone antagonist to abiraterone plus corticosteroids, salt deprivation and choosing a corticosteroid with no intrinsic mineralocorticoid activity, have been proposed to prevent abiraterone related cardiovascular toxicities and these strategies deserve further investigation. [START_REF] Pia | Strategies for managing ACTH dependent mineralocorticoid excess induced by abiraterone[END_REF][START_REF] Lammers | Spironolactone prevents aldosterone induced increased duration of atrial fibrillation in rat[END_REF][START_REF] Grossmann | Transactivation via the human glucocorticoid and mineralocorticoid receptor by therapeutically used steroids in CV-1 cells: a comparison of their glucocorticoid and mineralocorticoid properties[END_REF] Eplerenone is currently used in preference to spironolactone as previous studies in demonstrated that eplerenone did not bind and activate wild-type androgen-receptor (as opposed to spironolactone), but data concerning the clinical relevance of this finding are lacking. [START_REF] Attard | Phase I clinical trial of a selective inhibitor of CYP17, abiraterone acetate, confirms that castration-resistant prostate cancer commonly remains hormone driven[END_REF][START_REF] Luthy | Androgenic activity of synthetic progestins and spironolactone in androgensensitive mouse mammary carcinoma (Shionogi) cells in culture[END_REF] To date, prednisone, which does carry mineralocorticoid activity, is recommended in combination with abiraterone. It has been argued that dexamethasone with high glucocorticoid (repressing ACTH) and virtually no mineralocorticoid activity might be a better alternative. This is currently under investigation (NCT01867710). In almost all ADRs in our study (>97%), steroids with mineralocorticoid activity were used (prednisone, prednisolone, methylprednisolone, hydrocortisone and cortisone). [START_REF] Grossmann | Transactivation via the human glucocorticoid and mineralocorticoid receptor by therapeutically used steroids in CV-1 cells: a comparison of their glucocorticoid and mineralocorticoid properties[END_REF] Therefore, it was not possible to study whether the presence or absence of intrinsic mineralocorticoid activity of corticosteroids combined with abiraterone influenced the rates of AT/HF reports.

Limitations of the study

This study identified higher rates of reporting for AT, HF and signs suggestive of hypermineralocorticism on abiraterone as compared to other ADT in French pharmacovigilance database.

The level of causality attributed to abiraterone was plausible based on extrinsic data, chronology, symptomatology and known mechanisms of action of abiraterone. [START_REF] Miremont-Salame | Causality assessment in pharmacovigilance: The French method and its successive updates[END_REF] Therefore, we expanded our analyses by seeking confirmation of these signals and better characterization of patients experiencing these ADR in other continental pharmacovigilance databases. At the time of our first analysis in French pharmacovigilance database (05/2017), we found only one case of suspected acute coronary syndrome induced by abiraterone and one by enzalutamide. Moreover, Budoff et al. had recently showed that among older men with symptomatic hypogonadism, treatment with testosterone compared with placebo was associated with a significantly greater increase in coronary artery non calcified plaque volume, as measured by coronary computed tomographic angiography. [START_REF] Budoff | Testosterone Treatment and Coronary Artery Plaque Volume in Older Men With Low Testosterone[END_REF] Taken together, level of causality attributed to ADT and abiraterone to lead to cardiac ischemia was considered insufficient, precluding further analysis.

We used different databases with variable completeness of reporting of comorbid conditions and concomitant drugs, the likelihood that the suspected adverse reaction is drug-related is not the same in all cases, and there is limited possibility of verification of the rhythm abnormalities by means of electrocardiographic tracings. Another important limitation of this study is the expected underreporting for AT and HF on ADT, since there is no particular mention to follow carefully for these side effects in ADT indication labels. The denominator and clinical characteristics of patients exposed to ADT cannot be evaluated, but in the present situation it was almost exclusively men with prostate cancer. The total number of ISCRs for each drug or group of drugs is used as denominator for this kind of disproportionality analysis in pharmacovigilance databases. [START_REF] Van Puijenbroek | Application of quantitative signal detection in the Dutch spontaneous reporting system for adverse drug reactions[END_REF][START_REF] Bruin | Anti-HERG activity and the risk of druginduced arrhythmias and sudden death[END_REF][START_REF] Rothman | The reporting odds ratio and its advantages over the proportional reporting ratio[END_REF] Clinical trials are mandatory but may not allow definite conclusions on drug safety, because they are built to evaluate efficacy in a specific population with strictly predefined inclusion criteria. Spontaneous notifications remain the cornerstone for ADR evaluation despite their limitations. Disproportionality analysis in pharmacovigilance databases remains a major method to detect signals in drug safety research and post-marketing surveillance. [START_REF] Montastruc | Benefits and strengths of the disproportionality analysis for identification of adverse drug reactions in a pharmacovigilance database[END_REF] Table 1. Disproportionality analysis comparing abiraterone vs. enzalutamide, abiraterone vs. any androgen deprivation therapy (ADT), abiraterone vs. full database on specific adverse drug reactions (ADR) in men using French, European and International (VigiBase) pharmacovigilance databases. 

Type of ADR

Design:

  An observational, retrospective, pharmacovigilance study Setting: The French pharmacovigilance database (01/24/1985-05/16/2017); the European pharmacovigilance database (12/01/2001-08/18/2017) and VigiBase, the World Health Organization's pharmacovigilance database (10/01/1967-08/28/2017).

3. 7

 7 [3-4.5], ROR: 1.5[1.3-1.7], ROR: 1.8[1.5-2], ROR: 16.4 [13-20.7] and ROR: 1.7[1.5-1.9]; p<0.0001 for all,

Figure 1 .Figure 2A .

 12A Figure 1. Mechanisms of action of the different androgen deprivation therapies (A), with a focus on abiraterone (B). 17alpha-hydroxylase/C[START_REF] Zannad | Eplerenone in patients with systolic heart failure and mild symptoms[END_REF][START_REF] Salem | Hypogonadism as a Reversible Cause of Torsades de Pointes in Men[END_REF] -lyase inhibition induced by abiraterone (n°1 et n°1') lead to decreased adrenal glucocorticoids (n°2) and androgens (n°2') synthesis. Inefficient cortisol synthesis signals the hypothalamic-pituitary axis to increase ACTH (n°3). Consequently, the adrenal glands produce an excess of mineralocorticoid hormone precursors that do not require 17alphahydroxylase/C[START_REF] Zannad | Eplerenone in patients with systolic heart failure and mild symptoms[END_REF][START_REF] Salem | Hypogonadism as a Reversible Cause of Torsades de Pointes in Men[END_REF] -lyase processes, namely 11-deoxycroticosterone (DOC) and corticosterone (n°4).These hormones lead to hypokalemia, hypertension and fluid overload, triggering renin decrease (n°5), explaining normal aldosterone levels. Supplementation of patients on abiraterone with corticosteroids is therefore required to prevent excessive ACTH increase. There is variability in ACTH suppression by this supplementation, leading to inter-individual variability in residual secretion of mineralocorticoid hormone precursors and consequently related clinical impact of hypermineralcorticism. Drugs considered as androgen deprivation therapies were: Abiraterone; gonadotropins-releasing hormone (GnRH) agonists (leuprorelin, goserelin, buserelin, triptorelin), GnRH antagonists (degarelix), nonsteroidal androgen receptor inhibitors (enzalutamide, bicalutamide, nilutamide, flutamide) and steroidal androgen receptor inhibitors (mifepristone, cyproterone acetate)

Figure 2B .

 2B Figure 2B. Time to event onset for adverse drug reaction related to heart failure (HF) and atrial tachyarrhythmias (AT) on abiraterone as compared to other ADT, extracted from the international pharmacovigilance database. Other ADT includes leuprorelin, goserelin, buserelin, triptorelin, degarelix, bicalutamide, nilutamide, flutamide, enzalutamide, mifepristone, and cyproterone acetate.

Figure 1 .

 1 Figure 1.

Figure 2B.

  Figure 2B.

  2. Drugs considered as ADT are shown in Fig-1.

	Characteristics of cases were described in terms of means (± standard deviation) or medians (with
	interquartile range) for quantitative variables, and in terms of effective and proportion for qualitative
	ones. Comparisons used, as appropriate, Student's t-test or Mann-Whitney test for quantitative
	variables, Chi-2 or Fisher's exact test for qualitative ones. Correlations (r) between quantitative
	variables were assessed using Spearman's coefficient (Prism 7; GraphPad Software, Inc). Statistical
	significance was accepted for p-value<0.05.

Table - 1

 - , for each pharmacovigilance database studied.

	Analysis of the French pharmacovigilance database through 05/2017 revealed 127 ISCRs of suspected
	ADR for abiraterone and 1552 for other ADT (including 71 for enzalutamide; Table-1). These ISCRs
	affected adult men treated for prostate cancer. Comorbidity and clinical characteristics of patients with

Table 1 )

 1 ; and vs. full database (ROR: 3.2[2.7-3.7], ROR: 2[1.7-2.3], ROR: 2.3[2-

2.6], ROR: 11.7

[10.4-13.1] 

and ROR: 2.1[1.9-2.4]; p<0.0001 for all, Table

[3.1-5.3] 3.7 [3-4.5] 3.2 [2.7-3.7]

  

			Number (%) of ADR			ROR* [CI 95 ]	
		Abiraterone	Enzalutamide	Any ADT	Full database	Abiraterone vs.	Abiraterone vs.	Abiraterone vs.
						enzalutamide	any ADT	Full database
	French pharmacovigilance database (through 05/2017)					
	Total	127	71	1552	NA			
	Atrial tachyarrhythmias	18 (14%)	2 (3%)	7 (<1%)	NA	5.7 [1.3-25.3]	36.5 [14.9-89.1]	NA
	Heart failure	26 (20%)	4 (6%)	18 (1%)	NA	4.3 [1.4-12.9]	21.9 [11.6-41.4]	NA
	Hypertension	11 (9%)	4 (6%)	13 (<1%)	NA	1.6 [0.5-5.2]	11.2 [4.9-25.6]	NA
	Hypokalemia	23 (18%)	0 (0%)	8 (<1%)	NA	32.1 [1.9-538.4] 42.7 [19.5-91.7]	NA
	Edema	19 (15%)	5 (7%)	34 (2.2%)	NA	2.3 [0.9-6.5]	7.9 [4.3-13.9]	NA
	European pharmacovigilance database (through 08/2017)					
	Total	4865	12953	25094	NA			
	Atrial tachyarrhythmias	115 (2.4%)	79 (0.6%)	158 (0.6%)	NA	3.9 [3-5.3]	3.8 [3-4.9]	NA
	Heart failure	222 (4.6%)	223 (1.7%)	600 (2.4%)	NA	2.7 [2.3-3.3]	2 [1.7-2.3]	NA
	Hypertension	169 (3.5%)	324 (2.5%)	554 (2.2%)	NA	1.4 [1.2-1.7]	1.6 [1.4-1.9]	NA
	Hypokalemia	250 (5.1%)	46 (0.4%)	93 (0.4%)	NA	15.2 [11.1-20.9] 14.6 [11.5-18.5]	NA
	Edema	197 (4%)	228 (1.8%)	489 (1.9%)	NA	2.4 [1.9-2.9]	2.1 [1.8-2.5]	NA
	VigiBase, the international pharmacovigilance database (through 08/2017)				
	Total	9203	21189	45867	5759781			
	Atrial tachyarrhythmias 4.1 Heart failure 147 (1.6%) 84 (0.4%) 202 (0.4%) 29575 (0.5%) 216 (2.3%) 205 (1%) 727 (1.6%) 69305 (1.2%) 2.5		

[2-3] 1.5 [1.3-1.7] 2 [1.7-2.3]

  ROR: Reporting Odds-Ratio and its 95% confidence interval (CI 95 ). Statistical significant results (p<0.05) are in bold. NA: not available Any ADT subgroup includes 11 ADT (Gonadotrophin-releasing hormone (GnRH) receptor agonists: leuprorelin, goserelin, buserelin, triptorelin; GnRH antagonists: degarelix; nonsteroidal androgen receptor inhibitors: bicalutamide, nilutamide, flutamide, enzalutamide; and steroidal androgen receptor inhibitors: mifepristone, cyproterone acetate) but excludes abiraterone. * The French pharmacovigilance database is smaller than the two other databases; therefore ROR estimates tend to be less precise with larger CI 95 .

	Hypertension	280 (3%)	426 (2%)	802 (1.7%)	77820 (1.4%)	1.5 [1.3-1.8]	1.8 [1.5-2]	2.3 [2-2.6]
	Hypokalemia	300 (3.3%)	49 (0.2%)	94 (0.2%)	16817 (0.3%)	14.5 [10.8-19.8]	16.4 [13-20.7]	11.7 [10.4-13.1]
	Edema	303 (3.3%)	377 (1.8%)	920 (2%)	90897 (1.6%)	1.9 [1.6-2.2]	1.7 [1.5-1.9]	2.1 [1.9-2.4]

Table 2 . Characteristics of men with prostate cancer and adverse drug reactions (ADR) induced by abiraterone related to atrial tachyarrhythmia (AT) and/or heart failure (HF) as compared to other type of ADR from the French Pharmacovigilance Database (through 05/2017).

 2 

	Abbreviations: IQR, interquartile range; SD: Standard-deviation
	Statistics were performed by Fischer's exact test for qualitative data and t-test or Mann-Whitney test
	for quantitative data, as needed.
	* In details, proportion of patients on antihypertensive drugs developing AT/HF vs. other types of ADR
	associated with abiraterone were: 6/38 (16%) vs. 11/89 (12%) for angiotensin converting enzyme inhibitors
	(p:0.6), 5/38 (13%) vs. 15/89 (17%) for angiotensin 2 receptor-blockers (p:0.6), 1/38 (3%) vs. 3/89 (3%) for
	anti-aldosterone drugs (p:0.8), 6/38 (16%) vs. 9/89 (10%) for loop diuretics, (p:0.4), 4/38 (11%) vs. 8/89 (9%)
	for thiazide diuretics (p:0.8).

Table 3 . Details concerning association between clinical covariates and reporting for AT, HF, hypokalemia, edema and hypertension within overall adverse drug reaction on abiraterone (n: 9203) extracted from VigiBase (through 08/2017).

 3 In Supp.Fig 1 are represented distribution of reported dose of abiraterone and hydrocortisone equivalent among patients presenting an ADR on abiraterone in VigiBase.

	number	AT	HF	Hypokalemia
	(available data)			
	Statistics: Correlation (r) were assessed by Pearson's or Spearman's test, as appropriate.
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