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Whether ibrutinib-related atrial fibrillation (IRAF) is a dose-dependent adverse drug reaction (ADR) and whether ibrutinib should be
discontinued or dose-reduced in case of IRAF occurrence remains unknown. Using the World Health Organization individual case
safety report pharmacovigilance database, VigiBase®, we aimed to determine the association between ibrutinib dosing regimens and
IRAF reporting. Ibrutinib daily dose was extracted from IRAF cases from VigiBase® and was divided into 5 ibrutinib dosing regimen
(140–280–420–560 and >560mg/day). Disproportionality analysis was used to evaluate the association between IRAF reporting and
ibrutinib daily dose, through logistic regression. Single term deletions produced the ibrutinib daily dose global p-value. Then, a
multivariable adjusted reporting odds-ratio with its 95% confidence interval was calculated for each ibrutinib dosing regimen, against
the lowest dosing regimen (140mg/day) as reference. A total of 1162 IRAF cases were identified in VigiBase® (n= 62 for ibrutinib
140mg/day, 114 for ibrutinib 280mg/day, 811 for ibrutinib 420mg/day, 164 for ibrutinib 560mg/day and 11 for ibrutinib >560mg/
day). After adjustment on several variables of interest, IRAF reporting was not significantly associated with ibrutinib dosing regimen
(p= 0.09). Our results from Vigibase® do not support IRAF as a dose-dependent ADR (ClinicalTrial registration number: NCT06224452).
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BACKGROUND
Ibrutinib, an orally administered Bruton’s tyrosine kinase inhibitor
(BTKi), has substantially transformed the therapeutic landscape of
various chronic B-cell malignancies, particularly chronic lympho-
cytic leukemia (CLL) [1]. Early on, atrial fibrillation (AF) was
identified as a cardiovascular adverse drug reaction (ADR)
attributable to ibrutinib. In phase 3 randomized clinical trials
(RCTs), ibrutinib has been associated with an approximately
fourfold increased risk of AF compared with control groups
(pooled relative risk 3.9; 95% confidence interval (CI): 2.0–7.5) [2].
The estimated annualized incidence rate of ibrutinib-related AF
(IRAF) in clinical trials is 4.9 (95% CI: 2.9–8.3) per 100 person-years
[3]. The risk of IRAF appears persistent over the course of ibrutinib
therapy and may be cumulative, correlating with the duration of
follow-up and increased intensity of cardiac monitoring [4, 5].
The underlying mechanisms of IRAF are not yet fully elucidated.

The binding of ibrutinib to off-target kinases (e.g., EGFR, TEC) at

therapeutic concentrations [6] may potentially contribute to the
development of IRAF, which is corroborated by observations in a
mouse model treated with ibrutinib where BTK was not the
relevant kinase target associated with IRAF development [7]. A
cardiovascular magnetic resonance imaging study indicated that
ibrutinib exposure resulted in fibrosis and inflammation of the left
atrium (LA), potentially leading to increased AF inducibility [8].
This role of LA fibrosis and inflammation in the development of
IRAF is further supported by observations of increasing incidence
rates of persistent and permanent IRAF from 15% to 38% and from
0% to 15%, respectively, over a follow-up period of 2 years in a
prospective cohort study of 53 patients administered ibrutinib [4].
While dose reduction or interruption of ibrutinib is advised in its

labeling [9], the beneficial impact on IRAF management of such an
intervention remains inconclusive. Once LA fibrosis is established,
it is questionable whether ibrutinib discontinuation or dose-
reduction may not conduct to restore and maintain sinus rhythm.
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Moreover, ibrutinib discontinuation or dose-reduction may
influence the progression of the underlying chronic B-cell
malignancy [10]. Consequently, there is ongoing uncertainty
regarding both the mechanisms underlying IRAF and its clinical
management, compounded by the observation that various AF
phenotypic presentations [11–13]have been described, leading to
heterogeneous therapeutic approaches [11–13].
The primary objective of this study was to ascertain whether

IRAF is a dose-dependent ADR in patients with chronic B-cell
malignancies by examining the association between ibrutinib
dosing regimens and IRAF reporting in VigiBase®, the pharma-
covigilance database of the World Health Organization (WHO).

METHODS
Data source
VigiBase®, the WHO global database of individual case safety reports,
served as the data source for this investigation [14]. Managed by the
Uppsala Monitoring Centre in Uppsala, Sweden, VigiBase® encompasses
over 35 million reports from no fewer than 130 member countries since
its inception in 1967. The reports, submitted by healthcare professionals,
patients, and pharmaceutical companies post-marketing, encompass
administrative details (country, report type, reporter qualification),
patient demographics (age, sex), ADR onset data, and ADR nature,
using the most recent version of MedDRA (Medical Dictionary for
Regulatory Activities) terminology. Pertinent drug information (names,
initiation and cessation dates, duration until ADR onset, indications,
dosages, dosage unit [e.g. mg, g…], frequency of administration [once or
twice a day…] is documented, and the drugs are catalogued using the
WHO drug dictionary, which spans over 150,000 medicinal products and
vaccines. This study utilized the Vigibase® Extract Case Level relational
database, whose report-level structure facilitates multi-variate adjust-
ments for potential confounders, including concurrent diseases or
conditions and concurrent medications [14]. The use of pharmacov-
igilance confidential, electronically processed de‐identified patient data
was approved by the Caen University Hospital Research Ethics
Committee (No. #2646). No individual patient informed consent was
required because this was a retrospective analysis of anonymized data
from the WHO pharmacovigilance database.

Primary objective and analysis
To investigate the association between ibrutinib dosing and IRAF reporting
in VigiBase®, we performed on an observational, retrospective,

Vigibase the 26th July 2023
n=35 159 260 reports

Reports related to ibru�nib in adults
n=33 623

Reports with any ADR related to 
ibru�nib in adults,

with an available ibru�nib daily dose 
n= 18 498

IRAF cases 
with an available ibru�nib daily dose

n=1 162
ibru�nib 140 mg/d, n=62
ibru�nib 280 mg/d, n=114
ibru�nib 420 mg/d, n=811
ibru�nib 560 mg/d, n=164
ibru�nib >560 mg/d, n=11

Excluded reports (n=35 125 637)
No ibru�nib and/or child and/or 
unknown age

Excluded reports (n= 15 125)
Unknown ibru�nib daily dose

Fig. 1 Flow-chart for the primary analysis. AF atrial fibrillation, ADR
adverse drug reaction.
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pharmacovigilance study employing disproportionality analysis [15]. The
protocol of our study was registered on ClinicalTrials.gov, NCT06224452.
The study population was confined to reports concerning adult patients
treated with ibrutinib and for whom the daily dose was available (Fig. 1).
IRAF cases were identified using MedDRA’s ‘Preferred Term’ “Atrial
fibrillation” until the 26th of July, 2023. Non-cases comprised all other
ibrutinib reports that did not report IRAF. The daily dose extracted from
IRAF case reports was stratified according to the dosing regimens specified
on the ibrutinib product label (140–280–420–560, and >560mg/day) [9].
Regarding IRAF cases with several ibrutinib doses, only the highest dose
was retained. All IRAF cases were considered eligible regardless of the
interval between drug initiation and the reporting of IRAF. The primary
objective was to determine the association between ibrutinib dosing
regimens and IRAF reporting.

Secondary objectives and analyses
IRAF cases were described according to each of the five ibrutinib dosing
regimens. Variables such as age, sex, vital status at the time of reporting,
concomitant diseases or conditions, ibrutinib indication, time to IRAF
onset, and concurrent drugs were described.
The analyses encompassed: i. Evaluating the association between ibrutinib

dosing regimens and IRAF reporting after excluding cases with concurrent
administration of anticoagulants and/or antiarrhythmics, assuming this
approach could eliminate cases with history of AF preceding IRAF reporting;
ii. Stratified analyses according to the underlying chronic B-cell malignancy,
with separate analyses for CLL and Waldenström macroglobulinemia (WM)
indications and for mantle cell lymphoma (MCL), evaluating the association
between ibrutinib dosing regimens and IRAF reporting; and iii. Examining
whether the time to IRAF onset was dependent of ibrutinib dosing, with the
time to onset calculated in days as per the internal procedures
recommended by the Uppsala Monitoring Centre.

Positive controls were used in disproportionality analysis to validate the
study setting. Two ibrutinib related ADRs well documented to be dose-
dependent [9, 16] were tested against ibrutinib daily dose, in our dose-
dependency research model: neutropenia and thrombocytopenia. Given
that our primary analysis model was adjusted for multiple potential
confounders pertinent to AF but not to neutropenia and thrombocytope-
nia, only univariate analyses were executed to explore the association
between ibrutinib dosing regimens and reporting of these two ADRs.

Statistical analyses
VigiBase® allows disproportionality analyses—also referred to as
case–noncase analyses—which compare the proportion of a specific
ADR reported for a particular drug or group of drugs or drug dosing
regimen to the proportion of the same ADR among a control drug group
within a predefined population (e.g., the entire database cohort or
particular subset). The denominator for these analyses constitutes the total
number of ADRs reported for each drug grouping. Disproportionality is
inferred when the odds of a specific ADR for a given drug exceeds the
odds of the same ADR for the control drugs. This comparative metric can
be quantified as a reporting odds ratio (ROR). In our study, a univariate
analysis was first conducted, and RORs with their 95% CIs were then
adjusted (aRORs) using a multivariate logistic regression model on age
(categorized into “18–64 years”, “65–74 years”, and “≥75 years); sex;
geographic region (African region, region of the Americas, South-East Asia
region, European region, Eastern Mediterranean region, and Western
Pacific region); concurrent drug reporting; and concurrent disease or
condition reporting (see Supplementary Data 1). Ibrutinib daily dose
was an explaining variable in our models. Hence, we first calculated its
global p-value through single-term deletions, based on a Chi-square test.
Second, we presented multivariable aRORs for each ibrutinib dosing
regimen against the lowest dosing regimen (140mg/day) as reference.

0.1 0.5 1 2 10

Variables IRAF N Total N

62
114
811
164
11

164
443
555
380

604
436
86
265
120

78
26
11
1
28
305
57
60

1190
2266

12551
2355
136

4069
6195
8234
7116

7217
3943
393
1516
1503

687
155
41
8

335
2229
368
517

Ibrutinib dose, mg/day
− 140 (ref)
− 280
− 420
− 560
− >560
Age, years
− 18−64 (ref)
− 65−74
− >75
Sex, female
Concomitant drugs
− Cardiac drugs
− Bradycardic drugs
− Antiarrhythmic drugs
− Anticoagulants
− Systemic corticosteroids
Concomitant condition
− Hypertension
− Hypokaelemia
− Non infectious myocarditis/pericarditis
− Hyperthyroidism
− Dehydratation
− Heart failure
− Ischemic cardiopathy
− Sepsis

Fig. 2 Ibrutinib daily dose and ibrutinib-related atrial fibrillation (IRAF) reporting. Disproportionality analyses evaluating the association
between ibrutinib daily dose and IRAF. Multivariable adjusted reporting odds-ratios (with 95% confidence interval) for each ibrutinib dosing
regimen are presented against the lowest dosing regimen (140mg/day). The ibrutinib daily dose global p-value indicates statistical
significance if <0.05.
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A p-value < 0.05 was considered indicative of statistical significance, that is,
there was a significant association between ibrutinib dosing and IRAF
reporting, thereby establishing IRAF as a dose-dependent ADR in
VigiBase®. On the basis of the presumption that 10% of reports in each
ibrutinib dosing regimen would be IRAF cases, a sample size 109 reports
per ibrutinib dosing regimen was calculated to yield 90% power at p < 0.05
to detect a small-sized effect (ROR 2.5) [17]. Association between time to
IRAF onset and ibrutinib daily dose was assessed with a linear regression
model, followed by single-term deletion and Fisher test.

RESULTS
Primary objective and analysis
From the VigiBase® database, a total of 18,498 ibrutinib related-
reports in adult patients, inclusive of ibrutinib daily dosage, were
identified (constituting the primary analysis population), among
which 1162 (6.3%) were IRAF cases (depicted in Fig. 1). Table 1
delineates the clinical characteristics of IRAF cases. Overall, IRAF
cases concerned female patients (32.9%), aged over 65 years
(85.9%), with CLL/WM being the main underlying chronic B-cell
malignancy indication (85.8%), with concurrent cardiovascular or
diabetes drugs in 51.9%, anticoagulants in 22.8%, antiarrhythmic
drugs in 7.4%, concurrent hypertension in 6.7%, heart failure in
26.2%, stroke/transient ischemic attack in 3.9% and a fatality rate
of 9.8% at the time of report.

In univariate analysis, ibrutinib dosing was significantly asso-
ciated with IRAF reporting (p= 0.02). In the 2-by2 comparison
against the lowest dosing regimen, as the dosing regimen
increased, the ROR also increased but was not significantly
superior to the lowest dosing regimen except for the 560 mg/day
dosing regimen (see Supplementary Table 1). After adjustment for
sex, age, geographic region, concurrent diseases or conditions and
concurrent drugs of interest, ibrutinib dosing was not significantly
associated with IRAF reporting (p= 0.09, illustrated in Fig. 2 and
Supplementary Table 2). Factors such as age ≥65 years and
multiple concurrent diseases or conditions (inclusive of hyperten-
sion, heart failure, and myocardial infarctions) and concurrent
drugs (including antiarrhythmics and anticoagulants) exhibited a
significant association with IRAF reporting (Fig. 2).

Secondary objectives and analyses
After exclusion of IRAF cases containing concurrent antic-
oagulant and/or antiarrhythmic drugs, in both univariate and
multivariate analyses, there was no significant difference
between ibrutinib dosing regimens and IRAF reporting (Supple-
mentary Tables 3 and 4).
In both univariate (Supplementary Table 5) and multivariate

(Supplementary Table 6 and Fig. 3) analyses, there was no
significant difference in IRAF reporting between the ibrutinib

Global p−value = 0.3
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Reporting Odds Ratio could not be performed for the >560 daily dose (insufficient number of reports)

Fig. 3 Ibrutinib daily dose and ibrutinib-related atrial fibrillation (IRAF) reporting according to underlying chronic B-cell malignancy.
Disproportionality analysis evaluating the association between ibrutinib daily dose and ibrutinib related atrial fibrillation, according to
underlying chronic B-cell malignancy, with separate analyses for chronic lymphocytic leukemia (CLL)/ Waldenström macroglobulinemia (WM)
and for mantle cell lymphoma (MCL) indication. Multivariable adjusted reporting odds-ratios (with 95% confidence interval) for each ibrutinib
dosing regimen are presented against the lowest dosing regimen (140mg/day). The ibrutinib daily dose global p-value indicates statistical
significance if <0.05.
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dosing regimens, regardless of the specific underlying chronic
B-cell malignancy, including CLL/WM and MCL. Furthermore, in
both univariate and multivariate models, the time to IRAF onset
did not display a significant association with ibrutinib dosing
(Supplementary Table 7 and Fig. 4).
Positive control analysis of neutropenia and thrombocytopenia

indicated a positive and significant association between ibrutinib
daily dose and each of those ADRs reporting (Supplementary
Table 8 and Fig. 5).

DISCUSSION
In VigiBase®, there was no evidence that IRAF reporting was
influenced by ibrutinib daily dose. Stratified analyses on specific
conditions, or analyzing time to onset did not lead to different
conclusions. Underlying IRAF mechanisms remain largely
unknown. Notwithstanding the diversity in the postulated
mechanisms, atrial structural modifications, notably LA remodel-
ing and fibrosis [18, 19], consistently emerge as the principal
determinant in the development of IRAF through modulating off-
target kinases, such as the C-terminal Src kinase (CSK) [8, 10]. An
ibrutinib-treated mouse model exhibiting increased AF induci-
bility, it was demonstrated that BTK was not the relevant target
and that IRAF was induced by the modulation of an off-target
kinase [7]. Moreover, 4 weeks of ibrutinib treatment led to
inducible AF, LA enlargement, myocardial fibrosis and inflamma-
tion, while comparable treatment with acalabrutinib did not [7].
Chemoproteomic profiling and knockout experiments in mice
suggested that CSK may be responsible for IRAF but not for
acalabrutinib-related AF [7]. Acalabrutinib does not appear to
inhibit any of the Src kinases at physiologically relevant
concentrations and peripheral blood samples from patients with
CLL showed that ibrutinib inhibited CSK pathway whereas
acalabrutinib did not [20, 21] even if acalabrutinib was also
associated with AF development [22]. Our results showing no
significant association between ibrutinib dose and IRAF reporting
are consistent with an underlying mechanism involving LA

structural remodeling which is supposed to include delayed
changes in atrial tissue properties (most notably fibrosis), size, and
cellular ultrastructure, that will remain established over time and
that are considered poorly reversible [23]. Atrial size is a long-
recognized determinant of AF likelihood, both at the experimental
and clinical levels [23] and pre-ibrutinib atrial size has been
consistently associated with higher IRAF rates in several cohorts
[4, 10]. More acute and direct atrial arrhythmogenesis induced by
ibrutinib were also described and may contribute to LA structural
remodeling. Acute delivery of ibrutinib (10 mg/kg) increased
pacing-induced AF in mice and this effect was reversible within
24 h of drug washout even after 14 consecutive days of drug
delivery [24]. In patch-clamp studies, acute delivery of ibrutinib
(0.1 and 10 μmol/L) reduced action potential upstroke velocity and
Na+ current whereas acalabrutinib did not and both ibrutinib and
acalabrutinib (10 and 50 μmol/L) increased action potential
duration [25], a well-known effect associated with LA structural
remodeling [23]. As LA structural remodeling contributes to the
“AF begets AF” phenomenon, once an AF episode has occurred,
other AF episodes will probably occur again over time even if the
initial etiology causing LA remodeling was ousted [23]. In a
retrospective cohort study including 56 CLL patients who
developed IRAF and without any continuous AF monitoring,
Ibrutinib was stopped or dose-reduced in 35 patients (62%).
Among these 35 patients, AF recurred or was persistent in 19
patients (54%) in comparison with 13/21 (61.9%) patients who
continued full dose of ibrutinib, indicating no real benefit of
ibrutinib discontinuation of dose-reduction [11]. Taken together,
all these results indicate that it may be possible that ibrutinib
discontinuation or dose-reduction in case of IRAF may not
conduct to restore and maintain sinus rhythm and are in line
with the 2022 European Society of Cardiology (ESC) guidelines on
cardio-oncology that recommend ibrutinib continuation at the
same dose in case of IRAF occurrence [26]. Importantly, both 2020
ESC guidelines on AF and 2022 ESC guidelines on Cardio-
Oncology remind via the “integrated ABC pathway” that the
classification of AF (first diagnosed, paroxysmal or persistent…)
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should not drive AF management, which must focus on the
thromboembolic risk (taking into account the hemorrhagic risk),
an optimal control of AF symptoms and an optimal control of
cardiovascular risk factors an concomitant diseases [26, 27]. In
contradiction with the 2022 ESC guidelines on cardio-oncology
and without any robust evidences, the ibrutinib summary of
product characteristics proposed to modify ibrutinib dose or to
discontinue ibrutinib based on i. if the IRAF is the first episode or
not and ii. the Common Terminology Criteria for Adverse Events
(CTCAE) classification. A dose-reduction to 280 mg/day is recom-
mended in case of first grade 3 IRAF episode for CLL/WM patients
and to 420 mg/day in MCL patients. For both CLL/WM and MCL
indication, in case of grade 3 IRAF recurrence or first grade 4 IRAF
episode, it is recommended to discontinue ibrutinib [9]. A strategy
based on the detection of AF episodes (first episode and
recurrences) without any systematic and standardized AF detec-
tion strategy to screen subclinical AF is clearly biased and non-
optimal [28]. In the REHEARSE-AF (REmote HEArt Rhythm
Sampling using the AliveCor heart monitor to scrEen for Atrial
Fibrillation) controlled study using a smartphone/tablet-based
single-lead ECG system twice weekly over 12 months vs. routine
care resulted in a 3.9-fold increase in AF detection in patients aged
≥65 years [29]. The CTCAE classification is a comprehensive,
standardized and multimodality grading system recommended
for the reporting of ADRs associated with anticancer drugs [30].
The primary organization of the CTCAE classification is based on

pathophysiological (e.g., allergy/immunology) and anatomical
(e.g., dermatology/skin) categories to facilitate location of related
ADRs. CTCAE grades, in a standardized way, all ADRs from “1”
(asymptomatic or mild symptoms, clinical or diagnostic observa-
tions only, intervention not indicated) to “5” (death related to ADR)
and generally all grade ≥3 ADRs are associated with drug dose-
reduction and/or drug discontinuation [30]. Regarding IRAF and
AF as an adverse event in general, the CTCAE classification appear
to be not clinically relevant, particularly regarding the stroke risk
assessment associated with AF. For example, in daily clinical
practice, according to ABC strategy recommended by the 2020
ESC guidelines on AF [27], the decision to introduce or not an oral
anticoagulation is independent of whether the patient is
hospitalized or not and therefore a grade 2 CTCAE AF may not
present a lower stroke risk compared to an AF grade ≥3 CTCAE.
Avoiding ibrutinib discontinuation or dose-reduction appear to be
even more crucial as these strategies may also impact the
progression of the underlying chronic B-cell malignancy. In a
prospective cohort of 285 MCL/CLL patients treated with ibrutinib,
those with early dose reductions (within the first eight weeks) had
significant worse progression free survival (PFS, p= 0.004) and
overall survival (OS, p= 0.014) and those with ibrutinib interrup-
tions lasting >1 week had worse PFS (p= 0.047) but not OS
(p= 0.577) [31]. Moreover, CLL patients at high risk for AF/AF-
related stroke demonstrate similar benefit with ibrutinib exposure
compared to CLL patients not at risk regarding the time to next
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treatment across all lines of therapy [32]. In addition, time to next
treatment was significantly longer for all patients treated with
ibrutinib-based regimens than other regimens, arguing in favor of
persistent ibrutinib effectiveness on the underlying chronic B-cell
malignancy, independently regardless of IRAF occurrence or not.
Finally and in line with the 2022 ESC guidelines on cardio-
oncology [26], ibrutinib discontinuation or dose-reduction should
be restricted to exceptional cases and this choice should not be
based on the number of IRAF episodes, the CTCAE classification or
time to IRAF onset as our results did not highlight any IRAF
reporting difference according to the ibrutinib dose and time to
IRAF onset.

Study limitations
Pharmacovigilance databases are subject to various biases such as
underreporting, notoriety, halo, or lack of information concerning
the exposed population and drug sales volumes. These databases
are also constrained by missing crucial information, like specific
dosing regimens, which could limit the generalizability of our
results. A large number of cases were excluded from our analyses
due to missing data regarding ibrutinib dosage. As missing
ibrutinib dosage is likely independent of the drug ibrutinib, the
underlying indication and the ADR studied (i.e. AF) and is more
likely related to the reporting practices of the individual reporters
or the pharmacovigilance systems in place, complete cases (i.e.
with an available ibrutinib dosage) are assumed to be a random
sample of the full dataset (i.e. missing completely at random).
Therefore, dropping cases with missing ibrutinib dosage may give
unbiased estimates [33]. Moreover, it is important to note that the
>560mg dosage group includes only 11 cases, which may affect
the robustness of the findings. Furthermore, the 140 mg dosage
group, which serves as the reference in our analysis, has 62 events.
Given the adjustment for multiple cofactors in the multivariate
analysis, the relatively small sample size in the reference group
could potentially impact the stability and reliability of the
estimates. The tendency of pharmacovigilance reporting to
overrepresent ADRs manifesting shortly after drug introduction
may bias our analyses concerning the correlation between the
initiation of IRAF and ibrutinib daily dose. Furthermore, the case/
non-case design of disproportionality analysis cannot conclusively
establish causality between ibrutinib dose and IRAF.

CONCLUSIONS
Our study corroborates the understanding of AF as a dose-
independent ADR related to ibrutinib. Consistent with the 2022
ESC guidelines on cardio-oncology that advocate the continuation
of ibrutinib therapy following an IRAF event [26], we found from
Vigibase® no substantiating evidence that ibrutinib discontinua-
tion or dose reduction after IRAF would change the clinical
management or natural history of IRAF. On the other hand, the
possible progression of the underlying chronic B-cell malignancy
would argue for the maintenance of standard doses of ibrutinib.

DATA AVAILABILITY
Actually, data from VigiBase® (the WHO pharmacovigilance database) are only freely
available for national pharmacovigilance centers and the Uppsala Monitoring Centre.
Public access to overview statistics from VigiBase® can be gained through the
VigiAccess website, http://www.vigiaccess.org/.
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