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Abstract

Objective Atrial fibrillation (AF) is one of the most
common side effects of ibrutinib, a drug that has
dramatically improved the prognosis of chronic B-cell
malignancies such as chronic lymphocytic leukaemia
(CLL). The true incidence of ibrutinib-related AF (IRAF) is
not well known and its therapeutic management poses
unique challenges especially due to the inherent risk
of bleeding. We aimed to determine the incidence and
predictors of IRAF, and to analyse its management and
outcome.
Methods A standardised monitoring was applied at two
cardio-oncology clinics in consecutive patients referred
before and during ibrutinib therapy. The primary endpoint
was the incidence of IRAF. The excess of AF incidence with
ibrutinib was studied by comparing the incidence of IRAF
with the expected incidence of AF in general population
and in patients with CLL not exposed to ibrutinib.
Results 53 patients were included. The incidence of IRAF
was 38% at 2 years and the risk was 15-fold higher than
the AF risk in both the general population and patients
with CLL not exposed to ibrutinib (p<0.0001). The majority
of cases occurred in asymptomatic patients within the first
6 months. Left atrial volume index ≥40 mL/m2 at treatment
initiation identified patients at high risk of developing IRAF.
No major bleeding events occurred in patients on ibrutinib,
although the majority of patients with IRAF were treated
with anticoagulants.
Conclusions This cardio-oncology study showed that the
risk of IRAF was much higher than previously reported.
The majority of cases occurred in asymptomatic patients
justifying close monitoring.

Introduction
Ibrutinib is an oral Bruton tyrosine kinase
inhibitor that has recently revolutionised the
treatment and improved the patient outcome
of various chronic B-cell malignancies1–5 such
as chronic lymphocytic leukaemia (CLL), the
most common leukaemia in adults.6 However,
among the adverse events observed, atrial
fibrillation (AF) poses unique challenges
because it may influence the cardiovascular
management of patients.7

Key questions
What is already known about this subject?
►► Atrial fibrillation (AF) is one of the most common side

effects of ibrutinib, a drug that has dramatically improved the prognosis of chronic B-cell malignancies.
The incidence and predictors of ibrutinib-related AF
(IRAF) is not well known in the ‘real life’. Moreover,
the management of this adverse event is challenging especially due to the inherent risk of bleeding
with ibrutinib.

What does this study add?
►► This multicentre cohort study with systematic car-

dio-oncology follow-up reported a 2-year rate of
IRAF of 38%. The left atrial volume index (LAVI) was
an independent predictor of this event. No major
bleeding events occurred in patients on ibrutinib,
although the majority of patients with IRAF were
treated with anticoagulants.

How might this impact on clinical practice?
►► Our results support that the incidence of IRAF may

be much higher than previously reported. The majority of cases occur in asymptomatic patients in the
first few months following the initiation of ibrutinib,
justifying standardised and close monitoring during
this period. Measurement of LAVI may help to identify the patients at high risk. Finally, these results
suggest that anticoagulants could be considered in
the absence of significant bleeding risk.

While the 2-year rate of ibrutinib-related
AF (IRAF) has been estimated as 10%–14%
in previous randomised and observational
studies,1 3 4 8–14 the cumulative incidence of
IRAF may have been underestimated because
of selection bias14 and the European and
American health agencies recommend periodic ECG evaluation only for patients who
develop arrhythmia symptoms.
The vast majority of patients with CLL who
develop AF are candidates for anticoagulants
to prevent ischaemic stroke.15 This clinical situation is very challenging due to the inherent
tendency of bleeding with ibrutinib.16 Thus,
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Methods
Patients
This prospective cohort study was conducted in the
cardio-oncology clinics of two university-affiliated adult
tertiary care hospitals in France, which are cardio-oncology referral centres for those respective regions. These
two clinics operate in the same way, in close collaboration with haematology/oncology departments and with
the application of standardised monitoring protocols
for patients undergoing cancer treatment. According to
these protocols, all patients planned to receive ibrutinib
are referred to dedicated cardio-oncology consultations.
From January 2015 to April 2018, all consecutive
patients referred to these clinics before or during ibrutinib therapy were eligible for entry into the study.
Patients on ibrutinib for more than 1 month and those
who had no follow-up after the first cardio-oncology
consultation were excluded. The study was approved by
the institutional review board, and informed consent was
obtained from all participating patients.

scores, respectively.17 During TTE, the following data
were collected: left ventricular ejection fraction, using
the Simpson biplane method; left atrial volume index
(LAVI), using the surface-length formula indexed to the
body surface area; valvular heart disease quantification18
and left ventricular global longitudinal strain, using
speckle tracking imaging techniques.19
ECG monitoring with 24 hours Holter or 7-day
advanced external loop recorder (SpiderFlash-T, Sorin
Group, Livanova) monitoring was performed at the
Table 1

Baseline characteristics

Total population

N=53

Clinical features
 Age, median (IQR), years

70 (66–76)

 Sex, male n (%)

39 (74)

 BMI, median (IQR)

25 (21–27)

 AF history,* n (%)
 Hypertension, n (%)

6 (10)
19 (36)

 Diabetes mellitus, n (%)

6 (11)

 Coronary artery disease, n (%)

2 (4)

 Valvular heart disease, n (%)

0 (0)

 Heart failure history, n (%)

2 (4)

 Pacemaker, n (%)

1 (2)

 Smoking, n (%)

14 (26)

 Obstructive sleep apnoea, n (%)

0 (0)

 Thyroid disease, n (%)

1 (2)

 Stroke history, n (%)

2 (4)

 Major bleeding history, n (%)

1 (2)

 CHADS2-VA2SC score, median (IQR)

2 (1–3)

 HAS-BLED score, median (IQR)

1 (1–2)

Antithrombotic therapy
 Antiplatelet therapy, n (%)

7 (13)

 Anticoagulant therapy n (%)

4 (8)

Malignancy

Baseline data and follow-up
After being referred by a haematologist, each patient
received cardio-oncology consultations, including a
clinical examination, ECG and transthoracic echocardiography (TTE). A standardised case report form was
completed at the end of each consultation. All clinicians
were required to screen for AF using pulse palpation at
haematology consultations and ECG at cardio-oncology
consultations. Once the first cardio-oncology consultation was completed, cardio-oncology follow-up had to be
conducted every 3 months.
For each patient, the systemic thromboembolic and
haemorrhagic risks were estimated by the CHA2DS2Vasc [Congestive Heart failure, hypertension, Age ≥75,
Diabetes, Stroke, Vascular disease, Age 65–74, and Sex
(female)] and HAS-BLED [Hypertension, abnormal
renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly (>65years), drugs/alcohol]

*First diagnosed AF, n=1; paroxysmal AF, n=4; long-standing
persistent AF, n=1.
†Values for n=47 patients.
AF, atrial fibrillation; BMI, body mass index; CLL, chronic
lymphocytic leukaemia; LVAI, left atrial volume index; LVEF, left
ventricular ejection fraction.
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 CLL, n (%)
 Waldenström disease, n (%)

38 (72)
8 (15)

 Mantle lymphoma, n (%)

4 (8)

 Marginal zone lymphoma, n (%)

1 (2)

 Diffuse large B-cell lymphoma, n (%)
Prior oncological treatment, n (%)

2 (4)
51 (96)

Echocardiography
 LAVI, median (IQR), mL/m2

32 (28–40)

 LVEF, median (IQR), %
 Global longitudinal strain† (%)

61 (57–66)
19 (−21–−17)
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patients may be exposed to an increased thrombo-embolic risk in cases of undiagnosed/untreated IRAF and
to an increased risk of bleeding under antithrombotic
therapy. Moreover, ibrutinib is metabolised by cytochrome P (CYP)450 CYP3A and is an inhibitor of P glycoprotein leading to interaction with many drugs such as
verapamil, diltiazem, amiodarone, dronedarone, digoxin
and direct oral anticoagulants.14 While no general agreements exist regarding antithrombotic therapy and the
heart rhythm versus rate control strategy in patients with
IRAF, cardio-oncology specialists could play a crucial role
in managing this therapy-limiting side effect.
We performed a multicentre prospective study of
patients treated with ibrutinib followed in cardio-oncology clinics using a standardised approach to assess
the incidence and predictors of IRAF, and to analyse its
management and prognostic influence.

Arrhythmias and sudden death

discretion of the local treating clinical team, consistent
with existing guidelines and local practice.
The management of haematological malignancies and
cardiovascular events was left to the discretion of each
centre.
Study endpoints
The primary endpoint was the incidence and timing of
IRAF, which was defined as an episode of AF (or atrial
flutter) on ibrutinib lasting at least 30 s on the ECG, 24
hours Holter ECG or long-term loop recorder pattern.
An IRAF episode was defined when AF occurred after the
first dose of ibrutinib in a patient with no history of AF or
in a patient with a history of AF but with sinus rhythm at
the time of treatment initiation. The excessive incidence
of AF in patients on ibrutinib was studied using data
from two large epidemiological studies by comparing the
cumulative incidence of IRAF in patients without history
of AF with the expected cumulative incidence of AF in
an age-comparable and sex-comparable general population20 and in patients with CLL not exposed to ibrutinib.12 The severity of AF episodes was defined according
to the Common Terminology Criteria for Adverse Events
(CTCAE)21 and the modified european heart rhythm
association (EHRA) score.17 Episodes were considered
major for CTCAE grades of ≥3. The AF pattern was
defined as recommended.
The secondary endpoints were the management of
antithrombotic therapy, the heart rate versus rhythm
control strategy in patients with IRAF and the incidence
of ibrutinib-related bleeding, the severity of which was
assessed according to CTCAE classification. Bleeding
Baptiste F, et al. Open Heart 2019;6:e001049. doi:10.1136/openhrt-2019-001049

was defined as major for CTCAE grades of ≥3. In addition, the following cardiovascular events were analysed:
the occurrence of arterial embolic events (transient ischaemic attack, stroke or peripheral ischaemia), hypertension (defined by the occurrence of de novo hypertension
or the imbalance of pre-existing hypertension requiring
increased medical treatment, as recommended) and
death from cardiovascular causes. Finally, the prognosis
of the haematological disease was assessed by analysing
progression-free survival, defined as the time between the
first dose of ibrutinib and the onset of haematological
disease progression or death from any causes.
Statistical analysis
Quantitative data were expressed as medians (IQR), and
categorical data were expressed as numbers (percentages).
Comparison of observed time-to-IRAF in the study
population and expected time-to-AF in reference populations (on the one hand general population and on the
other hand patients with CLL) was performed using relative survival approach, which allowed to get standardised
incidence ratios (SIR) with their 95% CIs.22 Time-toIRAF analysis in the study population was conducted
using Kaplan-Meier method and Cox univariate regression models to estimate crude HRs with their 95% CIs.
A multivariate Cox regression model was then proposed
to assess the independent prognostic impact of a priori
selected clinical data. Firth’s correction was applied to
take into account the small number of events.23 24 As all
deaths occurred in patients having presented an IRAF
3
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Figure 1 Cumulative incidence of IRAF in the whole cohort (A) and comparison of incidence of new episodes of AF in the
cohort (Cohort) with the expected incidence in the age-comparable and sex-comparable general population (expected) (B).
SIR. The dashed lines represent de 95% CI of the IRAF incidence. AF, atrial fibrillation; IRAF, ibrutinib-related atrial fibrillation;
SIR, standardised incidence ratio.

Open Heart

episode, competing risks approach was not applied in
this setting.
Time-to-bleeding and progression-free survival analyses were also conducted using Kaplan-Meier method
and Cox univariate regression models with Firth’s
correction. Antithrombotic therapy was considered
as a time-varying covariate. The proportional hazards
assumption was checked using statistical tests based
on the assessment of the correlation between scaled
Schoenfeld residuals and time. No multivariate models
were proposed for these outcomes given the small
number of events.
Statistical analysis was carried out using R software
V.3.4.1. The following R packages were used for time-to
event analyses: survival, coxphf, and survexp.fr. All tests
were two-sided. A p value <0.05 was considered to be
significant.
4

Results
Baseline characteristics
In all, 54 patients were eligible during the study period,
and one was excluded due to lack of follow-up after the
first cardio-oncology consultation. The baseline characteristics are summarised in table 1. The patients had a
median age of 70 years (66–76) and were predominantly
men (74%). Six patients (10%) had a history of AF prior
to the initiation of ibrutinib. Of these patients, two were
receiving anticoagulation therapy (tinzaparin and rivaroxaban), one was receiving clopidogrel and three were
receiving no antithrombotic treatment despite a theoretical indication.
Incidence and risk of IRAF
In all, 14 patients (26%) experienced IRAF after a median
of 13 months (4–22) and the incidence rate was 25.0 per
Baptiste F, et al. Open Heart 2019;6:e001049. doi:10.1136/openhrt-2019-001049
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Figure 2 Predictors of IRAF by univariate (A) and multivariate (B) analyses. AF, atrial fibrillation; BMI, body mass index; IRAF,
ibrutinib-related atrial fibrillation; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction.
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Cumulative incidence of IRAF according to LAVI. IRAF, ibrutinib-related atrial fibrillation; LAVI, left atrial volume index.

100 person-years. The cumulative incidence of IRAF
was 21% (95% CI, 7 to 31), 23% (95% CI, 9 to 35) and
38% (95% CI, 19 to 53) at 6, 12 and 24 months, respectively (figure 1A). The median time to the first event
was 5.5 months (1.5–12). Episodes of IRAF were diagnosed within the first 6 months in 57% of the patients.
The incidence of IRAF was significantly higher than the
expected incidence of AF in the age-comparable and sexcomparable general population (SIR=14.9; 95% CI, 7.4
to 26.7; p<0.0001) (figure 1B). Similarly, in the subgroup
of patients receiving ibrutinib for CLL (n=38), the incidence of AF was significantly higher than that expected
in the population of patients with CLL not treated with
ibrutinib (SIR=15.0; 95% CI, 6.1 to 31.3; p<0.0001).
The majority of patients (64%) were asymptomatic at
the time of IRAF diagnosis. In the whole cohort, IRAF was
diagnosed by ECG during cardio-oncology consultations
in 79% of the cases. Holter ECG was performed in four
patients, and IRAF was detected only by this method in
two of these patients. Of the 17 patients who were monitored by 7-day advanced external loop recorder monitoring, all were asymptomatic, and one was diagnosed
with IRAF only by this method. Four cases (29%) of IRAF
were classified as major and no cardiovascular deaths
were observed in patients with IRAF.
Univariate analysis identified age, history of heart
failure and LAVI as significant factors for IRAF, but LAVI
Baptiste F, et al. Open Heart 2019;6:e001049. doi:10.1136/openhrt-2019-001049

of ≥40 mL/m2 remained the only independent predictor
of IRAF after multivariate analysis (figures 2 and 3).
Management and outcome of IRAF
The rate control strategy was selected in 10 patients
(71%) at IRAF diagnosis. Only beta-blockers were used
to control heart rate. Thus, a trend towards IRAF sustainability was observed between the time of initial AF characterisation and the end of follow-up. Indeed, the incidence rates of persistent and permanent AF increased
from 15% to 38% and from 0% to 15%, respectively. Only
one patient underwent electric cardioversion and then
catheter ablation but IRAF recurred after 8 days.
Among the patients with IRAF, all had an indication for
anticoagulation therapy as recommended. The median
CHA2DS2-Vasc score was 2 (1–3). In all, 12 of the 14
patients with IRAF underwent anticoagulation therapy
with vitamin K antagonists (64%), direct oral anticoagulants (21%) and low-molecular-weight heparin (14%).
Antiplatelet therapy was not used in any of the patients
with IRAF. No antithrombotic treatment was prescribed
for two patients due to a large pericardial effusion in one
and significant iterative thrombocytopenia in the other.
Of the 39 patients without IRAF, 18% were on antithrombotic therapy including direct oral anticoagulants (2.6%),
low-molecular-weight heparin (2.6%) and antiplatelet
drug (13%). No major bleeding was observed during
5
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Cumulative incidence of minor bleeding according to antithrombotic therapy.

follow-up in any patients of the cohort. However, minor
bleeding occurred in 15 patients (28%) at a median of
1.5 months (1.5–9.1), occurring in 73% of these patients
within the first 6 months. The cumulative incidence of
minor bleeding was 23% (95% CI, 10 to 33) at 6 months
and 34% (95% CI, 18 to 47) at both 12 and 24 months.
Of the patients who experienced bleeding, 60% were
on anticoagulants and 13% were on antiplatelet therapy
(online supplementary file 1). Thus, the only factor associated with the bleeding risk in the total cohort was the
use of one of the two antithrombotic therapies (HR=6.1;
95% CI, 2.3 to 17.5; p=0.0005) (figure 4). Neither the
presence of thrombocytopenia at the first visit (HR=1.42;
95% CI, 0.46 to 3.85; p=0.52) nor the HAS-BLED score
(HR=1.67; 95% CI, 0.91 to 2.91; p=0.09) were predictive
of bleeding events.
The occurrence of IRAF led to the temporary suspension of ibrutinib therapy in 29% for a median of 8 days
(5–16), a dose reduction 14% and definitive suspension
in no patients (see online supplementary file 2). The
details of IRAF management are summarised in online
supplementary file 3.
No embolic events were observed in the cohort. Ten
patients (19%) experienced hypertension related to
ibrutinib. In 50% of these cases, the patient had hypertension prior to ibrutinib therapy. Four episodes (8%) of
pericardial effusion were observed. No sudden deaths or
episodes of ventricular arrhythmia were described. Two
6

deaths related to haematological progression occurred.
The progression-free survival rate of CLL was 92% (95%
CI, 84 to 100) at 18 months, and IRAF was not associated
with the risk of progression (figure 5).
Discussion
In this multicentre prospective study, the cumulative incidence of IRAF was 38% at 2 years and the risk was 15-fold
higher than the risk of AF in both the general population and patients with CLL not exposed to ibrutinib. The
LAVI identified patients at high risk of developing IRAF.
No major bleeding events occurred in patients on ibrutinib, although the majority of patients with IRAF were
treated with anticoagulants.
Risk of IRAF
Ibrutinib is a therapeutic innovation that has significantly
improved the prognosis of patients with B-cell malignancies. As a result, the life expectancy of these patients is
getting closer to that expected in the general population,1 giving adverse events a greater impact on long-term
prognosis. AF is one of the main side effects of ibrutinib;
it may lead to therapy discontinuation and is associated with major management problems, including the
potential risk of bleeding with anticoagulants. Although
randomised clinical trials, meta-analyses and retrospective studies have estimated that the cumulative incidence
Baptiste F, et al. Open Heart 2019;6:e001049. doi:10.1136/openhrt-2019-001049
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Progression-free survival rate according to IRAF. IRAF, ibrutinib-related atrial fibrillation.

of IRAF ranges from 10% to 14% at 2 years,1 3 4 8–14 our
prospective study revealed a much higher rate (38%) at
2 years, the highest reported to date. This result can be
explained by the systematic screening strategy for IRAF.
Thus, IRAF was probably more diagnosed than in previous
studies, especially in asymptomatic patients. No previous
study used a standardised AF screening protocol; therefore, the results of this work emphasise the role of systematic cardio-oncology follow-up for patients on ibrutinib
without waiting for symptoms to appear. Indeed, 64% of
the patients in our study developed IRAF when they were
asymptomatic. However, this study could not accurately
analyse whether the use of 24 hours Holter ECG and longterm event recording was more effective than systematic
ECG in screening for IRAF. Nevertheless, nearly 80% of
the diagnoses were made with a simple ECG. The detection of asymptomatic IRAF by new technologies, such as
smartphone applications or smart watches with AF detection algorithms, might play a role in the early diagnosis
of this arrhythmia.
In clinical trials and epidemiological studies, the
median age of patients treated with ibrutinib is approximately 70 years.1 3 4 8 9 12 13 The risk of AF in the general
population is relatively high in this age group and
depends on other conditions, such as hypertension,25
which are frequently present in patients with CLL. Thus,
the additional risk of AF conferred by ibrutinib treatment was not well known. Compared with published
epidemiological results, the data in our study showed
that the risk of developing AF with ibrutinib was 15-fold
higher than that expected in the general population and
Baptiste F, et al. Open Heart 2019;6:e001049. doi:10.1136/openhrt-2019-001049

in the population of patients with CLL not exposed to
ibrutinib. This excess risk was higher than that hypothesised from the results of two meta-analyses, where the
incidence rate was threefold to fivefold higher than in
the general population.11 14
Although the pathogenesis of IRAF remains poorly
understood, patients exposed to ibrutinib represent a
group at very high risk of developing AF due to the association between common AF risk factors and the direct
effects of treatment. In this study, after adjusting for other
AF risk factors, only LAVI remained as an independent
predictor for the occurrence of IRAF. Left atrial remodelling is a crucial element in the pathogenesis of AF and
this observation is confirmed in patients treated with
ibrutinib. Small preliminary studies previously suggested
that signs of left atrial dilatation on the ECG or TTE
pattern were associated with a higher risk of IRAF.26 27
However, these studies did not assess LAVI, which is the
reference measure for left atrial remodelling. Thus,
our result further underscores the need for a complete
cardio-oncology evaluation, including the systematic
measurement of LAVI, before the initiation of ibrutinib
therapy and possibly proposes closer monitoring if the
value is ≥40 mL/m2. Unlike in other studies,13 a history
of AF prior to the initiation of ibrutinib therapy was not
independently associated with a higher risk of IRAF in
our work. This result can be explained by a lack of power,
but, above all, underscores the greater predictive value
of left atrial remodelling than of other measures on the
risk of IRAF.
7
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Limitations
The size of our cohort prevented us from answering
several questions, but our multicentre work provided
‘real-life’ data on the risk and management of IRAF.
These data are currently scarce and the relatively small
sample size is balanced by the use of a standardised cardiac-oncology monitoring protocol.
The CHA2DS2-Vasc score was used to estimate thromboembolic risk but was not validated in patients with malignancies. However, there is no other way to stratify embolic
risk in this oncologic population. Finally, we could not
compare the effect of direct oral anticoagulants versus
vitamin K antagonists in patients with IRAF, but no major
bleeding or thromboembolic events occurred with any of
these treatments.

8

Conclusions
This prospective multicentre cohort study with systematic
cardio-oncology follow-up showed that the risk of IRAF
was much higher than previously reported. The majority
of cases occurred in asymptomatic patients in the first
few months following the initiation of ibrutinib, justifying
standardised and close monitoring during this period.
Measurement of LAVI may help to identify the patients at
high-risk. Finally, the results suggested that the heart rate
control strategy was a relatively safe therapeutic option and
that anticoagulants could be considered in the absence of
significant bleeding risk.
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Management and outcome of IRAF
In this study, the therapeutic management of IRAF was left
to the discretion of each specialist, allowing the collection
of ‘real-life’ data. In the majority of cases, the rate control
strategy with beta-blockers was favoured over the rhythm
control strategy. This preference was probably related to
the good clinical tolerance of most IRAF episodes but also
the persistence of ibrutinib as a cause for AF, the potential interactions with calcium channel blockers or digoxin,
and the risk of recurrence after cardioversion or ablation.14
In addition, there is a risk of interaction between ibrutinib
and some anti-arrhythmic therapies (eg, amiodarone) used
in the rhythm control strategy, explaining the increase in
the rate of persistent and permanent AF during follow-up.
This management approach seems safe, considering the
absence of major cardiovascular events.
Regarding antithrombotic treatment, our study showed
that all patients who developed IRAF had an indication
for anticoagulants and that only very few patients did not
receive this treatment. More than 80% of the patients
were on anticoagulants, the highest rate reported to date.
Despite concerns about bleeding associated with the combination of ibrutinib plus anticoagulants, no patients experienced major bleeding events. However, our work showed
that patients were exposed to an increased risk of minor
bleeding, which confirms data from previous studies.28 This
result suggests that anticoagulants may be considered for
patients with IRAF if the thromboembolic risk is substantial
and significant bleeding risk factors are absent. However,
caution should be exercised during the first months of
therapy, when the bleeding risk is the highest, and the anticoagulant benefit–risk ratio should be regularly reassessed,
as in other patients with cancer. In our cohort, the majority
of patients with IRAF were treated with vitamin K antagonists, probably because of concerns about interactions
between ibrutinib and direct oral anticoagulants. However,
recent reports suggest that oral factor Xa inhibitors may
also be used for this indication.14 15 29
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