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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.

episode, competing risks approach was not applied in 
this setting.

Time-to-bleeding and progression-free survival anal-
yses 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.

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 charac-
teristics 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 rivar-
oxaban), one was receiving clopidogrel and three were 
receiving no antithrombotic treatment despite a theoret-
ical 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 
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Arrhythmias and sudden death

Figure 3  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, respec-
tively (figure  1A). The median time to the first event 
was 5.5 months (1.5–12). Episodes of IRAF were diag-
nosed 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 sex- 
comparable 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 inci-
dence 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 moni-
tored by 7-day advanced external loop recorder moni-
toring, 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 

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 sustain-
ability was observed between the time of initial AF char-
acterisation and the end of follow-up. Indeed, the inci-
dence 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 anticoag-
ulants (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 antithrom-
botic therapy including direct oral anticoagulants (2.6%), 
low-molecular-weight heparin (2.6%) and antiplatelet 
drug (13%). No major bleeding was observed during 
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Figure 4  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 asso-
ciated 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 suspen-
sion 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 hyper-
tension prior to ibrutinib therapy. Four episodes (8%) of 
pericardial effusion were observed. No sudden deaths or 
episodes of ventricular arrhythmia were described. Two 

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 inci-
dence of IRAF was 38% at 2 years and the risk was 15-fold 
higher than the risk of AF in both the general popula-
tion 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 ibru-
tinib, 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 malignan-
cies. As a result, the life expectancy of these patients is 
getting closer to that expected in the general popula-
tion,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 associ-
ated with major management problems, including the 
potential risk of bleeding with anticoagulants. Although 
randomised clinical trials, meta-analyses and retrospec-
tive studies have estimated that the cumulative incidence 
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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; there-
fore, the results of this work emphasise the role of system-
atic 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 long-
term 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 detec-
tion of asymptomatic IRAF by new technologies, such as 
smartphone applications or smart watches with AF detec-
tion 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 approx-
imately 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 treat-
ment 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 

in the population of patients with CLL not exposed to 
ibrutinib. This excess risk was higher than that hypoth-
esised 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 asso-
ciation 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 remod-
elling 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.

Figure 5  Progression-free survival rate according to IRAF. IRAF, ibrutinib-related atrial fibrillation.
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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 poten-
tial 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 combi-
nation of ibrutinib plus anticoagulants, no patients experi-
enced 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 anti-
coagulant 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 antag-
onists, 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

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 cardi-
ac-oncology monitoring protocol.

The CHA2DS2-Vasc score was used to estimate thrombo-
embolic risk but was not validated in patients with malig-
nancies. 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.

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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