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Ventricular arrhythmias and sudden death events
following acalabrutinib initiation
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KEY PO INT S

• Patients treated with
next generation BTKi
therapyacalabrutinib still
see a >8 fold risk of
ventricular arrhythmia
and sudden death
events.

•Ventricular arrhythmias
may be a class effect of
BTKi therapy, and
vigilance is needed.
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Acalabrutinib, a next-generation Bruton’s tyrosine kinase inhibitor (BTKi), associates with
dramatic efficacy against B-cell malignancies. Recently, unexplained ventricular arrhythmias
(VAs) with next-generation BTKi-therapy have been reported. Yet, whether acalabrutinib
associates with VAs in long-term follow-up is unknown. Leveraging a large-cohort of 290
consecutive B-cell malignancy patients treated with acalabrutinib from 2014 to 2020, we
assessed the incidence of VAs. The primary-endpoint was incident VA development (ven-
tricular fibrillation, ventricular tachycardia, and symptomatic premature ventricular
contractions). Probability-scores were assessed to determine likelihood of acalabrutinib-
association. Incident rates as function of time-on-therapy were calculated. Weighted
average observed incidence rates were compared with expected population rates using
relative-risks. Absolute excess risk (AER) for acalabrutinib-associated VAs was estimated.
Over 1063 person-years of follow-up, there were 8 cases of incident-VAs, including 6 in
/blood_bld-2022-016953
those without coronary disease (CAD) or heart failure (HF) and 1 sudden-death; median time-to-event 14.9 months.
Among those without prior ibrutinib-use, CAD, or HF, the weighted average incidence was 394 per 100 000 person
years compared with a reported incidence of 48.1 among similar-aged non–BTKi-treated subjects (relative risk, 8.2;
P < .001; AER, 346). Outside of age, no cardiac or electrocardiographic variables associated with VA development.
Collectively, these data suggest VAs may be a class-effect of BTKi therapies.
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Introduction
Acalabrutinib is a novel next-generation Bruton’s tyrosine kinase
inhibitor (BTKi) associated with dramatic efficacy against various B-
cell malignancies and is now approved as indefinite therapy in
those without intolerance or disease progression.1-5 In animal and
clinical studies, acalabrutinib shows less cardiac atrial activity than
ibrutinib, a first-generation BTKi.6,7 However, emerging reports of
unexplained cases of incident ventricular arrhythmias (VAs) and
sudden cardiac death with second (next)-generation BTKi therapy
have been reported.8 With ibrutinib, similar insidious ventricular
events were not appreciated until well after initial clinical use.9,10

Yet, whether this is also seen with next-generation BTKi therapy
in long-term follow-up is unknown.

Study design
Leveraging data from a large and contemporary United States–
based Comprehensive Cancer Center cohort of consecutive
22 | VOLUME 140, NUMBER 20
patients treated with acalabrutinib from 2014 to 2020 following
institutional review board approval, we explored the rate of inci-
dent (first-ever) symptomatic VAs. Study patients included adults
≥18 years old, treated with acalabrutinib for a hematologic
malignancy. Patients with incomplete medical records for the
variables of interest or fewer than 7 days of acalabrutinib use were
excluded (supplemental Figure 1, available on the Blood Web
site). We manually searched all subject charts for incident VAs.
Symptomatic premature ventricular tachycardia, sustained ven-
tricular tachycardia (VT), and ventricular fibrillation were consid-
ered incident VAs.11 Arrhythmia episodes were graded using the
Common Terminology Criteria for Adverse Events v5.0, followed
by adjudication by independent cardiologists.11,12 VA-associated
symptoms included chest pain, palpitations, dizziness, syncope,
heart failure symptoms, and sudden cardiac death.

Our primary outcome was the development of incident symp-
tomatic VAs following acalabrutinib initiation. The secondary
outcome was the development of any symptomatic arrhythmia

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.2022016953&domain=pdf&date_stamp=2022-11-17
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Figure 1. Representative ECG rhythm strips from patients with ventricular arrhythmias following acalabrutinib initiation. Representative ECG rhythm strip from a
patient (A) with unexplained ventricular tachycardia episodes nearly 6 weeks after acalabrutinib initiation for chronic lymphocytic leukemia, as well as (B) from a patient with
symptomatic premature ventricular contractions nearly 20 months after acalabrutinib initiation. Acalabrutinib dose was 100 mg twice daily, and symptoms included fatigue,
palpitations, and shortness of breath. ECG, electrocardiogram; HR, heart rate.
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(supraventricular tachycardia [SVT] or VA). Follow-up began from
acalabrutinib initiation. Univariable and multivariable Fine and
Gray regression analyses accounting for competing risks were
performed to determine the association between baseline cova-
riates and outcomes. Survival analysis techniques were used to
estimate the cumulative incidence of VAs. Person-year incidence
rates for VA development on acalabrutinib were calculated.
Descriptive statistics were used to summarize patient characteris-
tics, using mean ± standard deviation or median (interquartile
range) for continuous variables and frequency counts with per-
centages for categorical variables. Additionally, subgroup analysis
among patients without prior/baseline myocardial infarction and/
or left ventricular ejection fraction of <50% (systolic heart failure)
was performed. Observed idiopathic VA rates were compared
with expected incidence rates derived from published contem-
porary data from the Rochester Epidemiology Project, and
ibrutinib-reported rates, using calculated relative risks (RRs).9,11

Absolute excess risk was calculated by subtracting the expected
number of cases from the number of observed, multiplying by
100 000, and finally dividing by person years at risk. A Naranjo
probability score was calculated for each event to determine the
likelihood of acalabrutinib association, with a score of ≥5, sug-
gestive of at least probable association.13

Results and discussion
Overall, 290 patients with median age of 63.9 ± 10.3 years (and
28.6% female, 58.9% hypertensive, 15.2% diabetic, 4.5% with
myocardial infarction, 5.5% with heart failure) were treated with
VENTRICULAR ARRHYTHMICS EVENTS WITH ACALABRUTINIB
acalabrutinib for hematologic malignancies (supplemental
Table 1). Most (89%) had chronic lymphocytic leukemia, and
>95% (95.9%) had an Eastern Cooperative Oncology Group
performance status of 0 to 1. Concurrent or prior anticancer
therapy was used in 175 (60.3%), including 77 (26.6%) previ-
ously treated with ibrutinib; no patients received anthracyclines.
The median duration of acalabrutinib use was 42 months.

Over a median follow-up of 42.3 months (range, 0.1-89),
10 patients developed symptomatic VAs (including 1 sudden
death/ventricular fibrillation and 1 recurrent sustained VT), of
which 80.0% (8) had at least probable association with acalab-
rutinib (Figure 1; supplemental Table 2). Twenty-nine devel-
oped any symptomatic arrhythmia (8 with non-AF SVTs). Among
those with VAs of at least probable acalabrutinib association,
the median time to event was 14.9 months (range, 1.1-55.8),
whereas the median time to any arrhythmic event was 12.7
months (range, 0.5-70.3). Two patients required acalabrutinib
discontinuation, and 1 required an implanted cardiac defibril-
lator for VT (supplemental Table 3). Over the 1063 person years
of acalabrutinib exposure, the corresponding estimated
100 000 person-year VA incidence rate was 818.

Outside of older age, no cardiovascular or electrocardiographic
variables were found to be associated with VAs (supplemental
Table 4). Yet, prior AF, prolonged corrected QT, and widened
QRS complex, respectively, were associated with development
of any arrhythmia (VA plus SVT). In a multivariable model, only
prior AF was associated with arrhythmic events.
17 NOVEMBER 2022 | VOLUME 140, NUMBER 20 2143
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Figure 2. Ventricular arrhythmia incidence rates in acalabrutinib users vs
ibrutinib and non–BTKi-treated populations. VA crude (A) and cumulative (B**)
incidence rates in acalabrutinib users vs ibrutinib and non–BTKi-treated pop-
ulations, respectively. *Those without prior ibrutinib or structural heart disease.
**Assumes a linear event rate over time.
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Furthermore, among those without baseline coronary disease
and systolic heart failure, 6 patients had an incident VA
event, corresponding to an estimated 100 000 person-year
incidence rate of 685 (supplemental Figure 2). In those without
prior ibrutinib treatment, the estimated person-year incidence
rate was 393.9 (Figure 2). When compared with a reported
ibrutinib-related VA incidence of 596 per 100 000 person years,9

this represented a RR of 0.66. Yet, when compared with a
reported idiopathic VA incidence of 48.1 among similar non-
acalabrutinib subjects,11 this still translated into an observed vs
expected RR of 8.2 (P < .001) and absolute excess risk of 346.

In this evaluation of ventricular events after acalabrutinib initiation,
nearly 3% developed a cardiotoxic VA event, including 1 with sud-
den death. In long-term follow-up, the excess risk of VA events was
over eightfold higher than expected. This pattern remained, even
after accounting in the presence or absence of structural heart dis-
ease and prior ibrutinib use. This observation is concerning, partic-
ularly given the rapid rise in acalabrutinib utilization and
the potentially serious consequences of unrecognized cardiotoxic
VA events.

Postmarket surveillance is pivotal to the recognition of unantici-
pated effects with many therapeutics. With ibrutinib, clinical and
disproportionality analyses revealed signals of higher ventricular
events not initially appreciated in clinical trials.9,10,14 Due to the
confounding nature of VA events in older populations, particularly
2144 17 NOVEMBER 2022 | VOLUME 140, NUMBER 20
during times of stress, and seemingly isolated event presentations,
appreciation of potential associations may be not be well recog-
nized. Further, the potential association of BTKis with VAs was not
known until after the initiation of early next-generation trials,
including ELEVATE-RR.7,9,10 Within this study, all rhythm strips,
electrocardiograms, and mobile cardiac monitors were manually
adjudicated by independent cardiologists, which was not available
within early trials. Although the exact mechanisms behind these
events are not well understood, late sodium current–enhanced
automaticity and enhanced fibrosis have been proposed.8,9,15

Limitations include VAs range in severity, and some intermittent
baseline or postinitiation events were unrecognized. Some sudden
death events were excluded due to overlap with other events
(ie, infection) and thus not included in the final estimate. Further,
some out-of-hospital cardiac events may have gone uncaptured
despite extensive search.

In summary, acalabrutinib is associated with an increased risk of
incident VA events in long-term follow-up. Given the antici-
pated increase in acalabrutinib use, clinicians should still
monitor for VA symptoms and maintain a low threshold for
cardiac workup. Further research targeting the mechanism(s)
and prevention of ventricular arrhythmias among patients
receiving BTKi therapies is needed.
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