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Abstract

Background First generation Bruton tyrosine kinase inhibitors (BTKi) such as ibrutinib have been associated with
cardiovascular toxicities. Newer generation BTKi (e.g.acalabrutinib and zanabrutinib) have been associated with lower
incidence of cardiotoxicity in clinical trials.

Objective Given paucity in real-world data on the overall cardiac risk factor profile, especially with the newer BTKi,
our study evaluated the incidence of cardiotoxicity with various BTKi among a large, commercially insured population
of patients.

Methods We performed a retrospective cohort analysis of all adults with a diagnosis of B-cell malignancy
undergoing treatment with BTKi acalabrutinib and ibrutinib between January 2018 and June 2020 using Optum’s
de-identified Clinformatics® Data Mart Database. We then identified patients who had pre-existing cardiac disease
one year prior to starting BTKi. New incidence of atrial fibrillation/flutter, hypertension, bleeding, ventricular
tachycardia/fibrillation and sudden cardiac death from the time of index presciption were compared with standard
Chi Square or Student t-test where appropriate. Multivariate logistic regression models were also estimated to
evaluate for confounding.

Results A total of 1691 patients were included in the final analysis. 1595 (94%, median age 75 (19-90) years, 61%
male gender) patients received ibrutinib, and 96 (6%, median age 73.5 (32-90) years, 62.5% male gender) patients
received acalabrutinib. The median duration of drug exposure of ibrutinib was 238 (2-1084) days vs. 150 (30-870) days
for acalabrutinib. There was lower new incidence of atrial fibrillation/flutter (4.6%-vs-17%, p=0.013), hypertension
(6.3%-vs-25%, p=NS), sudden cardiac arrest/death (0% vs. 1.5%, p=NS) in the acalabrutinib group compared to
ibrutinib, of which only the lower incidence of atrial fibrillation/flutter was statistically significant. This was despite the
finding of a higher prevalence of atrial fibrillation/flutter at baseline in patients receiving acalabrutinib.

Conclusions There was lower incidence of new atrial fibrillation/flutter with acalabrutinib when compared to
ibrutinib in a real-world cohort of patients.
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Background
Chronic lymphocytic leukemia (CLL) is the most com-
mon adult leukemia and is characterized by accumu-
lation of malignant mature B cells in the bone marrow,
peripheral blood, lymph node and spleen [1]. Bruton’s
tyrosine kinase (BTK) plays a crucial role in the survival
and proliferation of leukemic cells in many B-cell malig-
nancies, including CLL, small lymphocytic leukemia
(SLL), diffuse large B-cell lymphoma, Waldenstrom’s
macroglobulinemia, mantle cell lymphoma, marginal
zone lymphoma, as well as chronic graft versus host dis-
ease [2—5]. The development of Bruton tyrosine kinase
inhibitors (BTKi) has been a significant advancement in
the treatment of CLL and related B-cell malignancies.
BTKi have revolutionized treatment for B-cell malignan-
cies due to higher efficacy in patients with high-risk fea-
tures as well as better tolerability in elderly patients when
compared to conventional chemotherapy [6]. However,
BTKi have been shown to increase incidence of cardiac
and vascular side-effects in clinical trials [7]. Ibrutinib
was the first BTKi to be granted accelerated approval by
US Food and Drug Administration (FDA) in 2013 after a
landmark trial by Byrd et al. [8, 9]. Ibrutinib has proven
to be highly efficacious in B-cell malignancies. However,
atrial fibrillation (AF) emerged as an important treatment
related side-effect that warranted closer inspection at its
cardiotoxicity risk profile [7]. There are also reported
incidence of hypertension, ventricular arrhythmias,
including ventricular tachycardia, ventricular fibrillation
and sudden cardiac death that can occur as soon as 65
days from initiation of ibrutinib [10, 11], with a median
onset of 7.6 months for atrial fibrillation with BTKi [12].
This led to the development of acalabrutinib and zanu-
brutinib which are selective BTKi that demonstrated
superior progression-free survival in a phase III clinical
trial for patients with previously untreated or relapsed or
refractory CLL [13, 14]. The phase III clinical trial also
showed a lower incidence of AF/atrial flutter, hyperten-
sion, and cardiac events [15, 16] in acalabrutinib. A more
recent paper by Brown JR et al. revealed that in patients
with relapsed or refractory CLL/SLL, not only was pro-
gression-free survival significantly longer in patients that
received zanubrutinib vs. ibrutinib, but that fewer car-
diac adverse events were also seen in the former [17].
However, the overall side-effect profile of the selective
BTKi is less clear given the lack of real-world data. In the
present study, we sought to identify the incidence of car-
diotoxicity among patients treated with a BTKi among a
large, commercially insured population of patients.

Methods

Study cohort

Data for this study were obtained from Optum’s Clinfor-
matics® Data Mart (CDM), a database of administrative
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health claims for members of large commercial and
Medicare Advantage health plans. This database consists
of claims data from inpatient facilities, outpatient facili-
ties, providers, laboratories, and pharmacies consisting of
a cohort of >15 million patients annually.

We identified all adult (age>18 years) patients with a
diagnosis of CLL, SLL, mantle cell lymphoma, Walden-
strom’s macroglobulinemia, marginal zone lymphoma, or
“other” who were on a BTKi using the International Sta-
tistical Classification of Diseases, Ninth and Tenth Revi-
sion codes used to identify these diseases Supplemental
Table 1). Patients who filled the first prescription for ibru-
tinib, acalabrutinib, or zanubrutinib in the database were
identified from January 2018 until June 2020 to reduce
selection bias and ensure that patients were on the BTKi
for a similar duration. We then identified patients who
had pre-existing cardiac disease including hypertension,
atrial fibrillation/flutter, ventricular tachycardia/fibrilla-
tion, sudden cardiac arrest, as well as bleeding one year
prior to starting BTKi using International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-
9-CM) and Tenth Revision, Clinical Modification (ICD-
10-CM) (Supplemental Table 2). We excluded patients
from the study if they did not have continuous insurance
enrollment one year prior and at least six months follow-
ing the index event of prescription. Patients without any
pharmacy claims for 12 months prior to index event of
prescription and patients without any pharmacy claims
at least 365 days prior to the index event of prescription
were also excluded. Figure 1 outlines the cohort study
algorithm.

Predictor variables

We collected baseline variables of age, gender, race,
comorbidities including hypertension, hyperlipidemia,
heart failure, history of myocardial infarction, obesity
(Supplemental Table 3). Most patients were in the Mid-
west, South and Southeast. Demographic and socioeco-
nomic data, including median household income, were
available through zip code-linked enrollment data from
the US Census Bureau. Race and ethnicity were deter-
mined in this database through a combination of pub-
lic records, self-report, and proprietary ethnicity code
tables.

Outcome variables

The primary variable was incidence of new cardiotoxic-
ity after starting BTKi including atrial fibrillation/flutter,
hypertension, ventricular tachycardia/fibrillation, sudden
cardiac arrest and bleeding in those that did not carry a
prior diagnosis to better highlight that these toxicities
occurred in patients that did not have a predilection for
them.
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3,332 patients who had their
first prescription of any of the 3
BTKi from January 1,2018 to
June 30, 2020) were selected
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Fig. 1 Study cohort algorithm

Statistical analyses

We compared patients who received their first acalabru-
tinib and ibrutinib during January 2018 to June 2020. For
each group, we presented frequency and percentage for
the summary statistics. Categorical variables were com-
pared using Chi-square testing. Continuous variables
were compared using Student t test. We estimated multi-
variate logistic regression models with the first diagnosis
of atrial fibrillation/flutter, hypertension, bleeding, and
ventricular arrhythmias as dependent variables for each
model, and the independent variables is the medication
type the patient was first prescribed and the covariates
including age, gender, and comorbidities. Statistical anal-
yses were performed using SAS, version 9.4 (SAS Insti-
tute Inc).

Results

A total of 1691 patients were identified after applying the
exclusion criteria. Of these, 1595 (94%) patients received
ibrutinib, and 96 (6%) patients received acalabruti-
nib. Zanubrutinib was excluded when only 5 patients
returned. Baseline characteristics are outlined in Table 1.
Median age was noted to be 73.5 years+10.2 years (range
32-90 years) for acalabrutinib and 75 years+10.3 years
(range 19-90 years) for ibrutinib group. Gender and
baseline incidence of cardiac comorbidities was similar
between both groups.

There was no statistical difference in the prevalence
of hypertension (83%-vs-81%), bleeding (25%-vs-27%,
p=NS), sudden cardiac arrest/death (1% vs. 0.8%, p=NS),
ventricular tachycardia/fibrillation (4% vs. 4%, p=NS)
prior to starting BTKi acalabrutinib vs. ibrutinib. How-
ever, there was higher prevalence of atrial fibrillation/

“Imore than 365 days before the index
event of prescription were excluded

flutter at baseline in patients receiving acalabrutinib
compared to ibrutinib (31%-vs-22%, p=0.030) (Table 2).
After starting targeted therapy, 12/96 (13%) in the aca-
labrutinib arm and 409/1595 (26%) in the ibrutinib arm
developed cardiotoxicities, as further detailed in Table 3.
A patient may have developed more than one toxicity.
The median duration of drug exposure was 150 (30-870)
days in the acalabrutinib group, and 238 (2-1084) days
in the ibrutinib group. The incidence of atrial fibrilla-
tion/flutter (4.6%-vs-17%, p=0.013; odds ratio (OR) 4.4,
95% CI, 1.36—14.22, p=0.013) was statistically higher in
patients receiving ibrutinib compared to acalabrutinib.
The incidence of specific toxicities such as hyperten-
sion (6.3%-vs-25%, p=NS) and sudden cardiac arrest/
death (0%-vs-1.5%, p=NS) were lower in the acalabruti-
nib group compared to ibrutinib; however, these did not
reach statistical significance. The incidence of ventricular
tachycardia/fibrillation (2%-vs-2.5%, p=NS) and bleed-
ing (10%-vs-13%, p=NS) was similar between the two
groups. Of the 213 patients with atrial fibrillation/flutter
while on ibrutinib, only 4 were switched to acalabrutinib.

Multivariate analysis (Fig. 2) revealed that older
patients [OR 1.03 (95% CI 1.01-1.05, p=0.0004)] and
those with heart failure with reduced ejection frac-
tion [OR 1.96 (1.00-3.8, p=0.049)] were more likely to
be diagnosed with atrial fibrillation/flutter. Men had a
higher incidence of bleeding while on either BTKi com-
pared to women [OR 2.0 (95% CI, 1.4-2.97, p=0.0002)].
Male gender, obesity, hypertension, systolic heart failure
and history of myocardial infarction increased the risk of
ventricular tachycardia/fibrillation and sudden cardiac
arrest/death.
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Table 1 Baseline characteristics of patients receiving lbrutinib and Acalabrutinib
Acalabrutinib Ibrutinib p-value
(n=96) (n=1595)
Frequency (%) Frequency (%)
Age group
18-54 3(3) 74 (5) 0.754
55-64 16 (17) 216 (13.5)
65-74 31(32) 506 (32)
>75 46 (48) 799 (50)
Gender
Female 36 (37.5) 618 (39) 0.807
Male 60 (62.5) 977 (61)
Race
Asian 1(1) 29 (2) 0.856
Black 7(7) 131 (8)
Hispanic 6 (6) 137 (9)
White 67 (70) 1082 (68)
Unknown/missing 15(16) 216 (13.5)
Education level
Less than 12th grade 0(0) 6 (0.4) 0.108
High school diploma 15 (16) 394 (25)
Less than bachelor degree 46 (48) 764 (48)
Bachelor degree plus 24 (25) 260 (16)
Unknown/missing 11(11.5) 171(11)
Household income range
<$40K 18(19) 317 (20) 0618
$40K-$49K 8(8) 94 (6)
$50K-$59K 4(4) 136 (8.5)
S60K-574K 11071 161 (10)
$75K-$99K 15 (16) 226 (14)
$100K+ 26 (27) 374 (23.5)
Unknown/missing 14 (15) 287 (18)
Occupation type
Manager/owner/professional 4 (4) 88 (6) 0.874
White collar/health/civil service/military 5(5 86 (5)
Blue collar 2(2) 52 (3)
Homemaker/retired 11(11.5) 146 (9)
Unknown/missing 74.(77) 1223 (77)
Federal poverty status
Above 400% FPL 82 (85) 1308 (82) 0.396
Below 400% FPL 0(0) 0(0)
Unknown/Missing 14 (15) 287 (18)
Comorbidities
Obesity 28 (29) 384 (24) 0.259
HTN 80 (83) 1288 (83) 0.532
Dyslipidemia 70(73) 1174 (74) 0.881
Systolic heart failure (heart failure with reduced ejection fraction) 13(13.5) 111 7) 0.016
History of myocardial infarction 11(11.5) 150 (9) 0.505
Peripheral artery disease 32(33) 471 (30) 0428
Cerebrovascular disease 19 (20) 284 (18) 0.622
Chronic kidney disease 30(31) 442 (28) 0452
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Table 2 Prevalence of cardiovascular events prior to initiation of BTKi
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Acalabrutinib Ibrutinib p-value
(n=96) (n=1595)
Frequency (%) Frequency (%)
Atrial fibrillation/atrial flutter 30(31) 347 (22) 0.030
Hypertension 80 (83) 1288 (81) 0.532
Bleeding 24 (25) 417 (27) 0.804
Sudden cardiac arrest/death 1(1) 12(0.8) 0.753
Ventricular tachycardia/fibrillation 4 (4) 60 (4) 0.840
Table 3 Incidence of cardiovascular events after initiation of BTKi
Acalabrutinib Ibrutinib p-value
(n=12) (n=409)
Frequency (%) Frequency (%)
Atrial fibrillation/atrial flutter 3(4.6) 213(17) 0.013
Hypertension 1(6.3) 77 (25) 0.121
Bleeding 7 (10) 156 (13) 0.392
Sudden cardiac arrest/death 0(0) 23(1.5) 0.972
Ventricular tachycardia/fibrillation 2(2) 38 (2.5) 0.856
o Toei Lo ] N
Ibrutinib vs Acalabrutinib s 1361422 0.013 - o e o Towm
Age t 1.03 1.01-1.05 0.0004
Male =] 129 QTS | QS Age * 1.02 0.99-1.04  0.194
Obesity Ll 0.99 0.69-1.43  0.967 Male L1 0.86 049-1.47  0.569
Hypertension Lol 1.16 0.78-1.73 0.463 Obesity i 1.25 057-2.76 0.582
Dyslipidemia Y 095 0.66-135  0.754
Systolic heart failure —— 1.96 1.003.8 0049 Dyslipidemia ™ 1.29 075222  0.364
Myocardial infarction — 0.99 0.55-1.81 0.990 Peripheral arterial disease — 123 0.62-2.47 0.553
Peripherallarterialidiseace ™ 025 BEBA55 | 076D Cerebrovascular disease 109 037324 0879
Cerebrovascular disease i 101 0.65-1.56  0.977
o = Chronic kidney disease 1.86 0.79-4.31 0.151
Chronic kidney disease - 0.87 0.61-1.25  0.464 i
0 A 5 a5 10 135 0 10 20 30
OR and 95% CI OR and 95% CI
T T o Tea o]
Ibrutinib vs Acalabrutinib — 2 QEee |02 Ibrutinib vs Acalabrutinib 144 064324 0373
Age . 46D 0.97-1.03  0.783 Age " 1.02 0.99-1.04  0.091
Male —— 24 Lapnen | 0wy Male —_— 20 14297 00002
Obesity Loy 17 1030 0.049 Obesity . 0.9 0.6-1.4 0.745
Hypertension 4.1 12-13.8  0.021 Hypertension ————— 11 0.69-1.73  0.698
Dyslipidemia R 0:67 036125 0211 Dyslipidemia — 0.9 06314 0768
Systolic heart failure —_— 2.9 14-62 0.005 Systolic heart failure . 1.1 057-2.12  0.766
Myocardial infarction . 25 1.2-5.0 0.012 Myocardial infarction — . 1.45 0.82-2.57  0.202
Peripheral arterial disease i 1.0 0.6-1.8 0.917 Peripheral arterial disease — 0.8 0.57-1.26 0413
Cerebrovascular disease — 0.96 0.5-1.9 0.902 Cerebrovascular disease 0.99 0.63-1.57  0.979
Chronic kidney disease ol 0.8 0.4-1.4 0.432 Chronic kidney disease | il 0.76-1.64  0.585
0 25 5 75 10 125 0 2 3
OR and 95% CI OR and 95% CI

Fig. 2 Primary endpoints of cardiotoxicity with BTKi in a multivariate analysis. After starting targeted therapy with BTKi, incidence of atrial fibrillation/
flutter was higher in patients receiving ibrutinib compared to acalabrutinib [OR 4.4 (95% Cl, 1.36-14.22, p=0.013)]. Older patients and those with heart
failure with reduced ejection fraction were more likely to be diagnosed with atrial fibrillation/flutter. Men had higher incidence of bleeding while on either
BTKi compared to women. Male gender, obesity, hypertension, systolic heart failure and history of myocardial infarction increased the risk of ventricular
tachycardia/fibrillation and sudden cardiac death. BTKi-bruton tyrosine kinase inhibitors, Cl-confidence interval, OR-odds ratio, SCD-sudden cardiac

arrest/death, VF-ventricular fibrillation, VT-Ventricular tachycardia

Discussion

Ibrutinib is the first BTKi in its class, and its toxicity pro-
file has been well characterized [18]. The cardiovascular
toxicities include hypertension, supraventricular and
ventricular arrhythmias, increased risk of bleeding and
central nervous system hemorrhage [15, 16]. A study by
Salem et al. also found that ibrutinib was also associated

with a higher risk of heart failure, conduction disorders,
CNS ischemic events in addition to these, when com-
pared to all the other drugs in the Vigibase (International
pharmacovigilance database) [16]. Another population-
based cohort study by Abdel-Qadir et al. looking at
Ontario patients found that ibrutinib was associated with
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a higher risk of AF, bleeding, and heart failure, but not
acute myocardial infarction nor stroke [19].

In a retrospective cohort study of patients with CLL,
development of AF was the most common cause of dis-
continuation of ibrutinib [20]. In a meta-analysis of four
randomized clinical trials of patients with CLL, SLL, and
mantle cell lymphoma treated with ibrutinib vs. non-
ibrutinib therapy, the pooled incidence rate of AF in the
ibrutinib group was 3.3 per 100 years compared to 0.84
per 100 person years in the non-ibrutinib group [21].
Avalon JC et al. also found that pre-existing cardiovascu-
lar disease was associated with a significantly higher rates
of atrial fibrillation/arrhythmias as well as mortality in
those receiving treatment with ibrutinib [22].

Recently, BTKi with higher selectivity for BTK have
been developed and it has been postulated that more
selectivity may lead to fewer off-target cardiovascular
side effects [23, 24]. The phase III clinical trial compar-
ing the safety and efficacy of ibrutinib to acalabrutinib
showed lower incidence of AF/atrial flutter in the acala-
brutinib treated patients compared to ibrutinib (9.4%-vs-
16%, P=0.02), hypertension (9.4%-vs-23.2%) with a total
incidence of cardiac events being 24.1%-vs-30% [25].
Kaplan-Meier analyses of cumulative incidence showed
hazard ratios of 0.52 (95% CI, 0.32 to 0.86) and 0.34 (95%
CI, 0.21 to 0.54) favoring acalabrutinib for AF or atrial
flutter and hypertension, respectively [25]. A pooled
analysis of safety data from clinical trials with acalabruti-
nib in B-cell malignancies also showed lower incidence of
hypertension and atrial fibrillation at 8% and 4% respec-
tively [26]. However, trial data often do not reflect the
complex co-morbidities of real-world patients. A paper
by Bhat et al. found that ventricular arrhythmias and ven-
tricular ectopy was 8-fold higher in an almost 300 patient
cohort treated with acalabrutinib at Ohio State although
the severity/grading of these events is unknown [27].

To our knowledge, this study is the first real-world
study done comparing cardiovascular toxicities among
various BTKi. In our study, we found lower incidence of
atrial fibrillation/flutter with selective BTKi, acalabru-
tinib. There was lower incidence of hypertension and
sudden cardiac death/arrest, although this did not meet
statistical significance. Notably, the incidence of sud-
den cardiac arrest/death with acalabrutinib was noted
to be 0%. It is possible that a small sample size in the
acalabrutinib group played a role in the lack of statisti-
cal significance. One important point to note is that
the mean age in our study was older in the 70s, versus
median of 66 years in the phase III clinical trial com-
paring the two agents [24]. This may also be contribut-
ing to the increased prevalence of hypertension in our
study population. Patients with significant cardiovascu-
lar disease were also excluded in that trial while>20% of
patients in this study had pre-existing AF. Acalabrutinib
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was approved in November 2019 for CLL and SLL based
on two landmark clinical trials based on efficacy and pro-
gression free survival [13, 14], and ibrutinib’s approval
nearly five prior years prior may explain the lower num-
ber of individuals in the acalabrutinib group since the
Clinformatics® database currently only includes data up
to June 2020 at the time of our analysis. Acalabrutinib
was granted accelerated approval by the FDA for mantle
cell lymphoma in October 2017, but this is a rare disease.

The prevalence of atrial fibrillation/flutter prior to ini-
tiation of BTKi was higher in the acalabrutinib group
compared to ibrutinib (31% vs. 22%, p=0.030, outlined
in Table 2). One hypothesis is that oncologists may be
more likely to use acalabrutinib in those that are felt to
be at especially high risk of cardiotoxicity, creating selec-
tion bias. Despite the bias, there was a lower incidence
of new atrial fibrillation after starting acalabrutinib com-
pared to ibrutinib (4.6%-vs-17%, p=0.013). The incidence
is similar to that reported in clinical trial data of 4—9%.
Atrial fibrillation with BTKi is thought by some to occur
because of reduction in PI3K-AKT pathway signaling.
This may be due to a direct off-target effect due to cross
talk between BTK and PI3K-AKT pathways resulting in
inhibition of the latter pathway [28, 29]. Xiao et al. sug-
gest that atrial fibrillation may be caused by inhibition
of C-terminal Src kinase based on a mouse study [30].
Acalabrutinib’s enhanced specificity for BTK and/or less
inhibition of C-terminal Src kinase may cause lower oft-
target effects, explaining the lower incidence of atrial
fibrillation in our cohort of patients.

Interestingly, only 4/213 (2%) of the patients with atrial
fibrillation/flutter while on ibrutinib were switched to
acalabrutinib. This low number is most likely due to the
availability of alternative classes of therapies that carry no
risk of atrial arrhythmias that can be used in lieu of BTKi.
It may also be due to the slow adoption of a new treat-
ment as seen with new therapies in general.

Given that multivariate analysis revealed that patients
with heart failure with reduced ejection fraction were
more likely to be diagnosed with atrial fibrillation, it may
be worth considering a more selective BTKi especially in
this population.

Limitations

Our study has several limitations. First, the use of an
administrative database limits in-depth details of the
circumstances around individual patient care decisions.
Second, the smaller sample size with acalabrutinib com-
pared to ibrutinib is likely due to FDA approval for acala-
brutinib occurring more recently in November 2019. It is
possible that another analysis of the cohort available from
June 2020 and beyond may yield a different result since
acalabrutinib may be more widely used with time, espe-
cially since the National Comprehensive Cancer Network
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updated their Clinical Practice Guidelines in Oncology to
include acalabrutinib as a Category 1 preferred treatment
option (nccn.org). The median duration of drug exposure
was also higher in the ibrutinib group, and thus this may
have had an impact on the incidence of cardiovascular
events, although we did attempt to keep drug exposure
rates similar by assessing only new incidence of cardio-
vascular events within six months of BTKi initiation.
However, the incidence of cardiovascular toxicities may
increase with time, and thus may not be fully captured
in our study. Another limitation is that CLL/SLL and
the other B-cell malignancies primarily affect the elderly,
many of whom are >65 years of age and who are likely
covered by some form of government-insured program
such as Medicare. The incidence of atrial fibrillation and
cardiovascular disease increases with age, and by exclud-
ing Medicare patients, this may exclude many patients at
greater risk for cardiovascular side effects. The Optum
database cohort thus may miss a large swath of the popu-
lation within the United States that is receiving treatment
with BTKi, although our cohort includes patients who
are covered by Medicare Advantage. A large, prospec-
tive multi-center study is especially needed to evaluate
the true incidence of cardiotoxicity with selective BTKi.
Third, due to the small number of patients receiving
zanabrutinib, this group was excluded from the study
analysis. This may be especially relevant since phase III
data suggests zanubrutinib has fewer off-target effects
and less cardiotoxicity than ibrutinib [31, 32], similar
to acalabrutinib. A future direction includes evaluat-
ing all three BTKi, as well as non-covalent BTKi that are
in development such as pirtobrutinib [33]. Fourth, we
evaluated incidence of only hypertension, atrial fibril-
lation/flutter, ventricular arrhythmias, sudden cardiac
arrest/death, and bleeding due to lack of resources to
assess other toxicities. However, there are other cardio-
toxicities that have been associated with BTKij, such as
conduction disorders and central nervous system hemor-
rhage specifically. Future studies are needed to evaluate
the incidence of these toxicities with the various BTKi.
Lastly, it is important to note that since we were only able
to evaluate new incidence of cardiovascular toxicities,
our data does not capture the full clinical picture since
patients may have experienced worsening of their base-
line cardiovascular co-morbidities, such as uncontrolled
hypertension or recurrent arrhythmia, resulting in higher
medication doses or changes.

Conclusions

We found that there is lower incidence of new atrial
fibrillation/flutter with acalabrutinib when compared to
ibrutinib within six months of drug exposure. There was
lower incidence of other cardiotoxicities (hypertension,
sudden cardiac arrest/death), although findings did not
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reach statistical significance. More studies with a larger
number of patients on more selective BTKi, such as aca-
labrutinb and zanubrutinib as well as any new agents,
are needed to further delineate its role in the incidence
of cardiotoxicity compared to the other BTKi. Larger
prospective multi-centered trials are needed to confirm
these findings and expand upon them.

Abbreviations

BTKi Bruton tyrosine kinase inhibitors

CLL Chronic lymphocytic leukemia

SLL Small lymphocytic leukemia

AF atrial fibrillation

HFrEF  heart failure with reduced ejection fraction
OR odds ratio
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