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Article Summary:

Treatment with the Bruton tyrosine kinase (BTK) inhibitor ibrutinib has been

associated with significant cardiovascular toxicities, which may be due to off-target kinase
inhibition; we conducted a retrospective pooled analysis of data from clinical studies of the
more selective, second-generation BTK inhibitor, acalabrutinib, to explore cardiac and
hypertension-related effects of acalabrutinib in patients with chronic lymphocytic leukemia
(CLL). Based on the results of this pooled analysis, the incidence of cardiovascular adverse
events and treatment discontinuations due to cardiovascular events with acalabrutinib
treatment is relatively low in patients with CLL.
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ABSTRACT
Cardiovascular (CV) toxicities of the Bruton tyrosine kinase (BTK) inhibitor ibrutinib may limit
use of this effective therapy in patients with chronic lymphocytic leukemia (CLL). Acalabrutinib
is a second-generation BTK inhibitor with greater BTK selectivity. This analysis characterizes
pooled CV adverse events (AEs) data in patients with CLL who received acalabrutinib
monotherapy in clinical trials (NCT02029443; NCT02475681; NCT02970318; NCT02337829).
Acalabrutinib was given orally at total daily doses of 100–400 mg, later switched to 100 mg
twice daily, and continued until disease progression or toxicity. Data from 762 patients (median
age: 67 years [range, 32–89]; median follow-up: 25.9 months [range, 0–58.5]) were analyzed.
Cardiac AEs of any grade were reported in 129 patients (17%; grade ≥3, n=37 [5%]) and led to
treatment discontinuation in 7 patients (1%). The most common any-grade cardiac AEs were
atrial fibrillation/flutter (5%), palpitations (3%), and tachycardia (2%). Overall, 91% of patients
with cardiac AEs had CV risk factors before acalabrutinib treatment. Among 38 patients with
atrial fibrillation/flutter events, 7 (18%) had prior history of arrhythmia or atrial
fibrillation/flutter. Hypertension AEs were reported in 67 patients (9%), 43 (64%) of whom had
a preexisting history of hypertension; no patients discontinued treatment due to hypertension.
No sudden cardiac deaths were reported. Overall, these data demonstrate a low incidence of
new-onset cardiac AEs with acalabrutinib in patients with CLL. Findings from the head-to-head,
randomized trial of ibrutinib and acalabrutinib in patients with high-risk CLL (NCT02477696) will
prospectively assess differences in CV toxicity between the two agents.
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INTRODUCTION
Bruton tyrosine kinase (BTK) inhibitors, such as ibrutinib and acalabrutinib, are preferred
treatment regimens for chronic lymphocytic leukemia (CLL).1 BTK is involved in downstream
amplification of B-cell receptor signaling and is a key anticancer target for CLL and other B-cell
malignancies such as mantle cell lymphoma and Waldenström’s macroglobulinemia.2-6
Ibrutinib was the first BTK inhibitor approved for the treatment of CLL.2 In addition to
irreversibly binding to the cysteine residue (C481) and blocking the adenosine triphosphate
(ATP)-binding pocket of BTK,7,8 ibrutinib binds to analogous cysteine residues in other kinases
such as interleukin-2–inducible T-cell kinase (ITK), tyrosine kinase expressed in hepatocellular
carcinoma (TEC), epidermal growth factor receptor (EGFR), and T-cell X chromosome kinase
(TXK) as well as to several Src family kinases.9-11 Cardiovascular (CV) toxicities, particularly
hypertension and atrial fibrillation, have been associated with ibrutinib, which may be
attributed in part to off-target kinase inhibition.12-15 In the RESONATE study in patients with
previously treated CLL, atrial fibrillation of any grade was reported in 5% of patients receiving
ibrutinib monotherapy at a median follow-up of 9.4 months, which increased to 11% with 44
months of follow-up; in the RESONATE-2 study in patients with treatment-naïve CLL, any-grade
atrial fibrillation was reported in 6% and 11% of patients at median follow-up durations of 18.4
and 60 months, respectively.16-19 Additionally, in the CLL-12 trial in patients with asymptomatic,
treatment-naïve, early stage CLL, any-grade atrial fibrillation was reported in 18% of patients
receiving ibrutinib versus 7% of patients on placebo after a median follow-up of 31 months,
with grade 3 to 4 events reported in 6% and 2% of patients, respectively.20 With longer followup in the phase 1b/2 PCYC-1102 ibrutinib trial, atrial fibrillation of grade 3 or higher was
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reported in 10% of patients with relapsed/refractory CLL at a median of 6.8 years of follow-up
and in 6% of patients with treatment-naive CLL at a median of 7.3 years of follow-up.19 A review
of 16 ibrutinib clinical studies found the rate of any-grade atrial fibrillation (4%–16%) to be
higher than that in a general population (1%–2%).21 In a single-center, retrospective analysis in
ibrutinib-treated patients (n=562), new or worsening hypertension was associated with an
increased risk of atrial fibrillation.14,22
Acalabrutinib, a second-generation, potent, highly selective, covalent BTK inhibitor, was
approved for the treatment of CLL based on the results of two randomized, controlled phase 3
studies, ELEVATE-TN and ASCEND.3,23,24 Compared with ibrutinib, acalabrutinib has greater
selectivity for BTK in vitro,7,9 which has been hypothesized to explain differences in the
tolerability profiles of the two agents.6,9,16,25 At median follow-up duration of 16.1 months in
the ASCEND studies, the incidence of atrial fibrillation of any grade was 5% in the acalabrutinib
monotherapy arm compared with 3% in the comparator arm.23,24 Similarly, at a median followup of 28.3 months in the ELEVATE-TN study, the incidence of any-grade atrial fibrillation was 4%
in the acalabrutinib monotherapy arm versus 1% in the comparator arm.23
To further explore cardiac and hypertension-related effects of acalabrutinib in patients with
CLL, we conducted a retrospective pooled analysis of data from all clinical studies of
acalabrutinib (from phase 1 to 3) in CLL containing an acalabrutinib monotherapy arm and
characterized CV adverse events (AEs).
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Methods
Data were from a pooled population of patients with CLL treated with at least 1 dose of
acalabrutinib monotherapy in all sponsored clinical trials containing an acalabrutinib
monotherapy arm (Table 1).9,23,24,26-29 Because of the inclusion of a phase 1 study and an initial
phase 2 study, acalabrutinib was given orally at total daily doses of 100–400 mg (although the
majority of patients in this analysis [78%] received 100 mg twice daily [BID]). Treatment
continued until progressive disease or toxicity. Each study’s protocol was approved by an
institutional review board and each study was conducted in accordance with the general
principles set forth in the International Conference on Harmonisation Guidelines for Good
Clinical Practice and the Declaration of Helsinki, and in accordance with all applicable legal and
regulatory requirements. All participants gave written informed consent.
AEs were coded using Medical Dictionary for Regulatory Activities v21.1. Severity was
graded according to National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE) v4.03. The protocols defined AEs as those occurring or worsening on or after the first
dose of acalabrutinib, through the treatment phase, and within 30 days of the last dose. For this
analysis, cardiac AEs were those categorized under the system organ class “cardiac disorders”;
hypertension AEs, which were considered an AE of clinical interest, included the following
preferred terms: hypertension, blood pressure increased, essential hypertension, hypertensive
crisis, malignant hypertension, hypertensive heart disease, and orthostatic hypertension.
Assessments of cardiac AEs and hypertension AEs included incidence, rate per patient
exposure years, time to onset, incidence of events leading to dose delays and discontinuations,
and event management. Event duration was also assessed for overall cardiac AEs and atrial
10

fibrillation/flutter events. Cardiac AE severity and resolution of grade ≥3 cardiac AEs also were
assessed. Incidence of cardiac AEs in the first 6 months was assessed based on a predominance
of atrial fibrillation events during this time period in published reports with ibrutinib.13 CV and
hypertension risk factors, based on patient medical histories, were also assessed (methodology
described in the Supplemental Methods). Prior history of arrhythmia, atrial fibrillation, and
atrial flutter events was assessed in patients who experienced atrial fibrillation events, and
prior history of hypertension was assessed in patients who experienced hypertension events.
Occurrence of major hemorrhage events (defined as any hemorrhagic event that was serious or
grade ≥3 in severity, or any central nervous system hemorrhage) after receipt of anticoagulant
therapy on study was assessed.
Atrial fibrillation risk scores (range, 0–7) were computed in patients without a prior
history of atrial fibrillation using the Shanafelt predictive model, calculated as the sum of the
risk values assigned to the specific factors independently associated with atrial fibrillation: older
age (2 points for age 65–74 years; 3 points for age ≥75 years), male gender (1 point), valvular
heart disease (2 points), and hypertension (1 point).13,30,31

Statistical Analysis
Data were summarized using descriptive statistics. Time to first cardiac AE overall, atrial
fibrillation/flutter AE, and hypertension AE was analyzed using the Kaplan-Meier method.
Incidence of atrial fibrillation was analyzed by age group (<65 years, 65 to <75 years, ≥75 years)
and Shanafelt risk category (0–1, 2–3, 4, and ≥5). The incidence of cardiac AEs also was
compared between the pooled acalabrutinib monotherapy arms and pooled comparator arms
11

from the randomized, controlled, phase 3 trials (ASCEND and ELEVATE-TN) included in this
analysis; comparator treatments included investigator’s choice of idelalisib plus rituximab or
bendamustine plus rituximab (ASCEND) and obinutuzumab plus chlorambucil (ELEVATE-TN).
Statistical comparison of cardiac AE incidence between acalabrutinib monotherapy and
comparator arms was performed using the Chi-squared test.

RESULTS
Patients
In total, 762 patients who received acalabrutinib monotherapy across four clinical trials were
included in this analysis (Table 1). Patient demographics and baseline characteristics were
similar among the total acalabrutinib monotherapy CLL population and the subgroup of
patients who experienced a cardiac AE (Table 2). At data cutoff, the median duration of followup was 25.9 months (range, 0.0–58.5; n=761) and the median duration of acalabrutinib
exposure was 24.9 months (range, 0.0–58.5; n=760). Five hundred fifty-three patients (73%)
remained on acalabrutinib at data cutoff. A total of 208 patients (27%) discontinued
acalabrutinib treatment; the most common reasons were progressive disease (n=82; 11%) and
AEs (n=70; 9%). When comparing the treatment-naïve (n=352) and relapsed/refractory (n=410)
populations, 68 (19%) and 140 (34%) discontinued acalabrutinib treatment, respectively; the
most common reasons were progressive disease (n=19 [5%] and n=63 [15%], respectively) and
AEs (n=27 [8%] and n=43 [10%], respectively). Most patients (78%; n=596/762) received only
the 100 mg BID dose of acalabrutinib; 166 patients (22%) received a different initial
acalabrutinib dose (55 received doses greater than 100 mg BID [ie, 200 mg BID, 250 mg daily
12

[QD], and 400 mg QD]). Most of the patients who received an initial dose of acalabrutinib that
differed from the standard dose of 100 mg BID later switched to 100 mg BID (n=106 [64%]).
Patient demographics and baseline characteristics were similar in the pooled acalabrutinib
monotherapy and comparator arms from ASCEND and ELEVATE-TN (Table S1).

Safety
Cardiac AEs

Across studies and exposure durations, there were 199 cardiac AEs of any grade reported
among 129 (n=58 with treatment naïve CLL; n=71 with relapsed/refractory CLL) of 762 patients
(17%) (Table 3). Among the 55 patients who received initial acalabrutinib doses greater than
100 mg BID, 12 (22%) experienced cardiac AEs, whereas 84 (14%) reported cardiac AEs among
the 596 who had taken acalabrutinib only at the 100 mg BID dose. In the overall population of
762 patients, the most common cardiac AEs of any grade (incidence ≥2%) were atrial fibrillation
(4% [n=34]; grade ≥3, 1% [n=10]), palpitations (3% [n=23]; grade ≥3, 0), and tachycardia (2%
[n=17]; grade ≥3, 0). The median time to onset of cardiac AEs was 10.1 months (range: 0.1–
49.7) (Figure 1A). Overall, 7% (n=53/760) of patients reported any-grade cardiac AEs in the first
6 months on acalabrutinib, 3% (n=18/653) >6 to 12 months after treatment initiation, and 8%
(n=46/585) >12 to 24 months after starting treatment. Cardiac AEs led to acalabrutinib
discontinuation in 7 patients (1%), 6 of whom discontinued due to grade ≥3 cardiac events
(described below) and 1 who discontinued due to grade 2 atrial fibrillation. Comparatively, 91%
(n=117/129) of patients with cardiac AEs versus 80% (n=503/633) without cardiac AEs had at
least 1 CV risk factor before starting acalabrutinib. The most prevalent CV risk factors (defined
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in Supplemental Methods) for patients with versus without cardiac AEs were hypertension
(65% [n=84] vs 53% [n=333], respectively), diabetes mellitus (19% [n=24] vs 12% [n=79]),
hyperlipidemia (16% [n=21] vs 11% [n=67]), hypothyroidism (16% [n=21] vs 12% [n=73]),
hypercholesterolemia (14% [n=18] vs 16% [n=104]), and atrial fibrillation (12% [n=16] vs 6%
[n=40]). The most common (≥15%) types of concomitant medications reported among patients
who experienced cardiac events were antithrombotic agents (n=36 [28%]) and beta-blocking
agents (n=30 [23%]) (Table S2); 16 patients (12%) received both antithrombotic and betablocking agents, and a total of 17 patients (13%) received aspirin (13 [10%] received aspirin
along with other antithrombotic agents and 4 [3%] received aspirin without additional
antithrombotic agents).
Fifty-one grade ≥3 cardiac AEs were reported among 37 patients (5%). Overall, 9/760
patients (1%) experienced 13 grade ≥3 cardiac AEs (representing 25% of total grade ≥3 events)
during the first 6 months on acalabrutinib (Table S3); 6/653 (1%) and 15/585 patients (3%)
experienced grade ≥3 cardiac AEs >6 to 12 months and >12 to 24 months after starting
acalabrutinib, respectively. Among the 37 patients with grade ≥3 cardiac events, 12 patients
experienced a grade 4 cardiac event and two patients experienced a grade 5 cardiac event. The
grade 5 AEs included acute myocardial infarction in 1 patient with pre-existing hypertension,
type 2 diabetes mellitus, CV disorder, and chronic kidney disease; and congestive cardiac failure
in another patient with a history of congestive cardiac failure, aortic stenosis, and atrial
fibrillation. Among the 37 patients with grade ≥3 cardiac AEs, 18 patients (49%) were continuing
acalabrutinib at data cutoff. Six of the 37 patients (16%) with grade ≥3 cardiac AEs discontinued
acalabrutinib due to those grade ≥3 cardiac AEs, including acute myocardial infarction (n=2;
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grade 3 and grade 5), cardiac failure congestive (n=2; grade 3 and 5), cardiac failure (n=1; grade
3), and cardiac tamponade (n=1; grade 4). Thirteen of the 37 patients discontinued
acalabrutinib due to other AEs (n=4), progressive disease (n=5), death (n=3), and other reasons
(n=1). Sixteen of the 51 grade ≥3 cardiac AEs (31%) led to dose delay and 36 (71%) were
managed with concomitant medications. In total, 43 of the grade ≥3 cardiac AEs (84%) resolved,
of which 15 were associated with dose delays, 4 resulted in drug withdrawal, and 24 had no
associated dose modifications or changes. No sudden cardiac deaths were reported.
In the analysis comparing acalabrutinib monotherapy with the comparator arms in
ASCEND and ELEVATE-TN, 45 of 333 patients (14%) in the pooled acalabrutinib monotherapy
group and 25 of 322 (8%) in the pooled comparator group experienced cardiac AEs (odds ratio,
1.86; 95% confidence interval, 1.11, 3.11; P=0.02). Grade ≥3 cardiac AEs were reported in 4%
(n=14) and 3% (n=10) of patients in the acalabrutinib and comparator groups, respectively.
Atrial fibrillation was the most common cardiac AE in both groups, with incidence rates of 4%
(n=14) and 2% (n=5), respectively. The proportions of patients with CV risk factors were similar
between the pooled acalabrutinib monotherapy and pooled comparator groups among those
with cardiac AEs (n=39 [87%] and n=22 [88%], respectively) and those without cardiac AEs
(n=220 [76%] and n=234 [79%]).

Atrial Fibrillation/Flutter AEs

Atrial fibrillation/flutter events of any grade were reported in 38 (n=15 with treatmentnaïve CLL; n=23 with relapsed/refractory CLL) of 762 patients (5%). Atrial fibrillation was the
most common cardiac AE based on individual preferred terms and occurred in 34 patients (4%).
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Median time to an event of atrial fibrillation/flutter was 17.1 months (Figure 1B) and atrial
fibrillation/flutter events had a median duration of 0.1 month (range: 0.0–12.4). Rates of atrial
fibrillation were consistently low over time, with approximately 1% (n=10/760) of acalabrutinibtreated patients having atrial fibrillation/flutter events in the first 6 months on treatment, 0.2%
(n=1/653) >6 to 12 months after treatment initiation, and 3% (n=16/585) >12 to 24 months
after starting acalabrutinib treatment. Among 38 patients with atrial fibrillation/flutter events,
7 (18%) had a prior history of arrhythmia, atrial fibrillation, or flutter. Twelve (32%) patients
with treatment-emergent atrial fibrillation/flutter were subsequently initiated on at least 1
anticoagulant due to atrial fibrillation, 1 of whom experienced a major hemorrhage event after
starting the anticoagulant. In the full analysis population of 762 patients, 299 patients started
on-study anticoagulant treatment for any reason, among whom 12 (4%) subsequently
experienced a major hemorrhage event. The major hemorrhage events had resolved in 9 of the
12 patients; events were ongoing in 3 patients at the time of data cutoff.
Twenty-nine patients had de novo atrial fibrillation/flutter (ie, no prior history), among
whom 1 patient experienced a subsequent stroke event (grade 3 ischemic cerebral infarction
occurring 682 days after starting treatment and 2 days after the atrial fibrillation event). This
patient was female and 67 years of age with a medical history of grade 2 arterial hypertension,
grade 1 heart failure, and recurrent transient cerebral ischemic attacks 7–15 years before study
entry. Notably, the patient developed acute myocardial infarction on treatment day 221 and
had received relevant concomitant medications prior to atrial fibrillation onset (clopidogrel,
fraxiparin, aspirin).
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Atrial fibrillation/flutter events occurred relatively more frequently with increasing age (age
<65 years: 2% [n=7/288]; 65 to <75 years: 6% [n=19/318]; ≥75 years: 8% [n=12/156]). Among
patients with no history of atrial fibrillation before study enrollment (n=706), the number (%) of
patients in each Shanafelt risk score category was 171 (24%; score 0–1), 297 (42%; score 2–3),
190 (27%; score 4), and 48 (7%; score ≥5); the rate of treatment-emergent atrial fibrillation
among these patients increased with increasing Shanafelt risk score category (2% [n=3], 5%
[n=14], 3% [n=6], and 13% [n=6], respectively; Table S4). The cumulative incidence of atrial
fibrillation events was higher in patients with Shanafelt risk scores ≥5 and in those with a
previous history of atrial fibrillation compared with patients with Shanafelt risks scores ≤4
(Figure 2). Infections occurred concurrently in 7 (18%) of the 38 patients who experienced an
atrial fibrillation/flutter event, including three patients with concurrent pneumonia.

Hypertension AEs

In total, hypertension events were reported in 67 patients (9%). The majority of patients with
hypertension events had relapsed/refractory CLL (n=39 [58%]) compared with treatment-naïve
CLL (n=28 [42%]). Median time to an event of hypertension was 6.5 months (Figure 1B).
Patients who experienced hypertension events more commonly had risk factors for
hypertension (defined in Supplemental Methods) compared with patients without
hypertension events (79% [n=53/67] vs 59% [n=412/695], respectively). Among the 67 patients
with hypertension events, 43 (64%) had pre-existing hypertension. Other than pre-existing
hypertension, the most common risk factors (incidence >5%) included hyperlipidemia (19%
[n=13]), hypercholesterolemia (19% [n=13]), diabetes mellitus (10% [n=7]), coronary artery
17

disease (9% [n=6]), chronic obstructive pulmonary disease (7% [n=5]), and coronary artery
bypass (6% [n=4]). In total, 13 of 43 (30%) patients with pre-existing hypertension and 0 of 24
patients without pre-existing hypertension received at least 1 concomitant medication for
hypertension management during the hypertension event.
Thirty-five grade ≥3 hypertension events (grade 3, n=34; grade 4, n=1) were reported in
30 patients, among whom 24 (80%) had a prior history of hypertension. Ten patients (1%)
experienced 10 grade ≥3 hypertension events (29% of total grade ≥3 hypertension events)
during the first 6 months of acalabrutinib treatment; 0.6% (n=4) experienced grade ≥3
hypertension events >6 to 12 months after treatment initiation and 1% (n=7) >12 to 24 months
after starting treatment. Among the 30 patients with grade ≥3 hypertension events, no patient
discontinued acalabrutinib treatment due to these events, and 21 (70%) were continuing
acalabrutinib at data cutoff. Three of the grade ≥3 hypertension AEs (9%) led to dose delay and
18 (51%), including the three resulting in dose delay, were managed with concomitant
medications. Among the 17 events that were not managed with concomitant medications or
dose delay, no additional actions were documented. Two patients experienced grade 3
hypertension that required hospitalization or prolonged hospitalization; both events resolved
with drug interruption/dosing delay and concomitant or additional medication. One patient had
grade 4 hypertension and experienced the event while hospitalized for a grade 3 serious
hypercalcemia event. This patient concurrently experienced other adverse events including fall,
encephalopathy, respiratory failure, and seizure and had notable medical history of severe
hypertension and Guillian-Barre syndrome. In total, 20 (57%) of the grade ≥3 hypertension AEs
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resolved, including two that resulted in dose delay and 18 that had no associated dose
modifications or changes; 15 (43%) events were ongoing at data cutoff.

DISCUSSION
In this pooled analysis of four clinical studies of acalabrutinib monotherapy in patients with CLL,
the incidence of cardiac AEs was relatively low. Overall, cardiac AEs of any grade occurred in
17% of patients, with only a 5% incidence of atrial fibrillation/flutter events of any grade over a
median 25.9 months of follow-up. Among the 129 patients who experienced cardiac AEs, 91%
had preexisting cardiac risk factors. Any-grade cardiac AEs occurred at a consistent rate over
time. While it is unknown whether some cardiac AEs resolve with discontinuation of drug, there
were relatively few discontinuations due to cardiac AEs in this analysis, reported in only 1% of
patients.
BTK inhibitors have become a preferred therapy in CLL; however, cardiac toxicity has
been a safety concern for ibrutinib, particularly due to increased incidence of atrial fibrillation
(reported incidence up to 18%)12,13,20,21,32-34 and sudden death.12,35 While the mechanism
behind ibrutinib’s cardiac toxicity profile is not well understood, a preclinical study in rats
suggested ibrutinib may result in inhibition of the PI3K-Akt signaling pathway, which under
normal conditions provides a cardioprotective effect on the heart under stress.36 A separate
recent study in mice found that 4 weeks of ibrutinib treatment led to inducible atrial fibrillation,
left atrial enlargement, myocardial fibrosis, and inflammation, while comparable treatment
with acalabrutinib did not.37 Ibrutinib treatment in mice with BTK-inactivating mutations still led
to inducible atrial fibrillation, indicating that BTK in mice is not the relevant target.37
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Chemoproteomic profiling and knockout experiments in mice suggested that C-terminal Src
kinase (CSK), an off target of ibrutinib, may be responsible for ibrutinib-induced atrial
fibrillation.37 While CSK inhibition was not tested directly, a biochemical and cellular profiling
study of BTK inhibitors showed that acalabrutinib did not inhibit any of the Src kinases at
physiologically relevant concentrations.11 A study of peripheral blood samples from patients
with CLL also showed that ibrutinib inhibited kinases downstream of CSK whereas acalabrutinib
did not.38 These experiments suggest that acalabrutinib would be expected to have a
significantly lower rate of atrial fibrillation than ibrutinib. The relevance of these findings to
humans will nonetheless require prospective studies comparing ibrutinib with acalabrutinib.
Atrial fibrillation poses a significant burden to patients with CLL, with 6.1% of patients
presenting with a history of atrial fibrillation at the time of CLL diagnosis.31 Patients with atrial
fibrillation have a 5-fold increased risk of stroke and a 9-fold increased risk of developing
cardiac failure.39-42 Management of atrial fibrillation is challenging in patients with CLL who are
oftentimes older with other comorbidities such as hypertension, which also must be adequately
managed to reduce the risks of stroke and bleeding in the context of anticoagulant therapy.39
Patients receiving BTK inhibitor treatment should be assessed for prior atrial fibrillation history
and risk factors for stroke and bleeding in alignment with current atrial fibrillation management
guidelines.43-45
It is important to note that the focus of our analysis of atrial fibrillation/flutter was on
any-grade events. While grade ≥3 atrial fibrillation events were observed among patients in this
pooled analysis, CTCAE grading in atrial fibrillation primarily distinguishes the presence or
absence of symptoms, with grades 1 and 2 representing “asymptomatic” and “non-urgent”
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cases of atrial fibrillation, respectively, and grades 3 and 4 representing “symptomatic” and
“life-threatening” atrial fibrillation, respectively. However, evidence suggests patients with
asymptomatic atrial fibrillation are at higher risk of cerebrovascular events and CV mortality
than those with more typical presentation, suggesting that CTCAE grading does not adequately
assess medical risk of atrial fibrillation.46 In the current analysis, atrial fibrillation/flutter of any
grade was reported in 5% of patients (n=38) over a median of 25.9 months of follow-up. The
rate of atrial fibrillation/flutter is reasonably consistent with the incidence of new-onset atrial
fibrillation after a median follow-up of 7.3 years in an untreated CLL population with no prior
history of atrial fibrillation (6%),31 and with the incidence of any-grade atrial fibrillation among
placebo-treated patients with asymptomatic, treatment-naïve, early stage CLL after a median
follow-up of 31 months in the CLL-12 study (7%).20 In our comparative analysis of pooled data
from the ASCEND and ELEVATE-TN studies, the incidence of any-grade atrial fibrillation was 4%
with acalabrutinib monotherapy compared with 2% in the pooled comparator arm. By contrast,
in a previously reported analysis of the RESONATE-2 study with a similar median follow-up of 29
months, the rate of any-grade atrial fibrillation in patients with CLL receiving ibrutinib was 10%
(4% for grade ≥3 atrial fibrillation), suggesting a higher risk with ibrutinib.47 In a pooled analysis
of data from four randomized controlled trials of ibrutinib (median follow-up 16.6 months),
approximately 63% of atrial fibrillation events reported in ibrutinib-treated patients over 24
months of treatment occurred in the first 6 months,13 whereas 29% of atrial fibrillation events
in our analysis occurred in the first 6 months of acalabrutinib monotherapy, with a more
constant rate over time. In the same pooled analysis of four ibrutinib studies, de novo atrial
fibrillation events increased with increasing Shanafelt risk score category, with incidence rates
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ranging from 4% to 9% for categories 0 to 4 and the highest incidence of atrial fibrillation in
those with Shanafelt risk score ≥5 (15%).13 In our analysis, the incidence of atrial fibrillation also
was highest in those with the highest Shanafelt risk scores, but was generally lower across all
categories compared with those reported for ibrutinib,13 with incidence rates ranging from 2%
to 5% for categories 0 to 4 and 13% for categories ≥5. A notable increase in the rate of atrial
fibrillation was seen only in patients with the highest Shanafelt risk category, suggesting that
lower risk scores may not be as informative.
Ibrutinib treatment is associated with an increased risk of hypertension and an
associated increased risk of atrial fibrillation.14 Overall, hypertension-related events were
infrequent in the present analysis (any-grade incidence of 9%; grade ≥3 incidence of 4%) and
only 13 of the 67 patients (19%) with events received concurrent medication for hypertension
management during the event. In addition, a majority of patients with hypertension events
(64%) had pre-existing hypertension. By comparison, in a retrospective analysis of 301 patients
with CLL, 71% of patients without hypertension at baseline developed new hypertension, and
56% of patients with hypertension at baseline had worsening hypertension with ibrutinib
treatment.22 In a pooled analysis of four clinical trials of ibrutinib, the rates of any-grade and
grade 3/4 hypertension were 10% and 4%, respectively, similar to the rates reported in our
study; however, the median follow-up duration was shorter in that analysis (~16 months).48 In a
separate integrated analysis of two ibrutinib clinical trials with a median treatment duration of
29 months, any-grade and grade 3/4 hypertension were reported in 21% and 7% of ibrutinibtreated patients, respectively.49 Comparatively, in a phase 1b/2 study of ibrutinib in 132
patients with treatment-naïve (median follow-up, 87 months) or relapsed/refractory (median
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follow-up, 82 months) CLL, the incidence of grade ≥3 hypertension was 28% overall, with yearly
rates of 9% (≤1 year), 8% (>1–2 years), 19% (>2–3 years), 15% (>3–4 years), 16% (>4–5 years),
16% (>5–6 years), and 5% (>6–7 years).19 The results of our analysis suggest a lower risk of
hypertension events with acalabrutinib, although longer follow-up is required in patients on
both ibrutinib and acalabrutinib.
There are some limitations of our analysis. Although we conducted an analysis
comparing pooled acalabrutinib monotherapy with the pooled comparator arms from the two
phase 3 studies, the individual trials were not designed to detect statistical differences in AEs
between the treatment arms. However, baseline characteristics and risk factors were similar
between the comparator groups, mitigating concerns regarding underlying differences between
these patient subgroups. Furthermore, any comparisons to ibrutinib rely on cross-trial
comparisons, which are fraught with confounding factors, particularly with respect to the
patient population enrolled. The Shanafelt risk score used in some of our analyses is a simplified
scoring system used previously in patients with CLL and therefore is included here for
comparison,13,30,31 whereas guideline-recommended risk assessments for atrial fibrillation take
a more comprehensive approach and may be more appropriate for use in clinical practice.43-45
In addition, our results should be considered in the context of the differing dosing schedules
(though most patients were treated with 100 mg twice daily) and treatment exposure times
(0.0–58.5 months) across studies, as well as the exclusion of patients with significant CV
disease. Finally, CV issues in cancer patients can take several years to manifest; longer followup of CV sequelae may be necessary.50,51
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In conclusion, based on the results of this pooled analysis, the incidence of cardiac AEs
with acalabrutinib treatment is relatively low in patients with CLL. The results from our analysis
also suggest an intriguing difference in atrial fibrillation and hypertension rates with
acalabrutinib compared with ibrutinib. Our findings are supported by the recently reported
results from the head-to-head ELEVATE-RR trial (ACE-CL-006; NCT02477696), which
demonstrated a statistically lower incidence of any-grade atrial fibrillation and hypertension
with acalabrutinib versus ibrutinib in patients with previously treated CLL.52
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TABLES
Table 1. Study Summaries
Study Name

Study Description

Number of
Patients
a

ACE-CL-001 (NCT02029443)
ACE-CL-007 (NCT02475681; ELEVATE-TN)b
ACE-CL-309 (NCT02970318; ASCEND)
15-H-0016 (NCT02337829)
a

Ph 1/2 study of acalabrutinib
in patients with CLL
Ph 3 study of acalabrutinib ± O
vs C+O in TN CLL
Ph 3 study of acalabrutinib vs
IdR or BR in RR CLL
Ph 2 study of acalabrutinib in
patients with RR or TN with
del(17p) CLL

301; TN/RR:
112/189
224; all TN
189; all RR
48; TN/RR: 16/32

596 patients started on the acalabrutinib 100 mg BID dose; 166 patients started on a different
dose, and 106 of these patients were later switched to the 100 mg BID dose.

b

Study has acalabrutinib monotherapy and combination therapy arms; only monotherapy
patients were included.
BID, twice daily; BR, bendamustine plus rituximab; C, chlorambucil; IdR, idelalisib plus
rituximab; O, obinutuzumab; PD, progressive disease; Ph, phase; PO, orally; RR,
relapsed/refractory; TN, treatment-naïve.
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Table 2. Patient Demographics and Baseline Characteristics

All Patients (N=762)

Patients With Cardiac
Events
(n=129)

67.0 (32–89)

69.0 (42–84)

508 (66.7)

83 (64.3)

698 (91.6)

113 (87.6)

Black or African American

26 (3.4)

9 (7.0)

Asian

14 (1.8)

3 (2.3)

American Indian or Alaska Native

1 (0.1)

0

Native Hawaiian or Other Pacific Islander

1 (0.1)

0

Other

11 (1.4)

4 (3.1)

Missing

11 (1.4)

0

26.7 (16–49)a

27.1 (18–47)b

0

292 (38.3)

41 (31.8)

1

415 (54.5)

81 (62.8)

2

54 (7.1)

7 (5.4)

3

1 (0.1)

0

1 (0–13)

1 (0–10)

Treatment-naïve disease, n (%)

352 (46.2)

58 (45.0)

Relapsed/refractory disease, n (%)

410 (53.8)

71 (55.0)

Demographic/Baseline Characteristic

Age, median (range), years
Male, n (%)
Race, n (%)
White

BMI (kg/m2), median (range)
ECOG PS score, n (%)

Number of prior regimens, median (range)

a

n=746.
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b

n=126.

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Table 3. Incidence of Cardiac Adverse Events
All Patients (N=762)
Event

Any cardiac AE,a n (%),b [number of individual events], {rate per
PEY}

Any Grade

Grade ≥3

129 (17), [199],

37 (5), [51], {0.023}

c

{0.081}

Most common cardiac AEs (preferred terms; occurring in ≥4
patients), n (%), [number of individual events], {rate per PEY}
Atrial fibrillation/flutterd

38 (5), [48], {0.024}

11 (1.4), [12], {0.007}

Atrial fibrillation

34 (4), [44], {0.021}

10 (1), [11], {0.006}

Atrial flutter

4 (0.5), [4], {0.003}

1 (0.1), [1], {0.001}

Palpitations

23 (3), [27], {0.014}

0

Tachycardia

17e (2), [18], {0.011}

0

Sinus tachycardia

11e (1), [13], {0.007}

1 (0.1), [1], {0.001}

Angina pectoris

10 (1), [11], {0.006}

2 (0.3), [2], {0.001}

Bradycardia

9 (1), [10], {0.006}

2 (0.3), [2], {0.001}

Cardiac failure

6 (0.8), [6], {0.004}

3 (0.4), [3], {0.002}

Acute myocardial infarction

5 (0.7), [6], {0.003}

5 (0.7), [6], {0.003}

Supraventricular tachycardia

4e (0.5), [4], {0.003}

1 (0.1), [1], {0.001}

a

AEs categorized under the system organ class cardiac disorders.

b

199 AEs were reported in 129 patients (17%). No events under the preferred terms sudden

death or sudden cardiac death were reported.
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c

Other grade ≥3 AEs of interest occurring in <4 patients each included complete AV block (n=2;

0.3%), acute coronary syndrome (n=1; 0.1%), second-degree AV block (n=1; 0.1%), and
ventricular fibrillation (n=1; 0.1%).
d

Patients with “atrial fibrillation” or “atrial flutter” preferred terms combined. There was no

overlap between patients with “atrial fibrillation” and “atrial flutter” events.
e

One patient had both “tachycardia” and “sinus tachycardia” events. Another patient had both

“sinus tachycardia” and “supraventricular tachycardia” events. A third patient had both
“tachycardia” and “supraventricular tachycardia” events. All other reports of “tachycardia,”
“sinus tachycardia,” and “supraventricular tachycardia” occurred in unique patients.
AE, adverse event; AV, atrioventricular; PEY, patient exposure years.
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FIGURE LEGENDS
Figure 1. Time to onset of cardiac, atrial fibrillation/flutter, and hypertension adverse events
(AEs). Time to onset of (A) cardiac events and (B) atrial fibrillation/flutter and hypertension AEs.
a

AEs categorized under the system organ class cardiac disorders.

Figure 2. Time to onset of atrial fibrillation (AF) by Shanafelt risk score category and previous
history of AF.
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Supplemental Appendix
Supplemental Methods
Cardiovascular risk factors were identified based on preexisting cardiovascular risk
factors or past medical history of a cardiac disorder, including the preferred terms and/or
system organ class terms of hypercoagulation, cardiac disorders, cardiac septal defect,
hypothyroidism, hyperthyroidism, Addison’s disease, Basedow’s disease, Cushing’s syndrome,
hypoparathyroidism, toxic goitre, blood cholesterol increased, cardiac murmur, heart rate
irregular, hyperlipidemia, diabetes mellitus, hypercholesterolemia, type 2 diabetes mellitus,
obesity, hyperglycemia, hyperkalemia, dyslipidemia, glucose tolerance impaired,
hypercalcemia, type 1 diabetes mellitus, hypertriglyceridemia, hypocalcemia, metabolic
syndrome, rheumatoid arthritis, Sjogren’s syndrome, systemic lupus erythematosus, transient
ischemic attack, cerebrovascular accident, cerebral hemorrhage, cerebral ischemia,
hemorrhage intracranial, hypertonia, ischemic stroke, chronic kidney disease, renal failure,
renal impairment, glomerulonephritis chronic, respiratory thoracic and mediastinal disorders,
tobacco use, cardiac-related surgical and medical procedures, and vascular disorders.
Hypertension risk factors were identified based on preexisting history of hypertension
or presence of underlying conditions, including the preferred terms coronary artery disease,
cardiac failure (chronic and congestive), hypertensive heart disease, left ventricular
dysfunction, left ventricular failure, myocardial fibrosis, myocardial ischemia, myocarditis,
hypertrophic cardiomyopathy, Cushing’s syndrome, blood cholesterol increased,
hyperlipidemia, hypercholesterolemia, (type 2) diabetes mellitus, obesity, overweight, transient
ischemic attack, cerebellar stroke, cerebrovascular accident, chronic kidney disease, chronic
38

obstructive pulmonary disease, pulmonary hypertension, pulmonary edema, coronary artery
bypass, coronary arterial stent insertion, cardiac pacemaker insertion, stent placement,
hypertension, essential hypertension, and aortic stenosis.
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Supplemental Table S1. Patient Demographics and Baseline Characteristics for the Pooled
Acalabrutinib Monotherapy and Comparator Arms From ASCEND and ELEVATE-TN
Pooled Patients From ASCEND
and ELEVATE-TN
Demographic/Baseline
Characteristic

Acalabrutinib
Monotherapy
(N=333)

Age, median (range),

Pooled
Comparator
Arms
(n=322)

Pooled Patients From ASCEND
and ELEVATE-TN With Cardiac
Events
Acalabrutinib
Monotherapy
(N=45)

Pooled
Comparator
Arms
(n=25)

69.0 (32–89)

69.0 (34–91)

72.0 (54–84)

70.0 (55–91)

217 (65.2)

202 (62.7)

26 (57.8)

16 (64.0)

314 (94.3)

296 (91.9)

42 (93.3)

24 (96.0)

4 (1.2)

4 (1.2)

2 (4.4)

1 (4.0)

7 (2.1)

7 (2.2)

1 (2.2)

0

0

1 (0.3)

0

0

0

2 (0.6)

0

0

8 (2.4)

12 (3.7)

0

0

27.1 (18–49)a

26.7 (16–

26.9 (18–47)c

29.0 (22–38)d

years
Male, n (%)
Race, n (%)
White
Black or African
American
Asian
American Indian or
Alaska Native
Native Hawaiian or
Other Pacific
Islander
Missing
BMI (kg/m2), median

46)b

(range)
ECOG PS score, n (%)
0

148 (44.4)

136 (42.2)

17 (37.8)

7 (28.0)

1

152 (45.6)

155 (48.1)

23 (51.1)

17 (68.0)

2

33 (9.9)

31 (9.6)

5 (11.1)

1 (4.0)
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3
Number of prior

0

0

0

0

0 (0–8)

0 (0–10)

0 (0–5)

0 (0–5)

179 (53.8)

169 (52.5)

25 (55.6)

13 (52.0)

154 (46.2)

153 (47.5)

20 (44.4)

12 (48.0)

regimens, median
(range)
Treatment-naïve disease,
n (%)
Relapsed/refractory
disease, n (%)
a

n=328.

b

n=318.

c

n=44.

d

n=24.

BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status.
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Supplemental Table S2. Most Common (>5% of Patients) Types of Concomitant Medications
in Patients with Cardiac Events
Medication Classificationa, n (%)

Patients With Cardiac AEs
N=129

Antithrombotic agentsb,c

36 (27.9)

Beta blocking agentsc

30 (23.3)

Other analgesics and antipyretics

18 (14.0)

Other beta-lactam antibacterials

18 (14.0)

Drugs for peptic ulcer and GERD

16 (12.4)

Intravenous solution additives

15 (11.6)

Opioids

15 (11.6)

Hypnotics and sedatives

14 (10.9)

Beta-lactam antibacterials, penicillins

13 (10.1)

High-ceiling diuretics

13 (10.1)

Lipid-modifying agents, plain

12 (9.3)

Antiarrhythmics, class I and III

11 (8.5)

Antiemetics and antinauseants

11 (8.5)

Other antibacterials

11 (8.5)

Vasodilators used in cardiac diseases

11 (8.5)

Corticosteroids for systemic use, plain

10 (7.8)

Adrenergics, inhalants

9 (7.0)

Anesthetics, general

9 (7.0)

Drugs for constipation

8 (6.2)

Potassium

8 (6.2)

Quinolone antibacterial

8 (6.2)

Cardiac glycosides

7 (5.4)

Direct-acting antivirals

7 (5.4)

Iron preparations

7 (5.4)
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a

Classification by ATC level 3.

b

Includes antiplatelet, anticoagulant, and thrombolytic medications. Among patients on

antithrombotic agents, 17 (13.2%) received aspirin, including 13 patients (10.1%) who received
aspirin with other antithrombotic agents and 4 (3.1%) who received aspirin as the only
antithrombotic agent.
c

Sixteen patients (12.4%) received both antithrombotic and beta-blocking agents.

ATC, anatomical-therapeutic-chemical; GERD, gastroesophageal reflux disease.
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Supplemental Table S3. Event Management and Resolution of Grade ≥3 Cardiac AEs in the
First 6 Months
Patient

Eventb

Grade

Number
1

Dose Modification/

Outcome

Discontinuation
Coronary artery

4

Dose delay

Resolved

stenosis
2

Cardiac tamponade

4

Dose not changed

Resolved

3

Cardiac failure

4

Dose not changed

Ongoing

4

Acute myocardial

3

Dose delay

Resolved

Atrial fibrillation

3

Dose delay

Resolved

Acute coronary

3

Dose delay

Resolved

Angina unstable

3

Dose not changed

Resolved

6

Atrial fibrillation

3

Dose not changed

Resolved

7

Atrial fibrillation

3

Dose not changed

Resolved

Cardiac failure

3

Acalabrutinib

Resolved

infarction

5

syndrome

congestive
8

Cardiac failure

discontinued
3

Acalabrutinib

Resolved

discontinued
9

Cardiac failure

3

Dose not changed

Resolved

3

Dose delay

Resolved

congestive
Pericarditis constrictive
a

All but 1 AE (grade 4 cardiac tamponade) were managed with concomitant medications; grade

4 cardiac tamponade was managed by hospitalization.
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Supplemental Table S4. Atrial Fibrillation Events Stratified by Shanafelt Risk Score Categories
Shanafelt Risk Scorea

Patients With No History of

Patients With No History of Atrial

Atrial Fibrillation (with or

Fibrillation (subset With

without AF events)

Treatment-emergent AF)b

(n=706), n (%)

(n=29), n (%)

0–1

171 (24.2)

3/171 (1.8)

2–3

297 (42.1)

14/297 (4.7)

4

190 (26.9)

6/190 (3.2)

≥5

48 (6.8)

6/48 (12.5)

Category

a

Classification methodology: older age (2 points for age 65–74 years; 3 points for age ≥75

years), male gender (1 point), valvular heart disease (2 points), and hypertension (1 point).1-3
b

Percentages calculated using the number of patients in each Shanafelt risk score category as

the denominator.
AF, atrial fibrillation.
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