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Bruton tyrosine kinase inhibitors (BTKis) have revolutionized the
treatment of chronic lymphocytic leukemia (CLL)/small lymphocytic
lymphoma (SLL). The first‐generation BTKi, ibrutinib, has demon-
strated efficacy in various CLL/SLL populations1–3 but has been
associated with cardiac toxicities, including atrial fibrillation, hy-
pertension, and cardiac failure.4,5 Acalabrutinib, a second‐generation
BTKi approved for CLL/SLL, has less off‐target activity than
ibrutinib,6 with durable efficacy demonstrated in phase 3 trials of
patients with treatment‐naive (ELEVATE‐TN)7 and relapsed/re-
fractory (ASCEND)8 CLL/SLL. The head‐to‐head phase 3 ELEVATE‐
RR study in patients with relapsed/refractory CLL demonstrated
noninferior efficacy and significantly lower incidences of any grade
atrial fibrillation/flutter (9% vs. 16%) and hypertension (9% vs. 23%)
with acalabrutinib versus ibrutinib,9 consistent with findings
from a pooled analysis of all sponsored clinical trials of acalabrutinib
monotherapy in CLL (any grade atrial fibrillation/flutter, 5%;
hypertension, 9%).10

Patients with CLL/SLL are typically older and therefore may
have cardiovascular comorbidities that increase cardiac failure
risk.11,12 Hence, characterization of the cardiovascular safety pro-
files of BTKis is warranted, including data from sources other than
clinical trials, which may recruit patients with fewer comorbidities
than those seen in routine clinical practice. In this study, we report
results from a cumulative review of the cardiac failure safety profile
of acalabrutinib based on (1) clinical trial data from ELEVATE‐RR,
ELEVATE‐TN, and ASCEND, and (2) real‐world postmarketing data
from the Global AstraZeneca Patient Safety Database (GAPSD)
(Figure 1A). The GAPSD includes acalabrutinib safety data from all
sponsored and unsponsored clinical trials and real‐world post-
marketing sources; only the real‐world postmarketing data were
used in this analysis. The three clinical trials were conducted ac-
cording to the ethical principles derived from international guide-
lines; all patients provided written informed consent. Real‐world

postmarketing safety data were collected and reported according to
global and local rules and regulations.

Exposure‐adjusted incidence rates (EAIR) were reported for
“cardiac failure” using the broad Standardized Medical Dictionary for
Regulatory Activities (MedDRA) Query (SMQ, v25.0). SMQs are
validated, predetermined groups of MedDRA terms used to support
drug safety monitoring and analysis. The “cardiac failure” SMQ con-
sists of 107 cardiac failure‐specific and cardiac failure‐related terms
(Table S1). In the clinical trials analysis, EAIRs for the “cardiac failure”
broad SMQ and for the most common MedDRA preferred terms from
the SMQ were compared between the acalabrutinib arms and active
comparators in the individual trials. A sensitivity analysis assessed
EAIRs excluding the most common nonspecific cardiac failure‐related
preferred terms (i.e., peripheral edema, peripheral swelling, and
edema) from the SMQ. Additionally, EAIR based on the “cardiac
failure” single preferred term was analyzed from pooled data from the
acalabrutinib monotherapy arms in the three trials. A cumulative
search of the GAPSD was also performed using the “cardiac failure”
broad SMQ and MedDRA preferred terms to report crude incidence
and EAIR of cardiac failure events for acalabrutinib monotherapy
from the postmarketing data.

EAIRs in the clinical trial analyses were reported as events/100
patient‐months, which are calculated as:

N

t
exposure adjusted incidence =

× 100

∑i i

where N is the number of events in the treatment group, ti is the
treatment period (in months) for the individual patient (i), and Ʃi is the
sum across all patients in the treatment group. The treatment‐
emergent period was defined as the time from the first study treat-
ment dose until 30 days after the last study treatment dose or the
start of new anticancer therapy for CLL, whichever occurred first.
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SAS® software version 9.4 (SAS Institute Inc., Cary, NC, USA) was
used for all analyses.

Across the three clinical trials, 599 patients were treated with
acalabrutinib monotherapy, 178 with acalabrutinib plus obinutuzu-
mab, and 585 with other targeted or nontargeted treatments
(Table 1). Baseline characteristics were similar between the acalab-
rutinib and comparator arms (Table S2). In all three trials, overall
EAIRs of any grade and grade ≥3 cardiac failure (broad SMQ) were
numerically lower in the acalabrutinib arms versus the comparator
arms (Figure 1B and Table 1), with EAIR ratios consistent with those
observed in the sensitivity analysis excluding the most common
nonspecific cardiac failure terms (Table 2). The most common cardiac
failure‐related preferred terms were also generally numerically lower
in the acalabrutinib arms versus the comparator arms (Table 1). In the
pooled analysis of acalabrutinib monotherapy across the three trials,

the EAIR of any grade cardiac failure based on the single preferred
term was 0.04/100 patient‐months.

In the GAPSD postmarketing analysis, as of October 31, 2022,
727 cardiac failure (SMQ) events were captured based on 33,588
patient‐years of acalabrutinib monotherapy exposure. The most
common cardiac failure preferred terms reported were peripheral
swelling (n = 406), edema peripheral (n = 99), edema (n = 56), pul-
monary edema (n = 47), pulmonary congestion (n = 33), cardiac failure
(n = 32), and cardiac failure congestive (n = 32). The estimated EAIR of
any grade cardiac failure (SMQ) for acalabrutinib monotherapy from
the GAPSD was 0.008/100 patient‐months.

In this comprehensive, cumulative review of cardiac failure safety
data, the low EAIRs of cardiac failure demonstrated with acalabrutinib
in both the clinical trial and real‐world settings using the broad SMQ
add to the existing evidence supporting the favorable cardiac failure

F IGURE 1 Overall analysis design and exposure‐adjusted incidence rate of “cardiac failure” SMQ (broad) from the ELEVATE‐RR, ELEVATE‐TN, and ASCEND

trials. (A) The figure describes the methodology for the reported analyses, which included data from three clinical trials and postmarketing data from the Global

AstraZeneca Patient Safety Database. aELEVATE‐RR is an ongoing, randomized, open‐label, noninferiority study of acalabrutinib versus ibrutinib in patients with

relapsed/refractory CLL and presence of either del(17p) or del(11q).9 bELEVATE‐TN is an ongoing, randomized, open‐label, three‐arm study in which treatment‐naive
patients with CLL were randomized 1:1:1 to receive acalabrutinib, acalabrutinib plus obinutuzumab, or obinutuzumab plus chlorambucil.7 cASCEND was a

randomized, open‐label study in patients with relapsed/refractory CLL evaluating acalabrutinib monotherapy versus investigator's choice of either idelalisib plus

rituximab or bendamustine plus rituximab.8 (B) The graphs report the exposure‐adjusted incidence rate of the “cardiac failure” broad SMQ. aRatio of acalabrutinib

(acala) monotherapy to ibrutinib (ibr). bRatio of acala monotherapy to obinutuzumab (obin) + chlorambucil (chl). cRatio of acala monotherapy to idelalisib (idela) +

rituximab (ritux). dRatio of acala monotherapy to bendamustine (benda) + ritux. BID, twice daily; MedDRA, Medical Dictionary for Regulatory Activities; PT, preferred

term; QD, once daily; SMQ, Standardized MedDRA Queries.
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safety profile of acalabrutinib in CLL. In the individual clinical trials,
numerically lower EAIRs of cardiac failure were seen with acalabru-
tinib monotherapy compared to ibrutinib monotherapy and the non‐
BTK‐targeted and nontargeted combination therapies. The low EAIR
of cardiac failure in the pooled acalabrutinib monotherapy clinical trial
analysis based on the single preferred term also reinforces the low
incidence of cardiac failure (any grade, 0.8%; grade ≥3, 0.4%) reported
in a previous pooled analysis of 762 patients with CLL/SLL treated
with acalabrutinib for a median duration of 24.9 months across four
clinical trials.10

Notably, the EAIRs of any grade and grade ≥3 cardiac failure
(broad SMQ) in the acalabrutinib monotherapy arms were numerically
lower than those in the chemoimmunotherapy comparator arms
(bendamustine plus rituximab in ASCEND and obinutuzumab plus
chlorambucil in ELEVATE‐TN). Cardiac failure has been reported as a
serious adverse event with bendamustine in clinical trials, and ritux-
imab carries warnings for cardiac arrhythmias and angina,13,14 both of
which may explain the higher incidence of cardiac failure in this
treatment arm. However, neither obinutuzumab nor chlorambucil is
associated with cardiotoxicities15,16; therefore, the reason for the
high cardiac failure incidence in this arm is unknown.

While the mechanisms by which BTKis lead to cardiac failure are
not well defined, evidence suggests off‐target inhibition of the car-
dioprotective PI3K‐Akt pathway plays a role.17–19 Since acalabrutinib
has less off‐target kinase activity compared to ibrutinib, cardiotoxi-
cities including cardiac failure may be lessened with acalabrutinib
treatment.6 In the primary report of ELEVATE‐RR, at a median
treatment exposure duration of 38.3 months for acalabrutinib and
35.5 months for ibrutinib, the overall incidence of “heart failure”
(including four cardiac failure‐related preferred terms) was low for
both treatments, with numerically lower incidences of any grade and
grade ≥3 “heart failure” in patients treated with acalabrutinib (any
grade, 2.3% vs. 3.4%; grade ≥3, 1.9% vs 3.0%).9 Results from the
current, more comprehensive analysis of “cardiac failure” SMQ ac-
counting for treatment duration demonstrated numerically lower
EAIRs for acalabrutinib versus ibrutinib, in line with the primary
report.20

Despite low levels of cardiac failure reported in clinical trials with
acalabrutinib treatment, real‐world evidence is sparse. The real‐world
CLL/SLL population tends to be older with a high prevalence of
cardiovascular comorbidities (up to 43%) at the time of diagnosis,
which may put them at higher risk for cardiac failure during BTKi
treatment.11,12 Although lower, the estimated prevalence of cardiac
failure (defined by the single terms “cardiac failure” or “heart failure”)
in patients with CLL at the time of diagnosis ranges from 7% to
16%.11,12 Analyses of real‐world data from patients treated with
ibrutinib have identified increased safety signals for or associations
with cardiac failure events.4,21,22 In contrast, our analysis of real‐
world safety data, which included 33,588 patient‐years of acalabru-
tinib exposure, supports a favorable risk profile for cardiac failure
with acalabrutinib treatment.

Limitations of this analysis include its retrospective and de-
scriptive design. The analysis comparing EAIRs between the treat-
ment arms of the individual trials was conducted post hoc and did not
adjust for multiplicity testing, nor was it powered for assessment of
statistical significance. A meta‐analysis pooling data across these
trials was not performed because it would require combining data
across indications (relapsed/refractory and treatment‐naive CLL),
which include heterogeneous patient populations, making it less in-
formative to the medical community. Statistical analysis comparing
EAIRs between the pooled acalabrutinib monotherapy data from the
clinical trials and the GAPSD also was not done since some data from
the GAPSD contain sparse information on patient characteristics;

thus, an accurate statistical comparison between the two data sets
adjusting for differing methodologies and patient characteristics was
not possible. Furthermore, AstraZeneca only receives postmarketing
reports containing acalabrutinib data in the GAPSD; therefore, a
control arm could not be included for that analysis.

Based on results from this analysis of clinical trials and real‐world
safety data, the risk of cardiac failure with acalabrutinib monotherapy
in patients with CLL/SLL appears to be low. Patients at high risk for
developing cardiac failure should still be monitored closely while re-
ceiving BTKi therapy, especially given the association of these
treatments with an increased incidence of atrial fibrillation, which
may further increase cardiac failure risk.4
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