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abstract

PURPOSE Among Bruton’s tyrosine kinase inhibitors, acalabrutinib has greater selectivity than ibrutinib, which we
hypothesized would improve continuous therapy tolerability. We conducted an open-label, randomized, non-
inferiority, phase III trial comparing acalabrutinib and ibrutinib in patients with chronic lymphocytic leukemia (CLL).

METHODS Patients with previously treated CLL with centrally confirmed del(17)(p13.1) or del(11)(q22.3) were
randomly assigned to oral acalabrutinib 100 mg twice daily or ibrutinib 420 mg once daily until progression or
unacceptable toxicity. The primary end point was independent review committee–assessed noninferiority of
progression-free survival (PFS).

RESULTS Overall, 533 patients (acalabrutinib, n5 268; ibrutinib, n5 265) were randomly assigned. At the data
cutoff, 124 (46.3%) acalabrutinib patients and 109 (41.1%) ibrutinib patients remained on treatment. After a
median follow-up of 40.9 months, acalabrutinib was determined to be noninferior to ibrutinib with a median PFS
of 38.4 months in both arms (95% CI acalabrutinib, 33.0 to 38.6 and ibrutinib, 33.0 to 41.6; hazard ratio: 1.00;
95% CI, 0.79 to 1.27). All-grade atrial fibrillation/atrial flutter incidence was significantly lower with acalabrutinib
versus ibrutinib (9.4% v 16.0%; P 5 .02); among other selected secondary end points, grade 3 or higher
infections (30.8% v 30.0%) and Richter transformations (3.8% v 4.9%) were comparable between groups and
median overall survival was not reached in either arm (hazard ratio, 0.82; 95%CI, 0.59 to 1.15), with 63 (23.5%)
deaths with acalabrutinib and 73 (27.5%) with ibrutinib. Treatment discontinuations because of adverse events
occurred in 14.7% of acalabrutinib-treated patients and 21.3% of ibrutinib-treated patients.

CONCLUSION In this first direct comparison of less versus more selective Bruton’s tyrosine kinase inhibitors in
CLL, acalabrutinib demonstrated noninferior PFS with fewer cardiovascular adverse events.

J Clin Oncol 39:3441-3452. © 2021 by American Society of Clinical Oncology
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INTRODUCTION

Bruton’s tyrosine kinase (BTK) plays a significant role
in survival, proliferation, and adhesion of malignant
B lymphocytes in chronic lymphocytic leukemia
(CLL).1-3 BTK inhibitors (BTKis) have transformed CLL
management.4-7 Ibrutinib, the first inhibitor that irre-
versibly binds BTK,8 is approved for the treatment of
CLL and small lymphocytic lymphoma.9 Long-term
pivotal phase III trials of ibrutinib versus chemo-
immunotherapy in previously untreated (RESONATE-2)
or relapsed (RESONATE) CLL report survival benefits
with ibrutinib, but with toxicities leading to ibrutinib
discontinuation in 28% and 12% of patients at the
median follow-up of 60 and 44months, respectively.10,11

A systematic review and meta-analysis of randomized
ibrutinib trials demonstrated an increased risk of atrial
fibrillation and hypertension.12 In the aforementioned
analyses of the RESONATE-2 and RESONATE trials,
atrial fibrillation rates were 16% and 11%, respec-
tively, and hypertension rates were 26% and 20%,
respectively.10,11 Although the cause of cardiac events
with ibrutinib is not completely understood, rodent
studies have suggested that off-target inhibition of the
PI3K-Akt signaling pathway (via tec protein tyrosine
kinase) or C-terminal Src kinase may contribute.13,14 In
addition, ibrutinib inhibits human epidermal growth
factor receptor 2, which is involved in cardiac myocyte
homeostasis.15,16 Ibrutinib binds irreversibly to Src
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kinase and to several non-BTK kinases with analogous
cysteine residues at low nanomolar concentrations, which is
not seen with the BTKi acalabrutinib,17-19 likely contributing to
alternative target adverse events (AEs) with ibrutinib.8,12,18,20

Acalabrutinib is a next-generation, irreversible BTKi ap-
proved for the treatment of CLL and small lymphocytic
lymphoma with a shorter plasma half-life and greater se-
lectivity for BTK compared with ibrutinib.8,9,17,21 Acalab-
rutinib demonstrated superior progression-free survival
(PFS) versus chemoimmunotherapy in phase III studies in
patients with previously untreated (ELEVATE-TN) or re-
lapsed or refractory (ASCEND) CLL, with toxicity-related
treatment discontinuations in 9% and 11% of patients at
the median follow-up of 28.3 and 16.1 months,
respectively.6,7 Treatment discontinuations because of AEs
in longer-term analyses of a phase II clinical trial of aca-
labrutinib monotherapy in previously untreated or relapsed
or refractory CLL were reported in 6% and 11% of patients,
respectively, at the median follow-up of 53 and 41 months,
respectively.22,23 Acalabrutinib has also demonstrated ef-
ficacy and tolerability in ibrutinib-intolerant patients with
CLL.24

This phase III trial prospectively compared the efficacy
and safety of acalabrutinib with ibrutinib in patients with
previously treated CLL to test the hypothesis that acalab-
rutinib was noninferior to ibrutinib in PFS with improved
tolerability.

METHODS

Patients

Eligible patients were age 18 years or older, had previously
treated CLL, required therapy by International Workshop on
CLL criteria,25 had an Eastern Cooperative Oncology Group
performance status of 2 or less, and had the presence of
del(17)(p13.1) and/or del(11)(q22.3) confirmed by central
laboratory testing. Patients with significant cardiovascular
disease, concomitant warfarin or equivalent vitamin K
antagonist treatment, prior BTK or BCL-2 inhibitor treat-
ment, or requiring treatment with proton-pump inhibitors
were excluded. See the Data Supplement (online only) for
additional eligibility criteria.

Study Oversight and Conduct

This is a phase III, randomized, multicenter, open-label,
noninferiority study (ClinicalTrials.gov identifier:NCT02477696).
The Protocol (online only) and informed consent were
approved by an Institutional Review Board and Indepen-
dent Ethics Committee before study initiation. All patients
provided a signed informed consent form before enroll-
ment. The study was conducted in accordance with the
protocol, applicable local regulations, and the Declaration
of Helsinki and International Conference on Harmonisation
Guidelines for Good Clinical Practices principles.

Random Assignment and Treatment

An interactive web response system randomly assigned
eligible patients in a 1:1 ratio to receive oral acalabrutinib
100 mg twice daily or ibrutinib 420 mg once daily (open-
label) until disease progression or unacceptable toxicity.
Dose modifications were allowed for AE management (Data
Supplement). Random assignment was stratified by
del(17)(p13.1) status (yes or no), Eastern Cooperative
Oncology Group performance status score (2 v 1 or less),
and number of prior therapies (1-3 v 4 or more). Crossover
between treatment groups was not permitted. An inde-
pendent review committee (IRC) centrally assessed pro-
gression and response data in a blinded manner. An
independent data monitoring committee periodically
reviewed unblinded safety and efficacy data. The study
team was blinded to data at the aggregate level from the
start of the study until after the final data transfer from the
IRC and finalization of the statistical analysis plan. The
study sponsor performed aggregated analyses by treatment
group after final results were received from the IRC.

Study End Points and Assessments

The primary end point was IRC-assessed PFS, defined as
the time from random assignment until disease progression
or death from any cause. Response assessments followed
International Workshop on CLL 2008 criteria,25 with
treatment-related lymphocytosis in the absence of other
signs of disease progression not considered progressive
disease (see the Data Supplement). Secondary end points
were the incidences of atrial fibrillation (any grade), in-
fections (grade 3 or higher), and Richter transformation and
overall survival (OS) (time from random assignment to any-
cause death). Additional end points are described in the
Data Supplement.

Safety was assessed by AE, laboratory, and clinical as-
sessments across the treatment-emergent period, defined
as the time from the first study drug dose until 30 days
after the last dose or the date a patient started a new
anticancer therapy, whichever was earlier. AE severity was
graded according to the National Cancer Institute-
Common Terminology Criteria for Adverse Events ver-
sion 4.03.

Statistical Analysis

Sample size was calculated assuming a hazard ratio (HR)
scale margin of 1.429 (noninferiority margin of 30%) be-
tween the acalabrutinib and ibrutinib groups for IRC-
assessed median PFS, using a fixed margin method.26

Assuming an exponential distribution for PFS events,
500 patients (randomly assigned 1:1 to each arm) would
provide 80% power at a one-sided, 0.025 significance level
to test the primary study hypothesis that acalabrutinib is
noninferior to ibrutinib in IRC-assessed PFS.

The primary analysis was conducted after completion of
enrollment and accrual of approximately 250 IRC-assessed
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PFS events. The acalabrutinib/ibrutinib HR estimate and
corresponding 95% CI for IRC-assessed PFS were com-
puted using a Cox proportional-hazards model stratified by
del(17)(p13.1) status (yes or no) and number of prior
therapies (1-3 v 4 or more). All other stratified analyses
used the same strata as the primary analysis.

The primary end point, IRC-assessed PFS, was assessed
first for noninferiority. The gate-keeping strategy was
implemented to control the family-wise error rate at the 0.05
level given the multiple testing approach for primary and
secondary end points. If acalabrutinib was noninferior to
ibrutinib on the primary end point (upper bound of HR two-
sided 95%CI below 1.429), acalabrutinib superiority on the
secondary end points was tested at a two-sided 0.05 sig-
nificance level in the following prespecified order: (1) in-
cidence of any-grade atrial fibrillation, (2) incidence of
grade 3 or higher infections, (3) incidence of Richter
transformation, and (4) OS. If noninferiority on the primary
end point was not met or when superiority on a secondary
end point was not met, the P values for all subsequent end
points are presented as descriptive. Additional analyses
were not adjusted for multiplicity. Between-group differ-
ences were assessed using two-sided Cochran-Mantel-
Haenszel tests adjusted for del(17)(p13.1) status (yes or
no) and number of prior therapies (1-3 v 4 or more) for all
secondary end points except OS, which was assessed using
Kaplan-Meier methods and a stratified log-rank test. Ad-
ditional statistical methodologies are described in the Data
Supplement.

Efficacy analyses were performed for the intent to-treat
population (all randomly assigned patients). Safety ana-
lyses, including the safety secondary end points, were
performed for the safety population (all patients who re-
ceived at least one dose of study drug).

RESULTS

From October 2015 to November 2017, 808 patients were
screened for eligibility and 533 patients were randomly
assigned at 124 centers in 15 countries to receive aca-
labrutinib (n5 268) or ibrutinib (n5 265) (Fig 1). Baseline
demographics and disease characteristics were balanced
between groups (Table 1; Data Supplement). Overall, the
median age was 66 years (range, 28-89 years), 241
(45.2%) patients had del(17)(p13.1), and 342 (64.2%)
had del(11)(q22.3). The median number of prior therapies
was two in both arms (overall range, 1-12; Table 1; Data
Supplement).

Efficacy

At the data cutoff for the final analysis (September 15,
2020), 124 (46.3%) acalabrutinib patients and 109
(41.1%) ibrutinib patients remained on treatment. After a
median follow-up of 40.9 months (range, 0.0-59.1), the
prespecified criterion for noninferiority was met; the
median IRC-assessed PFS was 38.4 months in both arms

(acalabrutinib: 95% CI, 33.0 to 38.6; ibrutinib: 95% CI,
33.0 to 41.6; HR 1.00; 95% CI, 0.79 to 1.27; Fig 2A). IRC-
assessed PFS was generally comparable across pre-
specified subgroups (Fig 3) including patients with
del(17)(p13.1) and del(11)(q22.3) (Data Supplement) and
regardless of the number of prior therapies. Median OS was
not reached in either arm, with 63 (23.5%) deaths with
acalabrutinib and 73 (27.5%) with ibrutinib (HR, 0.82;
95% CI, 0.59 to 1.15; Fig 2B; Data Supplement). The IRC-
assessed overall response rate was 81.0% (217 of 268;
95% CI, 75.8 to 85.2) for acalabrutinib and 77.0% (204 of
265; 95% CI, 71.5 to 81.6) for ibrutinib (Data Supplement).
Investigator-assessed PFS, IRC- and investigator-assessed
event-free survival, and investigator-assessed overall re-
sponse rate were also similar between arms (Fig 2C; Data
Supplement). Subsequent anticancer therapy for CLL was
initiated by 60 (23.3%) acalabrutinib patients and 56
(22.2%) ibrutinib patients (Data Supplement); median time
to next treatment was similar between groups (Data
Supplement).

Safety

The median treatment exposure duration was
38.3 months (range, 0.3-55.9 months) with acalabrutinib
and 35.5 months (range, 0.2-57.7 months) with ibrutinib
(Data Supplement). The most common any-grade AEs in
at least 10% of patients in either arm included diarrhea,
headache, cough, arthralgia, contusion, atrial fibrillation,
hypertension, urinary tract infection, back pain, muscle
spasms, and dyspepsia (Table 2; Data Supplement).
Diarrhea, arthralgia, contusion, atrial fibrillation, hyper-
tension, back pain, muscle spasms, and dyspepsia oc-
curred less frequently with acalabrutinib, whereas
headache and cough occurred less frequently with
ibrutinib. Kaplan-Meier analysis showed that diarrhea and
arthralgia had lower cumulative incidences with acalab-
rutinib versus ibrutinib over time (Data Supplement).
Grade 3 or higher AEs were observed in 68.8% (n 5 183)
of patients treated with acalabrutinib and 74.9%
(n5 197) treated with ibrutinib; the most common grade 3
or higher AEs in at least 5% of patients in either arm were
cytopenias, pneumonia, and hypertension (Table 2; Data
Supplement). The most common serious AEs in at least
5% of patients in either arm (acalabrutinib v ibrutinib)
were pneumonia (n 5 27 [10.2%] and n 5 26 [9.9%]),
anemia (n 5 14 [5.3%] and n 5 13 [4.9%]), and atrial
fibrillation (n 5 6 [2.3%] and n 5 14 [5.3%]; Data
Supplement). AEs led to treatment discontinuation in
14.7% (n 5 39) of patients treated with acalabrutinib and
21.3% (n5 56) treated with ibrutinib (Data Supplement);
AEs leading to dose interruption or dose reduction oc-
curred at similar frequencies in both arms (Data
Supplement).

Atrial fibrillation or atrial flutter of any grade was statistically
significantly less frequent for acalabrutinib versus ibrutinib
(n5 25 [9.4%] v n5 42 [16.0%]; P5 .02; Fig 4A); median
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time to any-grade (28.8 v 16.0 months) and grade 3 or
higher (22.3 v 4.8 months) atrial fibrillation or atrial flutter
events was longer for acalabrutinib. Among acalabrutinib
and ibrutinib patients with atrial fibrillation or flutter, eight
(32.0%) and 11 (26.2%) were 75 years or older, respec-
tively, 10 (40.0%) and five (11.9%) had a history of atrial
fibrillation, and 15 (60.0%) and 23 (54.8%) had a history of
hypertension. Among patients without a prior history of
atrial fibrillation or flutter, 15 of 243 (6.2%) and 37 of 249

(14.9%) patients had atrial fibrillation or flutter events with
acalabrutinib or ibrutinib, respectively (Fig 4A). No atrial
fibrillation events led to treatment discontinuation with
acalabrutinib versus seven (2.7%) with ibrutinib. Total
cardiac events (acalabrutinib: n 5 64 [24.1%] v ibrutinib:
n 5 79 [30.0%]; Fig 4A; Data Supplement) and hyper-
tension (n 5 25 [9.4%] v n 5 61 [23.2%], respectively)
occurred more frequently with ibrutinib (Fig 4A); grade 3 or
higher hypertension incidence was higher with ibrutinib

Patients assessed for eligibility 
(N = 808)

Assigned to receive acalabrutinib and     (n = 268)
   included in the efficacy analysis

Assigned to receive ibrutinib and    (n = 1)
   treated with acalabrutiniba 

Did not receive study treatment        (n = 3)
   Randomly assigned in error           (n = 2)
      (did not meet eligibility criteria)
   Pneumonia, sepsis, and cachexia  (n = 1)
      before receipt of treatment

Discontinued treatment                   (n = 142)
   Disease progression                       (n = 82)
   Adverse events                                (n = 40)
   Withdrew consent                             (n = 7)
   Removed per investigator decision (n = 5)
   Died                                                    (n = 5)
   Otherb                                                (n = 3)

Received treatment and included in        (n = 263)
   the safety analysis 

Received acalabrutinib at data cutoff      (n = 124) Received ibrutinib at data cutoff        (n = 109)

Did not meet eligibility criteria              (n = 275)
   Did not have del(17p) or del(11q)       (n = 146)
   Did not meet other eligibility criteria (n = 129)

Assigned to receive ibrutinib and   (n = 1)
   treated with acalabrutiniba

Did not receive study treatment   (n = 1)
   Withdrew consent                       (n = 1)

Discontinued treatment                   (n = 154)
   Disease progression                       (n = 68)
   Adverse events                               (n = 59)
   Withdrew consent                             (n = 7)
   Died                                                    (n = 6)
   Removed per investigator decision (n = 5)
   Otherc                                                (n = 9)

Assigned to receive ibrutinib and          (n = 265)
   included in the efficacy analysis

Randomly assigned patients                                               (n = 533)
   Patients with del(17p)                                        (n = 241)
   Patients with ECOG PS 2                                     (n = 42)
   Patients with one to three previous therapies (n = 471)

Received treatment and included in      (n = 266)
   the safety analysis

FIG 1. CONSORT diagram. aOne patient who was randomly assigned to the ibrutinib treatment arm received
acalabrutinib and ibrutinib during the study and was included in the acalabrutinib safety population. bIncludes
patients who discontinued treatment because of relocation (n5 1), medical monitor decision (n5 1), and starting
therapy with ibrutinib (n 5 1) but agreed to remain on study for follow-up. cIncludes patients who discontinued
treatment because of noncompliance (n5 2), withdrawal of consent for treatment or follow-up (n5 1), refusal of
medication (n 5 1), relocation (n 5 2), medical monitor decision (n 5 1), early termination because of second
primarymalignancy (n5 1), and IRC- andmedical monitor– or sponsor-confirmed progressive disease (n5 1) but
agreed to remain on study for follow-up. ECOG PS, Eastern Cooperative Oncology Group performance status; IRC,
Independent Review Committee.
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versus acalabrutinib (n 5 24 [9.1%] v n 5 11 [4.1%],
respectively). Exposure-adjusted frequencies of any-grade
atrial fibrillation or atrial flutter and hypertension were
approximately two-fold and three-fold higher with ibrutinib,

respectively. Kaplan-Meier analyses of cumulative inci-
dence revealed HRs of 0.52 (95% CI, 0.32 to 0.86)
and 0.34 (95% CI, 0.21 to 0.54) favoring acalabrutinib for
atrial fibrillation or atrial flutter (Fig 4B) and hypertension

TABLE 1. Baseline Characteristics
Characteristic Acalabrutinib (n 5 268) Ibrutinib (n 5 265)

Age, years

Median (range) 66 (41-89) 65 (28-88)

75 or older 44 (16.4) 43 (16.2)

Male 185 (69.0) 194 (73.2)

ECOG PS score

0-1 247 (92.2) 243 (91.7)

2 20 (7.5) 22 (8.3)

Bulky disease of at least 5 cm 128 (47.8) 136 (51.3)

Rai stage 3 or 4 131 (48.9) 134 (50.6)

Cytogenetic subgroup

Chromosome 17p13.1 deletion 121 (45.1) 120 (45.3)

Chromosome 11q22.3 deletion 167 (62.3) 175 (66.0)

Complex karyotypea 124 (46.3) 125 (47.2)

TP53 mutational status

Mutated 100 (37.3) 112 (42.3)

Unmutated 167 (62.3) 153 (57.7)

IGHV mutational status

Mutated 44 (16.4) 28 (10.6)

Unmutated 220 (82.1) 237 (89.4)

Cytopenia at baseline

Hemoglobin # 11.0 g/dL 100 (37.3) 96 (36.2)

Platelet count # 100 3 109/L 96 (35.8) 92 (34.7)

Absolute neutrophil count # 1.5 3 109/L 25 (9.3) 18 (6.8)

No. of prior therapies

Median (range) 2 (1-9) 2 (1-12)

1-3 234 (87.3) 237 (89.4)

4 or more 33 (12.3) 28 (10.6)

Most common previous therapiesb

Alkylators 242 (90.3) 240 (90.6)

Anti-CD20 monoclonal antibodies 227 (84.7) 229 (86.4)

Purine analog 172 (64.2) 158 (59.6)

Steroids 62 (23.1) 62 (23.4)

Chemotherapyc 39 (14.6) 37 (14.0)

Alemtuzumab 16 (6.0) 11 (4.2)

Lenalidomide (monotherapy and in combination) 5 (1.9) 13 (4.9)

NOTE. Data are No. (%) unless otherwise specified.
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; IGHV, immunoglobulin heavy chain variable region; TP53, tumor

protein p53.
aPatients with three or more chromosomal abnormalities and one or more structural abnormalities.
bA patient was only counted once for each category.
cIncludes doxorubicin, bleomycin, vinca/alkaloids, etoposide, and platinum-based regimens.
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(Fig 4C), respectively. The cumulative incidences of total
cardiac events also trended toward acalabrutinib (HR,
0.72; 95% CI, 0.52 to 1.0; Data Supplement). Any-grade
cardiac events led to treatment discontinuation in two
(0.8%) acalabrutinib-treated patients compared with 11
(4.2%) ibrutinib-treated patients (Data Supplement). No
ventricular tachyarrhythmia events occurred with acalab-
rutinib; one ibrutinib patient experienced grade 4 ven-
tricular fibrillation. One case of sudden cardiac death was
reported with ibrutinib in a 55-year-old male with no prior
cardiac history after approximately 8 months on treatment.

Rates of grade 3 or higher infections were comparable with
acalabrutinib (n 5 82 [30.8%]) and ibrutinib (n 5 79
[30.0%]) (Data Supplement); the most common grade 3 or
higher infections in at least 2% of patients in either arm
were pneumonia, sepsis, and urinary tract infection. The

cumulative incidences of any-grade and grade 3 or higher
infections are shown by arm in the Data Supplement.
Fungal opportunistic infection occurred in 10 (3.8%)
acalabrutinib patients, including five with pneumocystis
jirovecii pneumonia and five with Aspergillus infections,
and five (1.9%) ibrutinib patients, including two with As-
pergillus infections.

Richter transformation, most commonly manifested as
diffuse large B-cell lymphoma, occurred in 10 (3.8%)
acalabrutinib and 13 (4.9%) ibrutinib patients; the median
time to onset was 7.1months (range, 2.0-44.7months) and
11.5 months (range, 2.2-43.6 months), respectively (Data
Supplement). Six patients who developed Richter trans-
formation in each arm had del(17)(p13.1).

Bleeding events were less frequent with acalabrutinib
(n5 101 [38.0%]) versus ibrutinib (n5 135 [51.3%]; Data
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FIG 2. PFS, OS, and EFS. (A) Kaplan-Meier curve of IRC-assessed PFS (primary end point). (B) Kaplan-Meier curve of OS (secondary end point). (C)
Kaplan-Meier curve of IRC EFS. The Kaplan-Meier curves for IRC-assessed PFS cross at 33 months, indicating a violation of the proportional hazards
assumption. A sensitivity analysis on the basis of RMST, which is valid under nonproportional hazards, confirmed that acalabrutinib was noninferior to
ibrutinib, with a difference in RMST (acalabrutinib-ibrutinib) of 1.1 month (95% CI: 22.17 to 4.36) over 55 months. The lower bound of the 95% CI was
compared with an RMST noninferiority margin of25.83 months, derived from the HR noninferiority margin of 1.429. For the PFS analysis, three ibrutinib-
treated patients were censored because of PD or death immediately after missing two or more consecutive visits, and seven acalabrutinib and eight
ibrutinib patients were censored at random assignment because of no baseline assessment and/or no adequate postbaseline assessment. EFS, event-free
survival; HR, hazard ratio; IRC, Independent Review Committee; NE, not estimable; OS, overall survival; PD, progressive disease; PFS, progression-free
survival; RMST, restricted mean survival time.
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Supplement). Rates of major bleeding events were com-
parable (acalabrutinib: n 5 12 [4.5%]; ibrutinib: n 5 14
[5.3%]; Data Supplement). Second primary malignancies
excluding nonmelanoma skin cancers occurred in 24
(9.0%) and 20 (7.6%) acalabrutinib and ibrutinib patients,
respectively (Data Supplement); incidences of all second
primary malignancies are shown in the Data Supplement.

Deaths because of AEs within the treatment-emergent
period were reported in 17 (6.4%) acalabrutinib and 25
(9.5%) ibrutinib patients (Data Supplement).

DISCUSSION

Herein, we describe the first randomized, phase III trial
comparing ibrutinib with acalabrutinib in patients with
relapsed CLL. In this study, acalabrutinib, a more selective

BTKi, demonstrated similar efficacy versus ibrutinib on the
primary end point of IRC-assessed PFS. Concomitantly,
lower frequencies of common AEs (such as diarrhea, ar-
thralgia, contusion, back pain, muscle spasms, and dys-
pepsia) and overall cardiac events, including hypertension
and significant decreases in atrial fibrillation, were observed
with acalabrutinib. There was increased treatment expo-
sure to acalabrutinib with fewer serious AEs. Other events
typically associated with CLL natural history, such as
Richter transformation and noncutaneous malignancies,
were similar between arms. Collectively, this study met the
primary end point of noninferiority and demonstrated that
acalabrutinib has similar efficacy to ibrutinib but is gen-
erally better tolerated in patients with higher-risk relapsed
or refractory CLL.

No. of Events/Patients

Subgroup Analysis

Age group, years
   < 65
   ≥ 65 to < 75
   ≥ 75

Sex
   Male
   Female

ECOG at random assignmenta

   0, 1
   2

Rai stage at screening
   0-II
   III-IV

Bulky disease, cm
   < 5
   ≥ 5

No. of prior therapiesa

   1-3
   ≥ 4

Presence of del(17)(p13.1)a

   Yes
   No

Presence of del(11)(q22.3)
   Yes
   No

TP53 mutation
   Yes
   No

IGHV
   Mutated
   Unmutated

Complex karyotype
   Yes
   No

77/124
46/100
20/44

105/185
38/83

128/248
15/20

65/130
77/131

66/138
77/128

122/239
21/29

76/124
67/144

85/167
58/100

64/100
79/167

13/44
130/220

74/124
52/116

Acalabrutinib Ibrutinib

66/122
49/100
21/43

101/194
35/71

119/244
17/21

58/124
74/134

66/127
70/136

117/238
19/27

72/121
64/144

79/175
57/90

73/112
63/153

13/28
123/237

66/125
56/116

HR (95% CI)

1.09 (0.79 to 1.52)
0.98 (0.66 to 1.47)
0.69 (0.37 to 1.28)

1.06 (0.81 to 1.40)
0.88 (0.56 to 1.40)

1.03 (0.80 to 1.33)
0.64 (0.32 to 1.29)

1.12 (0.79 to 1.61)
0.93 (0.67 to 1.28)

0.79 (0.56 to 1.11)
1.25 (0.90 to 1.74)

0.99 (0.77 to 1.27)
1.07 (0.57 to 2.02)

1.00 (0.73 to 1.38)
1.00 (0.71 to 1.41)

1.08 (0.80 to 1.47)
0.86 (0.59 to 1.24)

0.95 (0.68 to 1.33)
1.11 (0.80 to 1.55)

0.60 (0.28 to 1.31)
1.09 (0.85 to 1.40)

1.04 (0.74 to 1.44)
0.92 (0.63 to 1.35)

0.05 0.1 0.5 1 5

Favor 
Acalabrutinib

Favor
 Ibrutinib

FIG 3. Prespecified subgroup analysis of IRC-assessed PFS. aPer interactive voice-web response system record. ECOG, Eastern Cooperative Oncology
Group; HR, hazard ratio; IGHV, immunoglobulin heavy chain variable region; IRC, Independent Review Committee; PFS, progression-free survival.
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There has been a paradigm shift in relapsed or refractory
CLL management with ibrutinib therapy; however, treat-
ment until disease progression makes tolerability and long-
term safety crucial components of therapy, especially in
CLL, which tends to affect an older population with

comorbidities.27 The cumulative risk of developing atrial fi-
brillation has emerged as an important issue in patients
treated with ibrutinib indefinitely.28,29 A retrospective cohort
study of patients with CLL found atrial fibrillation to be the
most common toxicity to cause ibrutinib discontinuation.30

Atrial fibrillation is associated with an increased risk of all-
cause and cardiovascular mortality, including stroke and
other cardiac complications.31 The management of atrial
fibrillation is challenging because of increased bleeding risks
with prophylactic anticoagulation medication given con-
comitantly with BTKis and drug-drug interaction potential
with anticoagulants.9,21,32 In this study, there was a signifi-
cantly lower incidence of atrial fibrillation (9.4% v 16.0%with
ibrutinib; P 5 .02) and a 48% lower cumulative atrial fi-
brillation risk with acalabrutinib. Clinical studies have sug-
gested that different covalent BTKis have comparable activity
but variable AE profiles,6,7,10,11,33 which may relate to the
degree of BTK selectivity. This was most recently demon-
strated by data from a phase III study of zanubrutinib
compared with ibrutinib in patients with Waldenstrom’s
macroglobulinemia, where despite a short study follow-up,
the findings also support a reduced incidence of atrial fi-
brillation with more selective BTK inhibition.33 Hypertension
events were also less frequent with acalabrutinib versus
ibrutinib (9.4% v 23.2%). Hypertension with ibrutinib has
been previously associated with morbidity and mortality.34

Additionally, treatment discontinuation because of cardiac
events was more than five-fold higher with ibrutinib com-
pared with acalabrutinib. Moreover, de novo atrial fibrillation
or flutter cases were 2.4 times higher with ibrutinib com-
pared with acalabrutinib, and median time to onset for atrial
fibrillation or flutter was longer with acalabrutinib versus
ibrutinib. Overall, discontinuations because of AEs were
numerically lower with acalabrutinib (14.7%) compared with
ibrutinib (21.3%). Of note, the incidence of grade $ 3 AEs,
leading to discontinuation, was similar in both treatment
arms. These findings underscore the substantial impact that
lower-severity AEs, such as atrial fibrillation, can have on
patients receiving chronic therapies. In the present study,
survival outcomes were not analyzed by cause of treatment
discontinuation to determine if differences in treatment
discontinuations because of AEs would affect survival.

Other study limitations include the use of an open-label
versus blinded study design that enabled patients and
treating physicians to know which treatment each patient
received. However, the impact on treatment discontinua-
tion was minimized as both drugs belong to the same class
and crossover between groups was not allowed. In addition,
the IRC was blinded to treatment assignment, which should
facilitate unbiased assessments; assessments of quantifi-
ably observed toxicities such as atrial fibrillation and hy-
pertension should be relatively independent of bias.

This study was performed in patients with relapsed CLL with
del(17)(p13.1) or del(11)(q22.3), which are considered
high-risk prognostic factors per National Comprehensive

TABLE 2. Most Common AEs Occurring in$ 10% (any grade) or$ 5% (grade 3 or
higher) of Patients in Either Treatment Arm

Event

Acalabrutinib
(n 5 266)

Ibrutinib
(n 5 263)

Any Grade Grade ‡ 3 Any Grade Grade ‡ 3

Diarrheaa,b 92 (34.6) 3 (1.1) 121 (46.0) 13 (4.9)

Headachea,b 92 (34.6) 4 (1.5) 53 (20.2) 0

Cougha 77 (28.9) 2 (0.8) 56 (21.3) 1 (0.4)

Upper respiratory tract
infection

71 (26.7) 5 (1.9) 65 (24.7) 1 (0.4)

Pyrexia 62 (23.3) 8 (3.0) 50 (19.0) 2 (0.8)

Anemia 58 (21.8) 31 (11.7) 49 (18.6) 34 (12.9)

Neutropenia 56 (21.1) 52 (19.5) 65 (24.7) 60 (22.8)

Fatigueb 54 (20.3) 9 (3.4) 44 (16.7) 0

Arthralgiaa 42 (15.8) 0 60 (22.8) 2 (0.8)

Hypertensiona,b 23 (8.6) 11 (4.1) 60 (22.8) 23 (8.7)

Nausea 47 (17.7) 0 49 (18.6) 1 (0.4)

Pneumonia 47 (17.7) 28 (10.5) 43 (16.3) 23 (8.7)

Thrombocytopenia 40 (15.0) 26 (9.8) 35 (13.3) 18 (6.8)

Dyspnea 37 (13.9) 6 (2.3) 23 (8.7) 1 (0.4)

Bronchitis 34 (12.8) 3 (1.1) 23 (8.7) 2 (0.8)

Constipation 31 (11.7) 0 37 (14.1) 2 (0.8)

Contusiona 31 (11.7) 0 48 (18.3) 1 (0.4)

Nasopharyngitis 29 (10.9) 0 27 (10.3) 0

Dizziness 28 (10.5) 0 26 (9.9) 0

Vomiting 28 (10.5) 1 (0.4) 36 (13.7) 3 (1.1)

Peripheral edema 26 (9.8) 0 38 (14.4) 1 (0.4)

Rash 26 (9.8) 2 (0.8) 33 (12.5) 0

Myalgia 25 (9.4) 2 (0.8) 27 (10.3) 1 (0.4)

Atrial fibrillationa 24 (9.0) 12 (4.5) 41 (15.6) 9 (3.4)

Urinary tract infectiona 22 (8.3) 3 (1.1) 36 (13.7) 6 (2.3)

Back paina 20 (7.5) 0 34 (12.9) 2 (0.8)

Epistaxis 19 (7.1) 1 (0.4) 28 (10.6) 1 (0.4)

Muscle spasmsa 16 (6.0) 0 35 (13.3) 2 (0.8)

Dyspepsiaa 10 (3.8) 0 32 (12.2) 0

NOTE. Data are reported as No. (%). AEs are reported as individual MedDRA
preferred terms. Higher incidences are shown in bold text for terms with statistical
differences.
Abbreviations: AEs, adverse events; MedDRA, Medical Dictionary for Regulatory

Activities.
aDescriptive two-sided P , .05 on the basis of Barnard’s exact test without

multiplicity adjustment for all-grade AEs.
bDescriptive two-sided P , .05 on the basis of Barnard’s exact test without

multiplicity adjustment for grade 3 or higher AEs.
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Acalabrutinib
(n = 266)

Ibrutinib
(n = 263)

Events Any Grade Grade ���3 Any Grade Grade ���3

Hypertension eventsa 25 (9.4) 11 (4.1) 61 (23.2) 24 (9.1)

Events/100 person-months 0.444 0.133 1.243 0.435

Patients with a history of hypertension 16 (64.0) 9 (81.8) 30 (49.2) 16 (66.7)

Cardiac events 64 (24.1) 23 (8.6) 79 (30.0) 25 (9.5)

Ventricular arrhythmia or cardiac arrest 1 (0.4) 1 (0.4) 5 (1.9) 3 (1.1)

Cardiorespiratory arrest 1 (0.4) 1 (0.4) 0 0

Cardiac arrest 0 0 2 (0.8) 2 (0.8)

Ventricular arrhythmia 0 0 1 (0.4) 0

Ventricular extrasystoles 0 0 1 (0.4) 0

0 0 1 (0.4) 1 (0.4)

25 (9.4)c 13 (4.9) 42 (16.0) 10 (3.8)

Events/100 person-months 0.366 0.155 0.721 0.124

Age 75 years or older 8 (32.0) 6 (46.2) 11 (26.2) 4 (40.0)

10 (40.0) 6 (46.2) 5 (11.9) 2 (20.0)

Patients with risk factorsd 23 (92.0) 12 (92.3) 32 (76.2) 8 (80.0)

Hypertension 15 (60.0) 6 (46.2) 23 (54.8) 6 (60.0)

Diabetes mellituse 10 (40.0) 5 (38.5) 4 (9.5) 2 (20.0)

Myocardial infarction/ischemia 3 (12.0) 3 (23.1) 4 (9.5) 0

Cardiac diseasef 2 (8.0) 2 (15.4) 5 (11.9) 2 (20.0)

28.8 (0.4-52.0) 22.3 (0.4-45.1) 16.0 (0.5-48.3) 4.8 (0.5-28.2)

Treatment discontinuations because of atrial
fibrillation 0 0 7 (16.7) 2 (20.0)

4 (16.0) 3 (23.1) 6 (14.3) 1 (10.0)

Cardioversion 4 (16.0) 2 (15.4) 5 (11.9) 1 (10.0)

Cardiac pacemaker insertion 1 (4.0) 1 (7.8) 0 0

Cardiac ablation 0 0 1 (2.4) 0

0 0 1 (2.4) 0

Age 75 years or older 8 of 44 (18.2) 6 of 44 (13.6) 11 of 42 (26.2) 4 of 42 (9.5)

Without previous history of atrial
fibrillation or flutter 15 of 243 (6.2) 7 of 243 (2.9) 37 of 249 (14.9) 8 of 249 (3.2)

Without risk factorsd 2 of 99 (2.0) 1 of 99 (1.0) 10 of 99 (10.1) 2 of 99 (2.0)

Ventricular fibrillation

Atrial fibrillationb

Patients with a history of atrial fibrillation

Time to atrial fibrillation onset, median
(range), months

Interventional procedures for atrial fibrillation

Implantable defibrillator insertion

Atrial fibrillation or flutter incidence in patient
subgroups 

A

FIG 4. (A) Summary of hypertension and selected cardiac events and cumulative incidence of (B) atrial fibrillation and (C) hypertension. NOTE. Data are
reported as no. (%) unless otherwise specified; within each event type (hypertension, cardiac events, and atrial fibrillation), percentages are based on the
number of patients with the event. aIncludes events with the preferred terms of hypertension, blood pressure increased, and blood pressure systolic
increased; two-sided P value on the basis of Barnard’s exact test without multiplicity adjustment, P, .001 (any-grade) and P5 .0214 (grade 3 or higher).
bIncludes events with the preferred terms of atrial fibrillation and atrial flutter (a patient was only counted once if he or she experienced both types of
events); atrial flutter was reported in one patient in the acalabrutinib arm and two patients in the ibrutinib arm (one of the two ibrutinib patients also had an
atrial fibrillation event and was counted only once for the combined atrial fibrillation or flutter term). cPart of the multiple testing procedure; difference in
any-grade incidence rates was 26.6% (95% CI: 212.2 to 20.9), P 5 .02. dRisk factors for atrial fibrillation were based on medical review. eIncludes
patients with a history of diabetes mellitus or type 2 diabetes mellitus. fIncludes patients with a history of coronary artery bypass, coronary artery disease,
cardiomyopathy, cardiac failure chronic, or cardiac failure congestive. HR, hazard ratio.
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Cancer Network guidelines,35 although the value of
del(11)(q22.3) as a prognostic factor is questionable with
BTKi therapies.36 However, these findings are potentially
even more relevant to individuals earlier in the disease
course. Patients with previously untreated disease have
longer expected survival times37 and therefore potentially
longer time on BTKi therapy. The improved tolerability of
acalabrutinib suggests that it would be an equally effective
yet safer initial treatment than ibrutinib in treatment-naive

patients, particularly in those with pre-existing cardiovas-
cular complications.

In summary, in this first directly comparative phase III trial of
ibrutinib with acalabrutinib in CLL, acalabrutinib is non-
inferior in PFS and provides improved safety with fewer atrial
fibrillation events and discontinuations because of AEs
versus ibrutinib. These clinical trial findings demonstrate that
acalabrutinib is better tolerated and has similar efficacy to
ibrutinib in previously treated patients with CLL.
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