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TO THE EDITOR

Bruton tyrosine kinase (BTK) inhibitors have improved chronic
lymphocytic leukemia (CLL) outcomes and offer a chemotherapy-
free option [1]. The BTK inhibitor ibrutinib, alone or with a CD20
antibody, demonstrated better efficacy versus chemoimmu-
notherapy in treatment-naive (TN) CLL [2-4]. However, cardiovas-
cular toxicity is a concern with continuous ibrutinib use [5, 6].

Acalabrutinib is a next-generation, selective BTK inhibitor
approved for CLL/small lymphocytic leukemia (SLL). Acalabrutinib,
alone or with obinutuzumab, showed favorable efficacy in clinical
trials [7, 8]. ELEVATE-TN demonstrated superior efficacy for
acalabrutinib-obinutuzumab versus obinutuzumab-chlorambucil
with acceptable tolerability in TN CLL [9]. We report 4-year follow-
up results from ELEVATE-TN.

ELEVATE-TN is a phase 3, randomized, multicenter, open-label
study (NCT02475681) that enrolled patients aged =65 years, or
18-65 years with comorbidities (Cumulative lliness Rating Scale-
Geriatric score >6, creatinine clearance 30-69 mL/min by Cock-
croft-Gault), who had TN CLL or SLL requiring treatment, Eastern
Cooperative Oncology Group performance status score of <2, and
adequate hematologic, hepatic, and renal function [9]. Patients
were randomized (1:1:1) to acalabrutinib 100 mg twice daily (until
disease progression or unacceptable toxicity) with or without

obinutuzumab (fixed-duration, up to 6 cycles) or obinutuzumab
plus chlorambucil (up to 6 cycles). Crossover to acalabrutinib
monotherapy was permitted in patients who progressed on
obinutuzumab-chlorambucil. The primary study endpoint was
independent review committee (IRC)-assessed progression-free
survival (PFS). After primary analysis, PFS was investigator-
assessed.  Key  secondary/exploratory  endpoints  were
investigator-assessed PFS, investigator-assessed overall response
rate (ORR), overall survival (OS), undetectable minimal residual
disease (UMRD) rate, and safety. The study was not powered to
compare acalabrutinib  versus  acalabrutinib-obinutuzumab.
Informed consent was obtained from all patients before enroll-
ment. Study details were previously published [9].

In total, 535 patients were randomized (acalabrutinib-obinutu-
zumab, n=179; acalabrutinib, n=179; obinutuzumab-chloram-
bucil, n=177). Median age was 70 years (range, 41.0-91.0); 14%
had del(17)(p13.1) and/or mutated TP53 and 63% had unmutated
immunoglobulin heavy chain variable (IGHV) gene (Supplemen-
tary Table 1).

At a median follow-up of 46.9 months (range, 0.0-59.4),
treatment was ongoing in 74.9% (n=134) and 69.3% (n = 124)
of patients in the acalabrutinib-obinutuzumab and acalabrutinib
monotherapy arms, respectively (Supplementary Table 2). Sixty-
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nine patients (39.0%) in the obinutuzumab-chlorambucil arm had
crossed over to acalabrutinib. Overall, 25.1% of acalabrutinib-
obinutuzumab patients and 30.7% of acalabrutinib patients
discontinued treatment; 22.6% of obinutuzumab-chlorambucil
patients did not complete therapy. The most common reason
for treatment discontinuation (acalabrutinib-obinutuzumab, aca-
labrutinib, and obinutuzumab-chlorambucil) was adverse events
(AEs; 12.8%, 12.3%, and 14.7%, respectively).

Median investigator-assessed PFS was not reached (acalabruti-
nib-containing arms) versus 27.8 months for obinutuzumab-
chlorambucil (both P<0.0001; Fig. 1A). In a post hoc analysis,
prolonged PFS also was observed with acalabrutinib-
obinutuzumab versus acalabrutinib (P = 0.0296; Fig. 1A); however,
the study was not sufficiently powered for this comparison. The
PFS benefit of acalabrutinib-containing regimens was consistent in
high-risk genomic subgroups. In patients with del(17)(p13.1) and/
or mutated TP53, median PFS was not reached (acalabrutinib-
containing arms) versus 17.5 months for obinutuzumab-
chlorambucil (both P <0.0001; Fig. 1B); similar results were seen
in patients with only del(17)(p13.1) (Supplementary Fig. 1). In
patients with unmutated IGHV, median PFS was not reached
(acalabrutinib-containing arms) versus 222 months for
obinutuzumab-chlorambucil (both P <0.0001); median PFS was
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not reached in any treatment arm in patients with mutated IGHV
(Fig. 1Q). Estimated 48-month PFS rates overall were 87.0% for
acalabrutinib-obinutuzumab, 77.9% for acalabrutinib, and 25.1%
for  obinutuzumab-chlorambucil. In  the  acalabrutinib-
obinutuzumab and acalabrutinib monotherapy arms, 48-month
PFS rates were 74.8% and 76.2%, respectively, for patients with del
(17)(p13.1) and/or mutated TP53, and 85.7% and 77.1% for
patients with unmutated IGHV.

Median OS was not reached in any treatment arm. Fewer deaths
occurred in patients receiving acalabrutinib-obinutuzumab versus
obinutuzumab-chlorambucil, but the difference was not statisti-
cally significant (HR: 0.50; 95% ClI, 0.25, 1.02; P=0.0604;
Supplementary Fig. 2). While the OS HR for acalabrutinib-
obinutuzumab versus acalabrutinib in a post hoc analysis was
noteworthy (HR: 0.53; 95% Cl, 0.26, 1.06), the difference between
the two acalabrutinib-containing arms was not statistically
significant (P =0.0836). Estimated 48-month OS rates were
92.9% for acalabrutinib-obinutuzumab, 87.6% for acalabrutinib,
and 88.0% for obinutuzumab-chlorambucil.

The ORR was significantly higher with acalabrutinib-
obinutuzumab (96.1% [n=172/179]; 95% Cl, 92.1, 98.1) versus
obinutuzumab-chlorambucil (82.5% [n=146/177]; 95% Cl, 76.2,
874; P<0.0001; Supplementary Fig. 3A). The ORR with

Leukemia (2022) 36:1171-1175
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Table 1. Common adverse events (AEs) and selected AEs of interest.
A+0 (n=178) A (n=179) O+ Clb (n=169)
Treatment exposure, median (range), months 46.6 (2.3-58.6) 45.7 (0.3-59.3) 5.6 (0.9-7.4)
Common AEs (in > 25% of patients [any grade] in any group), n (%)
Any grade Grade 23 Any grade Grade 23 Any grade Grade 23
Diarrhea 73 (41.0) 9 (5.1) 72 (40.2) 1 (0.6) 36 (21.3) 3(1.8)
Headache 71 (39.9) 2 (1.1) 68 (38.0) 2 (1.1) 20 (11.8) 0
Neutropenia 60 (33.7) 55 (30.9) 22 (12.3) 20 (11.2) 76 (45.0) 70 (41.4)
Fatigue 50 (28.1) 2.2) 39 (21.8) 2 (1.1) 30 (17.8) 2(1.2)
Arthralgia 47 (26.4) 1.1) 35 (19.6) 2 (1.1) 8 (4.7) 2(1.2)
Cough 46 (25.8) 0.6) 40 (22.3) 1 (0.6) 15 (8.9) 0
URTI 44 (24.7) 2.2) 46 (25.7) 16 (9.5) 1 (0.6)
Nausea 41 (23.0) 41 (22.9) 53 (31.4) 0
IRR 25 (14.0) 5 (2.8) 0 68 (40.2) 10 (5.9)
Selected events of clinical interest, n (%)
Cardiac events® 37 (20.8) 14 (7.9)° 34 (19.0) 15 (8.4)° 13 (7.7) 3(1.8)
Atrial fibrillation/flutter 7 (3.9) 0.6) 11 (6.1) 2(1.1) 1 (0.6)
Bleeding 84 (47.2) 2.8) 75 (41.9) 5 (2.8) 20 (11.8)
Major bleedingd 7 (3.9) 2.8) 7 (3.9) 5 (2.8) 2(1.2)
Hypertension 14 (7.9) 3.4) 13 (7.3) 5 (2.8) 7 (4.1) 6 (3.6)
Infections 134 (75.3) 42 (23.6) 132 (73.7) 29 (16.2) 75 (44.4) 14 (8.3)
SPMs 28 (15.7) 13 (7.3) 24 (13.4) 5 (2.8) 7 (4.1) 3(1.8)
Excluding NMS 15 (8.4) 10 (5.6) 11 (6.1) 4 (2.2) 3(1.8) 2(1.2)

A acalabrutinib, AE adverse event, Clb chlorambucil, /IRR infusion-related reaction, NMS non-melanoma skin, O obinutuzumab, SPMs secondary primary

malignancies, URTI upper respiratory tract infection.

Cardiac events that occurred in >1 patient (any grade; other than atrial fibrillation) in any group include angina pectoris, palpitations, atrioventricular block
complete, myocardial ischemia, tachycardia, bradycardia, cardiac failure, left ventricular failure, myocardial infarction, pericardial effusion, acute myocardial

infarction, and supraventricular tachycardia.

PCardiac events (grade 23) that occurred in >1 patient (other than atrial fibrillation) include atrioventricular block complete (n = 3), angina pectoris (n = 2),

myocardial ischemia (n = 2), and myocardial infarction (n = 2).

“Cardiac events (grade >3) that occurred in >1 patient (other than atrial fibrillation) include acute myocardial infarction (n = 3), cardiac failure (n = 2), and

myocardial infarction (n = 2).

9Defined as any serious or grade 23 hemorrhagic event, or any-grade hemorrhagic event in the central nervous system.

acalabrutinib (89.9% [n=161/179]; 95% Cl, 84.7, 93.5) also was
significantly higher versus obinutuzumab-chlorambucil (P=
0.035). The complete response (CR) rate, including CR with

incomplete hematologic recovery (CRi), was higher with
acalabrutinib-obinutuzumab (30.7% [n=55/179])  versus
obinutuzumab-chlorambucil (13.0% [n=23/177]) and versus

acalabrutinib (post hoc; 11.2% [n=20/179]). Comparing the
acalabrutinib-obinutuzumab and acalabrutinib monotherapy
arms, CR+ CRi rates were 32.0% and 13.0%, respectively, for
patients with del(17)(p13.1) and/or mutated TP53, and 28.2% and
12.6% for patients with unmutated IGHV. Sustained uMRD rates
based on the last two MRD assessments are shown in
Supplementary Fig. 3B.

Median treatment exposure was 46.6 months for acalabrutinib-
obinutuzumab and 45.7 months for acalabrutinib monotherapy
(Table 1); no new safety signals were observed. The most common
any-grade AEs (=30%) were diarrhea, headache, and neutropenia
for acalabrutinib-obinutuzumab; diarrhea and headache for
acalabrutinib monotherapy; and neutropenia, infusion-related
reaction, and nausea for obinutuzumab-chlorambucil (Table 1).
AEs occurring more frequently in the acalabrutinib-containing
arms included headache, diarrhea, fatigue, arthralgia, cough, and
upper respiratory tract infection. Headaches, while common, were
typically low grade; none led to treatment discontinuation. Among
patients receiving acalabrutinib-obinutuzumab, neutropenia, fati-
gue, and arthralgia were more frequent relative to acalabrutinib

Leukemia (2022) 36:1171-1175

alone. The obinutuzumab-chlorambucil arm had more frequent
neutropenia, nausea, and infusion-related reactions relative to
both acalabrutinib-containing arms, though differences in AE
reporting could be due to the longer treatment exposure in the
acalabrutinib-containing arms versus the comparator arm. In the
acalabrutinib-containing arms, most of the common AEs
decreased in incidence over time, and most events occurred
more predominantly during the first year of treatment (Supple-
mentary Table 3). Incidence and time to onset of AEs leading to
discontinuation of acalabrutinib-containing treatment are
described in Supplementary Table 4.

Events of clinical interest (ECls), including cardiovascular events,
were similar in both acalabrutinib arms (Table 1). In addition, the
cumulative incidences of atrial fibrillation and hypertension over
time were low and similar across treatment groups (Supplemen-
tary Fig. 4).

With a median follow-up of 46.9 months, the efficacy and safety
of acalabrutinib plus obinutuzumab and acalabrutinib monother-
apy were maintained with low rates of treatment discontinuation.
Median PFS was not reached for either acalabrutinib-containing
arm, and PFS continued to be significantly longer for both
acalabrutinib-containing arms versus obinutuzumab-chlorambucil.
Consistent with the primary report [9], the acalabrutinib-
containing arms continued to demonstrate significantly greater
PFS benefits versus obinutuzumab-chlorambucil in high-risk
genomic subgroups, including del(17)(p13.1) and/or mutated

SPRINGER NATURE
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TP53 and unmutated IGHV, with longer-term treatment. Of note,
the estimated PFS rate at 48 months trended in favor of the
acalabrutinib combination versus acalabrutinib monotherapy,
consistent with findings from preclinical studies demonstrating
that, in contrast to ibrutinib, acalabrutinib does not interfere with
the anti-tumor immune-mediated mechanisms of anti-CD20
monoclonal antibodies [10, 11]. In the acalabrutinib-containing
arms, the CR/CRi rate increased from the primary analysis at
28.3 months (acalabrutinib-obinutuzumab: 24.0%; acalabrutinib:
7.8% [9]) to the current report at a follow-up of 4 years (30.7% and
11.2%, respectively). In high-risk subgroups, CR/CRi rates were
numerically higher with the acalabrutinib combination versus
monotherapy; however, the study was not powered for this
comparison. Further research is needed to assess the efficacy
benefits of acalabrutinib-obinutuzumab combination therapy.
With longer-term follow-up, the tolerability profile of the
acalabrutinib-containing arms was consistent with that of the
primary analysis. Incidences of the most common AEs, such as
headache, diarrhea, neutropenia, and fatigue, were generally
unchanged or saw a slight increase from the primary analysis [9].

Though cross-trial comparisons are limited, the efficacy results
from this study are aligned with those from the iLLUMINATE study
of ibrutinib-obinutuzumab in a similar patient population at a
median follow-up of 31.3 months [4]. In that study, median PFS
(assessed by IRC) was not reached; the estimated 30-month PFS
rate was 79% with ibrutinib-obinutuzumab. Atrial fibrillation and
hypertension rates with ibrutinib-obinutuzumab (12 and 17%,
respectively) in iLLUMINATE [4] were higher than the atrial
fibrillation/flutter and hypertension rates reported with
acalabrutinib-obinutuzumab in the present study (4 and 8%).
Discontinuation due to AEs was similar with ibrutinib-
obinutuzumab (16%) in the iLLUMINATE study and with
acalabrutinib-obinutuzumab in the present study (13%). By
comparison, a head-to-head study of acalabrutinib versus ibrutinib
(ELEVATE-RR; NCT02477696) at a median follow-up of 40.9 months
demonstrated non-inferiority for PFS (primary endpoint) and a
statistically significantly lower incidence of atrial fibrillation/flutter
with acalabrutinib versus ibrutinib (9% vs 16%, respectively) in
patients with previously treated CLL [12]. In ELEVATE-RR,
hypertension incidence was also statistically higher with ibrutinib
versus acalabrutinib (23% vs 9%).

Based on these updated results, ELEVATE-TN shows continued
efficacy at 4 years and a significant PFS benefit in the
acalabrutinib-containing arms regardless of high-risk status. PFS
benefit is seen particularly with acalabrutinib-obinutuzumab,
although this combination resulted in a higher incidence of AEs
compared with acalabrutinib monotherapy. No new safety signals
were observed with acalabrutinib-containing treatment with
longer-term follow-up. The safety of acalabrutinib-containing
treatment was consistent with the primary analysis [9], with a
low incidence of ECls, particularly cardiovascular AEs (atrial
fibrillation/flutter and hypertension) and low rates of treatment
discontinuation despite longer treatment exposure. Findings
illustrate the flexibility to tailor acalabrutinib treatment as
monotherapy or combination treatment and support acalabrutinib
as a combination partner with obinutuzumab in the first-line CLL
setting.
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