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Summary

Background—Acalabrutinib is a selective, covalent Bruton tyrosine-kinase inhibitor with
activity in chronic lymphocytic leukaemia. We compare the efficacy of acalabrutinib with or
without obinutuzumab against chlorambucil with obinutuzumab in patients with treatment-naive
chronic lymphocytic leukaemia.

Methods—ELEVATE-TN is a global, phase 3, multicentre, open-label study in patients with
treatment-naive chronic lymphocytic leukaemia done at 142 academic and community hospitals in
18 countries. Eligible patients had untreated chronic lymphocytic leukaemia and were aged 65
years or older, or older than 18 years and younger than 65 years with creatinine clearance of 30-69
mL/min (calculated by use of the Cockcroft-Gault equation) or Cumulative IlIness Rating Scale
for Geriatrics score greater than 6. Additional criteria included an Eastern Cooperative Oncology
Group performance status score of 2 or less and adequate haematologic, hepatic, and renal
function. Patients with significant cardiovascular disease were excluded, and concomitant
treatment with warfarin or equivalent vitamin K antagonists was prohibited. Patients were
randomly assigned (1:1:1) centrally via an interactive voice or web response system to receive
acalabrutinib and obinutuzumab, acalabrutinib monotherapy, or obinutuzumab and oral
chlorambucil. Treatments were administered in 28-day cycles. To reduce infusion-related
reactions, acalabrutinib was administered for one cycle before obinutuzumab administration. Oral
acalabrutinib was administered (100 mg) twice a day until progressive disease or unacceptable
toxic effects occurred. In the acalabrutinib-obinutuzumab group, intravenous obinutuzumab was
given on days 1 (100 mg), 2 (900 mg), 8 (1000 mg), and 15 (1000 mg) of cycle 2 and on day 1
(1000 mg) of cycles 3-7. In the obinutuzumab-chlorambucil group, intravenous obinutuzumab
was given on days 1 (100 mg), 2 (900 mg), 8 (1000 mg), and 15 (1000 mg) of cycle 1 and on day 1
(1000 mg) of cycles 2—6. Oral chlorambucil was given (0-5 mg/kg) on days 1 and 15 of each cycle,
for six cycles. The primary endpoint was progression-free survival between the two combination-
therapy groups, assessed by independent review committee. Crossover to acalabrutinib was
allowed in patients who progressed on obinutuzumab-chlorambucil. Safety was assessed in all
patients who received at least one dose of treatment. Enrolment for this trial is complete, and the
study is registered at Clinical Trials.gov, NCT02475681.
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Findings—Between Sept 14, 2015, and Feb 8, 2017, we recruited 675 patients for assessment.
140 patients did not meet eligibility criteria, and 535 patients were randomly assigned to
treatment. 179 patients were assigned to receive acalabrutinib-obinutuzumab, 179 patients were
assigned to receive acalabrutinib monotherapy, and 177 patients were assigned to receive
obinutuzumab-chlorambucil. At median follow-up of 28-3 months (IQR 25-6-33-1), median
progression-free survival was longer with acalabrutinib-obinutuzumab and acalabrutinib
monotherapy, compared with obinutuzumab-chlorambucil (median not reached with acalabrutinib
and obinutuzumab vs22-6 months with obinutuzumab, hazard ratio [HR] 0-1; 95% CI 0-06-0-17,
p<0-0001; and not reached with acalabrutinib monotherapy vs22-6 months with obinutuzumab,
0-20; 0:13-0-3, p<0-0001). Estimated progression-free survival at 24 months was 93% with
acalabrutinib-obinutuzumab (95% CI 87-96%), 87% with acalabrutinib monotherapy (81-92%),
and 47% with obinutuzumab-chlorambucil (39-55%). The most common grade 3 or higher
adverse event across groups was neutropenia (53 [30%] of 178 patients in the acalabrutinib-
obinutuzumab group, 17 [10%)] of 179 patients in the acalabrutinib group, and 70 [41%] of 169
patients in the obinutuzumab-chlorambucil group). All-grade infusion reactions were less frequent
with acalabrutinib-obinutuzumab (24 [14%] of 178 patients) than obinutuzumab-chlorambucil (67
[40%] of 169 patients). Grade 3 or higher infections occurred in 37 (21%) patients given
acalabrutinib-obinutuzumab, 25 (14%) patients given acalabrutinib monotherapy, and 14 (8%)
patients given obinutuzumab-chlorambucil. Deaths occurred in eight (5%) patients given
acalabrutinib-obinutuzumab, 12 (7%) patients given acalabrutinib, and 15 (9%) patients given
obinutuzumab-chlorambucil.

Interpretation—Acalabrutinib with or without obinutuzumab significantly improved
progression-free survival over obinutuzumab-chlorambucil chemoimmunotherapy, providing a
chemotherapy-free treatment option with an acceptable side-effect profile that was consistent with
previous studies. These data support the use of acalabrutinib in combination with obinutuzumab or
alone as a new treatment option for patients with treatment-naive symptomatic chronic
lymphocytic leukaemia.

Funding—Acerta Pharma, a member of the AstraZeneca Group, and R35 CA198183 (to JCB).

Introduction

Chronic lymphocytic leukaemia is a B-cell malignancy that is usually considered incurable.
This disease usually occurs in older patients and has a widely variable disease course.
Although chemoimmunotherapy and CD20 antibodies as first-line treatment have greatly
improved outcomes, 1~ evidence?6.7 indicates a benefit of non-chemotherapeutic
approaches targeting Bruton tyrosine-kinase (BTK) with ibrutinib, or BCL-2 with
venetoclax, reporting superior outcomes compared with chemoimmunotherapy as first-line
ther apy. Four randomised studies®—9 assessed ibrutinib alone or with a CD20 antibody in
patients with treatment-naive chronic lymphocytic leukaemia, and reported better
progression-free survival than with chemoimmunother apy (comparator groups given
chlorambucil, chlorambucil-obinutuzumab, bendamustine-rituximab, or fludarabine-
cyclophosphamide-rituximab).

Studies combining rituximab with ibrutinib did not report improvement in progression-free
survival over ibrutinib monotherapy.810 Obinutuzumab mediates superior antibody-
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dependent cellular cytotoxicity compared with rituximab,!1 and was shown to be more
efficacious than rituximab among patients with chronic lymphocytic leukaemia in a
randomised controlled trial.> Although obinutuzumab-ibrutinib treatment has shown better
efficacy than chlorambucil-obinutuzumab,® the benefit of adding obinutuzumab to ibrutinib
or another BTK inhibitor for patients with untreated chronic lymphocytic leukaemia has not
been studied in a trial with BTK inhibitor monotherapy.

Acalabrutinib is a selective, covalent BTK inhibitor with minimal activity against alternative
targets, which is approved by the FDA for the treatment of adults with chronic lymphocytic
leukaemia.12-14 Acalabrutinib has shown efficacy alone or in combination with
obinutuzumab in phase 1-2 studies®16 in patients with untreated chronic lymphocytic
leukaemia (proportion of patients with overall response 95-97%), with durable remissions,
favourable long-term tolerability, and low discontinuation rates. The phase 3 ELEVATE-TN
study was designed to compare the efficacy and safety of acalabrutinib-obinutuzumab or
acalabrutinib monotherapy with obinutuzumab-chlorambucil to ascertain if acalabrutinib
with or without obinutuzumab had a therapeutic advantage over chemoimmunotherapy in
patients with untreated chronic lymphocytic leukaemia.

Study design and participants

ELEVATE-TN is a phase 3, randomised, multicentre, open-label study done at 142 academic
and community hospitals in 18 countries (appendix p 3). Eligible patients had untreated
chronic lymphocytic leukaemia (also called treatment-naive chronic lymphocytic leukaemia)
requiring treatment per International Workshop on Chronic Lymphocytic Leukemia (iwCLL)
criteria.1” Participants were aged 65 years or older, or older than 18 years and younger than
65 years with comorbidities (creatinine clearance of 30-69 mL/min calculated by use of the
Cockcroft-Gault equation or Cumulative Iliness Rating Scale for Geriatrics score >6).18
Additional criteria included an Eastern Cooperative Oncology Group performance status
(ECOG PS) score 2 or less and adequate haematologic, hepatic, and renal function. Patients
with significant cardiovascular disease were excluded, and concomitant treatment with
warfarin or equivalent vitamin K antagonists was prohibited (appendix p 10). The
independent review and ethics committees of all participating institutions approved the
protocol. All patients provided written informed consent. The study was done according to
the principles of the Declaration of Helsinki and the International Conference on
Harmonisation Guidelines for Good Clinical Practice.

Randomisation and masking

Patients were randomly assigned (1:1:1) via a centralised interactive voice and web response
system to receive acalabrutinib-obinutuzumab, acalabrutinib monotherapy, or
obinutuzumab-chlorambucil. Patients were stratified based on the presence or absence of
del(17)(p13-1), ECOG PS score (0-1 vs2), and geographic region (North America, western
Europe, or other). Patients and investigators were not masked to treatment. An independent
data monitoring committee periodically reviewed safety data and efficacy results in the
planned interim analysis. A masked independent review committee (IRC) assessed
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progression and response data. The study sponsor did not do any aggregated analyses by
treatment group until after the IRC had been unmasked.

Treatments were administered in 28-day cycles. Oral acalabrutinib was administered (100
mg) twice a day until progressive disease or unacceptable toxic effects occurred. To reduce
infusion-related reactions, acalabrutinib was given for one cycle before obinutuzumab.1®
Obinutuzumab and chlorambucil were given for six cycles. In the acalabrutinib-
obinutuzumab group, intravenous obinutuzumab was given on days 1 (100 mg), 2 (900 mg),
8 (1000 mg), and 15 (1000 mg) of cycle 2 and on day 1 (1000 mg) of cycles 3—-7. In the
obinutuzumab-chlorambucil group, intravenous obinutuzumab was given on days 1 (100
mg), 2 (900 mg), 8 (1000 mg), and 15 (1000 mg) of cycle 1 and on day 1 (1000 mg) of
cycles 2—-6. Oral chlorambucil was given (0-5 mg/kg) on days 1 and 15 of each cycle.

If patients in the obinutuzumab-chlorambucil group had IRC-supported disease progression,
they were able to cross over to receive acalabrutinib monotherapy. Dose modifications of
acalabrutinib and chlorambucil were allowed for management of adverse events (AEs;
appendix p 11). The study investigators withdrew patients in the case of consent withdrawal,
loss to follow-up, or death.

To track disease progression, study investigators gave patients an MRI or CT scan with
contrast dye at baseline, every 12 weeks until cycle 25, and every 24 weeks thereafter until
disease progression occurred.

Baseline assessments at screening included central analysis of genomic aberrations with
fluorescence in situ hybridisation (FISH), mutational analysis of the immunoglobulin heavy-
chain variable-region (/GHV) and cellular antigen tumour protein p53 genes ( 7P53) by
DNA sequencing, and evaluation of lymph-node size by physical assessment and CT or
MRI. A central laboratory tested peripheral blood samples obtained from all patients at
baseline. FISH probes were used for cytogenetic profiling, and testing assessed
abnormalities in chromosomes 13q, 12, 11q, and 17p (Vysis CLL FISH Probe Kit; Abbott
Molecular). For /GHV mutation, standard Sanger sequencing was used; assay sensitivity
was 10% and the cutoff was 2%. 7P53 mutations were analysed by use of the Sanger
sequencing methods.20-21 If locally assessed FISH results supporting the status of del(17)
(p13-1) before randomisation were available, these could be used only for stratification
purposes. Complex karyotype was defined as 3 or more cytogenetic abnormalities based on
karyotyping by the central laboratory. Bulky disease was defined as any mass 5 cm or larger.
Minimal residual disease was assessed by multicolour flow cytometry in patients with
investigator-assessed complete response or complete response with incomplete bone marrow
recovery. The European Research Initiative in chronic lymphocytic leukaemia method that
was previously described was used for minimal residual disease assessment.22 Peripheral
blood or bone marrow samples were collected in sodium heparin tubes and shipped at
ambient temperature to the central laboratory for analysis of minimal residual disease with a
cutoff of <10 (0-01%) for undetectable minimal residual disease.
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The primary endpoint was IRC-assessed progression-free survival, defined as the time from
randomisation until disease progression by use of iwCLL 2008 criteria, or death; isolated
treatment-related lymphocytosis in the absence of other evidence of disease progression was
not considered to indicate progressive disease (appendix p 13).17:23 Patients who did not
meet these criteria and were alive by the analysis data cutoff date were censored (detailed
censoring rules are specified in the statistical analysis plan). Comparison of progression-free
survival between acalabrutinib-obinutuzumab and obinutuzumab-chlorambucil was the
primary endpoint, and comparison of IRC-assessed progression-free survival between
acalabrutinib monotherapy and obinutuzumab-chlorambucil was a secondary endpoint.
Additional secondary endpoints included investigator-assessed progression-free survival,
IRC and investigator-assessed overall response (the proportion of patients with complete
response, complete response with incomplete bone marrow recovery, nodular partial
response, or partial response), time to next treatment (defined as time from random
assignment to institution of non—protocol-specified treatment for chronic lymphocytic
leukaemia, first dose of acalabrutinib monotherapy for patients in the obinutuzumab-
chlorambucil group who crossed over, or death), and overall survival (defined as time from
random assignment until death due to any cause). Safety was assessed by reported and
observed AEs, laboratory measurements, and clinical evaluation across the treatment-
emergent period, which was defined as the date of the first dose until 30 days after the date
of the last dose of study drug or the date a patient started a new anticancer therapy for
chronic lymphocytic leukaemia, whichever was earliest. AEs were graded by the National
Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
Exploratory outcomes included investigator-assessed progression-free survival and overall
response, IRC and investigator-assessed overall response and partial response with
lymphocytosis, proportion of patients with undetectable minimal residual disease,
improvement in disease-related symptoms, patient-reported outcomes (data not shown),
sustained haematological improvement, and medical resource use (data not shown). A post-
hoc analysis compared progression-free survival of acalabrutinib-obinutuzumab and
acalabrutinib monotherapy.

Statistical analysis

Sample size was calculated assuming a hazard ratio (HR) between the acalabrutinib-
obinutuzumab and obinutuzumab-chlorambucil groups of 0-60 for IRC-assessed
progression-free survival events. Under the assumption that progression-free survival events
would follow exponential distribution, and based on a 2-sided log-rank test (a=0:05), 167
events at final analysis would provide approximately 90% power. One interim analysis was
planned when approximately 111 IRC-assessed progression-free survival events had
occurred (ie, 67% of the planned events for the final analysis) or when 24 months had
elapsed since the last patient was randomly assigned (timed analysis). Based on the timed
analysis, the trial met its primary endpoint at the data cutoff (Feb 8, 2019) for the interim
analysis, and the independent data monitoring committee recommended the trial be analysed
for superior efficacy. Time-to-event endpoints were estimated by use of the Kaplan—Meier
method. HRs were calculated by use of Cox proportional modelling, stratified by
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randomisation stratification factors, and compared by use of a log-rank test. Additional
details are provided in the appendix (p 15).

Exploratory prespecified subgroup analyses of efficacy outcomes by baseline and disease
characteristics were also done for the primary (acalabrutinib-obinutuzumab vs
obinutuzumab-chlorambucil) and secondary (acalabrutinib monotherapy vs obinutuzumab-
chlorambucil) comparisons. Comparisons between acalabrutinib-obinutuzumab and
acalabrutinib monotherapy were post-hoc analyses. Efficacy was analysed in the intention-
to-treat population according to the randomly assigned treatment group. Safety was analysed
in all patients who received at least one dose of any study medication. This study is
registered with ClinicalTrials.gov, NCT02475681.

Role of the funding source

Results

Acerta Pharma, a member of the AstraZeneca Group, sponsored the study and was involved
in the study design and data analyses with the lead investigators. Trial investigator teams
collected the data. All authors had full access to the data and analyses and had final
responsibility for the decision to submit for publication.

From Sept 14, 2015, to Feb 8, 2017, 675 patients were assessed for eligibility. 140 patients
did not meet the eligibility criteria, and 535 eligible patients were randomly assigned to
receive acalabrutinib-obinutuzumab (179), acalabrutinib monotherapy (179), or
obinutuzumab-chlorambucil (177; figure 1). Baseline demographic and disease
characteristics were similar between groups (table 1; appendix p 22). Median age was 70
years (IQR 66-75), and 448 (84%) of 535 patients were aged 65 years or older. Chronic
lymphocytic leukaemia international prognostic index score was high risk in 368 (69%) of
535 patients, and very high risk in 66 (12%) of 535 patients.24 Del(17)(p13-1) was present in
49 (9%) patients, del(11)(g22-3) was present in 95 (18%) patients, 7P53 mutation was
present in 61 (11%) patients, unmutated /GHV was present in 338 (63%) patients, and 92
(17%) patients had complex karyotype.

At data cutoff for the interim analysis on Feb 8, 2019 (based on a timed analysis after 24
months, as the required number of events was not met [107 of 111]), treatment was ongoing
in 142 (79%) of 179 patients in each of the acalabrutinib-containing groups, with a median
relative dose intensity of over 98% (figure 1 and appendix p 23). 137 (77%) of 177 patients
completed six cycles of obinutuzumab-chlorambucil, and 163 (91%) patients completed six
cycles of obinutuzumab in the acalabrutinib-obinutuzumab group. 55 (31%) of 177 patients
assigned to obinutuzumab-chlorambucil required additional therapy, with 45 (82%) of 55
patients crossing over to receive acalabrutinib monotherapy.

After a median follow-up of 28-3 months (IQR 25.6-33-1), median progression-free survival
was significantly longer with acalabrutinib-obinutuzumab (not reached, 95% CI not
evaluable—not evaluable) than with obinutuzumab-chlorambucil (22-:6 months, 20-2-27-6),
with a 90% reduction in relative risk of progression or death with acalabrutinib-
obinutuzumab (HR 0-10, 0:06-0-17; p<0-0001, figure 2A). Median progression-free survival
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was significantly longer with acalabrutinib monotherapy (not reached, range 34-2—not
evaluable) versus obinutuzumab-chlorambucil (22-6, 95% CI 20-2-27-6) HR 0-20, 95% ClI
0-13-0-30; p<0-0001). Investigator-assessed progression-free survival is shown in appendix
(p 16). Estimated progression-free survival at 24 months was 93% with acalabrutinib-
obinutuzumab (95% CI 87-96%) and 87% with acalabrutinib monotherapy (81-92%) versus
47% with obinutuzumab-chlorambucil (39-55%). The HR for progression-free survival
between acalabrutinib-obinutuzumab and acalabrutinib monotherapy was 0-49 (95% ClI
0-26-0-95, post-hoc analysis). Among the patients with disease progression or death, the
median time to event was 12-7 months (IQR 8:3-20-2) for 14 patients receiving
acalabrutinib-obinutuzumab, 13-9 months (5-7-23-4) for 26 patients receiving acalabrutinib
monotherapy and 16-4 months (11-8-21-0) for 93 patients receiving obinutuzumab-
chlorambucil.

In prespecified subgroup analyses, there was a consistent benefit in favour of acalabrutinib-
obinutuzumab or acalabrutinib monotherapy over obinutuzumab-chlorambucil (figure 3).
Estimated median 24-month progression-free survival was longer in patients treated with
acalabrutinib-obinutuzumab than in patients treated with obinutuzumab-chlorambucil in
patients with unmutated /GHV (acalabrutinib-obinutuzumab 91%, 95% CI 83-95%; 103
patients vs obinutuzumab-chlorambucil 31%, 22—-40%; 116 patients), in patients with
mutated /GHV (acalabrutinib-obinutuzumab 96%, 87-99%; 74 patients vs obinutuzumab-
chlorambucil 76%, 61-86%; 59 patients), in patients with del(17)(p13-1) (acalabrutinib-
obinutuzumab 88%, 61-97%; 17 patients vs obinutuzumab-chlorambucil 22%, 5-45%; 16
patients), in patients with del(11)(g22-3) (acalabrutinib-obinutuzumab 87%, 68-95%; 31
patients vs obinutuzumab-chlorambucil 24%, 11-41%; 33 patients), in patients with bulky
disease (acalabrutinib-obinutuzumab 90%, 76-96%; 46 patients vs obinutuzumab-
chlorambucil 28%, 16-42%; 55 patients), and in patients with mutated 7P53 (acalabrutinib-
obinutuzumab 95%, 70-99%; 21 patients vs obinutuzumab-chlorambucil 19%, 5-41%; 21
patients, figure 3 and figure 4).

The best overall response rate was significantly better with acalabrutinib-obinutuzumab
(94%, 95% CI 89-97%) versus obinutuzumab-chlorambucil (79%, 72-84%; p<0-0001,
figure 2B). Overall response was 86% for acalabrutinib monotherapy (95% CI 80-90%,
p=0-08 vs obinutuzumab-chlorambucil). More patients had IRC-assessed complete response
(including complete response with incomplete bone marrow recovery) with acalabrutinib-
obinutuzumab (24 [13%] of 179 patients) than with obinutuzumab-chlorambucil (8 [5%] of
177 patients). One (1%) of 179 patients had complete response with acalabrutinib
monotherapy. Results of investigator-assessed overall response were similar to IRC-assessed
overall responses (appendix p 16). In patients who had investigator-assessed complete
response or complete response with incomplete bone marrow recovery, rates of undetectable
minimal residual disease were similar between the acalabrutinib-obinutuzumab and
obinutuzumab-chlorambucil groups in peripheral blood (21 [49%] of 43 patients in the
acalabrutinib-obinutuzumab group vs 14 [61%] of 23 patients in the obinutuzumab-
chlorambucil group) or bone marrow (11 [26%] of 43 patients in the acalabrutinib-
obinutuzumab group vs5 [22%] of 23 patients in the obinutuzumab-chlorambucil group),
and only one (7%) of 14 patients in the acalabrutinib monotherapy group had undetectable
minimal residual disease in peripheral blood by flow cytometry (appendix pp 17, 24).
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Although minimal residual disease samples were collected only for patients with complete
response or complete response with incomplete bone marrow recovery, 24 (13%) of 179
patients in the acalabrutinib-obinutuzumab group versus 14 (8%) of 177 patients in the
obinutuzumab-chlorambucil group had undetectable minimal residual disease and a
complete response with or without incomplete bone marrow recovery. Improvements in
haematologic parameters from baseline (haemoglobin, absolute neutrophil count, and
platelet count) were greater in the acalabrutinib-containing groups than in the
obinutuzumab-chlorambucil group (appendix p 18).

The median overall survival was not reached in any group (acalabrutinib-obinutuzumab vs
obinutuzumab-chlorambucil HR 0-:47, 95% CI 0-21-1.06; p=0-06, acalabrutinib
monotherapy vs obinutuzumab-chlorambucil 0-60; 0-28-1-27, p=0-16; figure 2C); estimated
overall survival at 24 months was 95% with acalabrutinib-obinutuzumab (95% CI 91-97%),
95% with acalabrutinib monotherapy (90-97%), and 92% with obinutuzumab-chlorambucil
(86-95%).

Five (3%) of 179 patients in the acalabrutinib-obinutuzumab group, 11 (6%) of 179 patients
in the acalabrutinib monotherapy group, and 55 (31%) of 177 patients in the obinutuzumab-
chlorambucil group had initiated subsequent chronic lymphocytic leukaemia therapy at time
of analysis (appendix p 25). Median time to next treatment was not reached in any group
(appendix p 19); the risk of needing a subsequent therapy was reduced with acalabrutinib-
obinutuzumab (HR 0:14, 95% CI 0-08-0-26; p<0-0001) and acalabrutinib monotherapy
(0-24, 0-15-0-40; p<0-0001) compared with obinutuzumab-chlorambucil. Progression with
Richter’s transformation occurred in one (1%) of 179 patients in the acalabrutinib-
obinutuzumab group, five (3%) of 179 patients in the acalabrutinib mono therapy group, and
one (1%) of 177 patients in the obinutuzumab-chlorambucil group, which occurred after 7-9
months of treatment with acalabrutinib monotherapy after cross over. Median time to onset
of Richter’s transformation was 4.7 months (IQR 1-3-11.7) across groups.

The median duration of exposure was 27-7 months in the acalabrutinib-obinutuzumab group
(IQR 25.0-32:8), 27-7 months in the acalabrutinib monotherapy group (24-8-33.0), and 5-6
months in the obinutuzumab-chlorambucil group (5:5-5-9; appendix p 23). The most
common any-grade and grade 3 or higher AEs are summarised in table 2 (also see appendix
p 26 for AEs during the first 6 months of treatment). The most common grade 3 or higher
AE across groups was neutropenia (acalabrutinib-obinutuzumab 53 [30%] of 178 patients,
acalabrutinib monotherapy 17 [10%] of 179 patients, and obinutuzumab-chlorambucil 70
[41%] of 169 patients). Grade 4-5 neutropenia occurred in 36 (20%) patients receiving
acalabrutinib-obinutuzumab (12 patients required granulocyte-colony stimulating factor [G-
CSF], one patient required repeated G-CSF), 10 (6%) patients receiving acalabrutinib
monotherapy (three patients required G-CSF, one patient required repeated G-CSF), and 26
(15%) patients receiving chlorambucil-obinutuzumab (seven patients required G-CSF, one
patient required repeated G-CSF). Grade 3 or higher infusion-related reactions and tumour
lysis syndrome were more frequent in the obinutuzumab-chlorambucil group (nine [5%)]
higher infusion-related reactions and 13 [8%] tumour lysis syndromes) than in the
acalabrutinib-obinutuzumab group (four [2%] higher infusion-related reactions and two
[1%] tumour lysis syndromes). Serious AEs were reported in 69 (39%) of 178 patients in the
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acalabrutinib-obinutuzumab group, 57 (32%) of 179 patients in the acalabrutinib
monotherapy group, and 37 (22%) of 169 patients in the obinutuzumab-chlorambucil group
(appendix p 27). Despite the longer treatment duration in the acalabrutinib-containing
groups, the frequency of discontinuations due to AEs was not higher (20 [11%] in the
acalabrutinib-obinutuzumab group, 16 [9%] in the acalabrutinib monotherapy group, and 25
[14%] in the obinutuzumab-chlorambucil group; figure 1, appendix p 28).

Predefined events of clinical interest for acalabrutinib are summarised in appendix (p 30).
Atrial fibrillation was observed in six (3%) of 178 patients receiving acalabrutinib-
obinutuzumab, seven (4%) of 179 patients receiving acalabrutinib monotherapy, and one
(1%) of 169 patients receiving obinutuzumab-chlorambucil (appendix p 31). No ventricular
tachyarrhythmias were reported. Grade 3 or higher hypertension occurred in five (3%)
patients in the acalabrutinib-obinutuzumab group, four (2%) patients in the acalabrutinib
monotherapy group, and five (3%) patients in the obinutuzumab-chlorambucil group.
Bleeding events occurred at any grade in 76 (43%, 73 [41%] grade 1-2) patients in the
acalabrutinib-obinutuzumab group, 70 (39%, 67 [37%] grade 1-2) patients in the
acalabrutinib monotherapy group, and 20 (12%, all grade 1-2) patients in the obinutuzumab-
chlorambucil group. The most common bleeding events were contusion (42 [24%] patients
in the acalabrutinib-obinutuzumab group, 27 [15%] patients in the acalabrutinib
monotherapy group, and 7 [4%] patients in the obinutuzumab-chlorambucil group) and
petechiae (14 [8%] patients in the acalabrutinib-obinutuzumab group, 16 [9%] patients in the
acalabrutinib monotherapy group, no patients in the obinutuzumab-chlorambucil group).
The incidence of grade 3 or higher bleeding events was the same with acalabrutinib-
obinutuzumab and acalabrutinib monotherapy (three patients [2%]) compared with no events
in the obinutuzumab-chlorambucil group (appendix p 33). Four of the six patients with grade
3 or higher bleeding events were also given antithrombotic agents (two patients received
aspirin, one patient received clopidogrel, two patients enoxaparin, and one patient received
heparin). Two patients had subdural bleeding events: one patient had two events (grade 1 and
grade 2) in the acalabrutinib-obinutuzumab group, and one patient had a grade 1 event in the
obinutuzumab-chlorambucil group. Grade 3 or higher infection occurred in 37 (21%)
patients given acalabrutinib-obinutuzumab, 25 (14%) patients given acalabrutinib
monotherapy, and 14 (8%) patients given obinutuzumab-chlorambucil (appendix p 34). One
patient in the acalabrutinib monotherapy group died from an aspergillosis infection. Second
primary malignancies were observed in 19 (11%) patients in the acalabrutinib-obinutuzumab
group, 16 (9%) patients in the acalabrutinib monotherapy group, and 13 (8%) patients in the
chlorambucil-obinutuzumab group (appendix pp 20, 21). Across all groups, 22 (55%) of the
40 second primary malignancies were nonmelanoma skin cancers.

Death from any cause was recorded in eight (5%) patients in the acalabrutinib-obinutuzumab
group, 12 (7%) patients in the acalabrutinib monotherapy group, and 15 (9%) patients in the
obinutuzumab-chlorambucil group (appendix p 36). These included four deaths from
chronic lymphocytic leukaemia disease progression (two in the acalabrutinib-obiutuzumab
group, one in the acalabrutinib monotherapy group, one in the obinutuzumab-chlorambucil
group), two deaths due to Richter’s transformation (one in the acalabrutinib monotherapy
group, one in the obinutuzumab-chlorambucil group), and 21 deaths due to AEs (four in the
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acalabrutinib-obinutuzumab group, six in the acalabrutinib monotherapy group, and 11 in
the obinutuzumab-chlorambucil group; appendix p 36).

Discussion

Acalabrutinib is a selective, covalent BTK inhibitor developed as a potential alternative to
other standard therapies in chronic lymphocytic leukaemia. To our knowledge, ELEVATE-
TN is the first randomised, phase 3 study examining the efficacy and safety of acalabrutinib
in the first-line treatment setting in chronic lymphocytic leukaemia. In ELEVATE-TN,
acalabrutinib plus obinutuzumab or acalabrutinib monotherapy were associated with
improved efficacy over obinutuzumab-chlorambucil. After a median follow-up of 28-3
months, the primary endpoint was met at the interim analysis, with significantly longer IRC-
assessed progression-free survival with acalabrutinib-obinutuzumab versus obinutuzumab-
chlorambucil in patients with treatment-naive chronic lymphocytic leukaemia.

Although a secondary endpoint, acalabrutinib monotherapy was also associated with
statistically improved progression-free survival over obinutuzumab-chlorambucil. Several
randomised studies have evaluated ibrutinib alone or with a CD20 antibody in treatment-
naive chronic lymphocytic leukaemia, showing progression-free survival improvements
compared with chemoimmunotherapy;5-2 however, real-world evidence suggests that
discontinuation due to AEs is more common in clinical practice compared with randomised
studies.2526 Although our study stands as an independent validation of acalabrutinib benefit
as initial chronic lymphocytic leukaemia therapy, the results are similar to those from
iLLUMINATE, in which median progression-free survival for ibrutinib-obinutuzumab was
not reached after a median follow-up of 31-3 months and the 30-month progression-free
survival was 79%, while we report an estimated 24-month progression-free survival of 93%
with acalabrutinib-obinutuzumab and 87% with acalabrutinib monotherapy in a similar
patient population.® Median progression-free survival with obinutuzumab-chlorambucil
(22-6 months) was similar to that in iLLUMINATE (19-0 months),8 again suggesting similar
patient populations.Like the iLLUMINATE and Alliance trials, most patients in ELEVATE-
TN were older (median age 70 years) but physically fit (median CIRS-G score 6, median
creatinine clearance 75 mL/min, 94% ECOG PS score 0-1).%8 In contrast, median
progression-free survival was shorter than that observed in the CLL11 study (26-7 months),
which might have been because of the inclusion of a greater proportion of patients with
high-risk features in this study, or a difference in the frequency of CT scans that often
identifies early, asymptomatic progressive disease.®> Longer remission might be expected in
real-world practice, in which CT surveillance is not recommended by the iwCLL 2018
response criteria, published after this study was fully enrolled.’

Efficacy improvements were consistently observed across prespecified patient subgroups
with acalabrutinib-obinutuzumab and acalabrutinib monotherapy versus obinutuzumab-
chlorambucil, including age and high-risk genomic features such as del(17)(p13-1),
unmutated /GHV;, and complex karyotype, in which outcomes are often worse with
chemoimmunotherapy.2” This study substantiates and extends results from previous trials
showing that BTK inhibitors are efficacious in patients with both high-risk and low-risk
disease characteristics and are associated with better outcomes than with
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chemoimmunotherapy.8:28 After a median 28 months of follow-up, only 3% of patients in
the acalabrutinib-obinutuzumab group and 6% of patients in the acalabrutinib monotherapy
group had initiated subsequent chronic lymphocytic leukaemia treatment. Furthermore,
fewer patient deaths had occurred at the time of analysis in the acalabrutinib groups than in
the chemoimmunotherapy group. However, these data are immature, and longer follow-up of
survival with continuous therapy is required.

Although a post-hoc analysis for which the study was not statistically powered to examine,
the three-arm design is an advantage because it provides important insights regarding the
therapeutic value of adding a third-generation CD20 antibody to a BTK inhibitor. The
addition of obinutuzumab to acalabrutinib could improve rates and depths of responses.
Although our study was not powered to detect a difference in progression-free survival
between the two acalabrutinib groups, we observed better progression-free survival with
obinutuzumab addition. Because this was a post-hoc analysis, we are unable to state whether
the difference was statistically significant. Future trials should address the difference in
progression-free survival between acalabrutinib groups in a definitive manner, and explore
whether a fixed-duration regimen of acalabrutinib-obinutuzumab could lead to significant
response. Cytopenia, infusion-related reactions, and grade 3 or higher infections were more
common with acalabrutinib-obinutuzumab compared with acalabrutinib monotherapy.
Therefore, the addition of obinutuzumab to BTK therapy has risks and benefits that might
depend on the patient’s individual circumstances and guideline recommendations. Our data
support either acalabrutinib plus obinutuzumab or acalabrutinib monotherapy as an
acceptable therapy for chronic lymphocytic leukaemia that is superior to chlorambucil-
obinutuzumab. The benefit of adding obinutuzumab to acalabrutinib differ from results of
two randomised trials®10 that showed no progression-free survival, overall response, or
complete response benefit of adding the less efficacious CD20 antibody, rituximab, to
ibrutinib. Therefore, we cannot presume that all BTK inhibitor and anti-CD20 combinations
will provide similar benefits.

Chemoimmunotherapy remains a frequently used first-line treatment option for patients with
chronic lymphocytic leukaemia.l:3 Despite the associated toxic effects,
chemoimmunotherapy offers the advantages of a fixed treatment duration compared with
agents used for continuous treatment. Because BTK inhibitors are administered until disease
progression, tolerability and long-term safety are crucial, especially in chronic lymphocytic
leukaemia, which tends to affect an older population with comorbidities. Safety findings
were consistent with those previously reported for each regimen, with no new safety signals
identified.515:16 799 of patients given acalabrutinib in our study remain on treatment after a
median of 28 months follow-up. All-cause mortality favoured acalabrutinib-obinutuzumab
over obinutuzumab-chlorambucil, but SAEs, including grade 3 and higher infection, were
more common with acalabrutinib-obinutuzumab than with obinutuzumab-chlorambucil.
Frequency of progression with Richter’s transformation was consistent with the available
literature on patients with treatment-naive chronic lymphocytic leukaemia2®-30 (<1% of
patients in the acalabrutinib-obinutuzumab group, 3% of patients in the acalabrutinib
monotherapy group, and <1% of patients in the obinutuzumab-chlorambucil group [7-9
months after crossover to acalabrutinib monotherapy]). Most AEs were observed during the
first 6 months of treatment and the rate of discontinuation due to AEs was similar with
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acalabrutinib-obinutuzumab and acalabrutinib monotherapy, as were the rates of cardiac,
bleeding, and infection events.

Although this was a large, randomised controlled trial with IRC assessment, it had some
limitations. Patients and investigators were not masked to study treatments, and a 6-month
fixed duration regimen is compared with continuous therapy. This study did not include
ibrutinib, which would have facilitated a direct comparison with acalabrutinib and will be
addressed in an ongoing direct comparison of acalabrutinib to ibrutinib in relapsed patients
with chronic lymphocytic leukaemia at high risk (NCT02477696). In addition, future real-
world studies are needed to assess whether the predicted better tolerability of acalabrutinib
versus ibrutinib will translate into an observed difference in clinical practice. Given the short
follow-up period and the paucity of events in this study, extended follow-up will be needed
to detect any differences in overall survival; however, the ability of patients to cross over and
receive acalabrutinib could preclude detection. It should be noted that, at the time of study
design, ibrutinib was approved by FDA and EMA but was not globally approved or
reimbursed for first-line therapy of patients with chronic lymphocytic leukaemia and del(17)
(p13:1) or 7P53 mutations. Although obinutuzumab-chlorambucil might now be used less
frequently in treatment-naive chronic lymphocytic leukaemia, it was an approved regimen at
the time of the ELEVVATE-TN study design, and was also used as the control in the
iLLUMINATE, CLL14, and Unity-CLL studies, which enrolled patients concurrently with
our trial.

In summary, in patients with treatment-naive chronic lymphocytic leukaemia, acalabrutinib
with or without obinutuzumab improved progression-free survival over
chemoimmunotherapy, and had a manageable safety profile, with 79% of patients remaining
on therapy after a median follow-up of 28-:3 months. The phase 3 ELEVATE-TN study
substantiates that acalabrutinib with or without obinutuzumab is an efficacious and well
tolerated treatment for patients with treatment-naive chronic lymphocytic leukaemia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched the PubMed database (using the terms “treatment-naive” OR “treatment
naive” OR “untreated” AND “Bruton” OR “Bruton’s” OR “ibrutinib” OR “acalabrutinib”
OR “zanubrutinib” AND “chronic lymphocytic leukemia” OR “chronic lymphocytic
leukaemia”) to find research published between Jan 1, 2000, and Oct 3, 2019. No
published randomised studies have analysed the efficacy of the Bruton tyrosine-kinase
(BTK) inhibitor acalabrutinib either as monotherapy or in combination with an anti-
CD20 monoclonal antibody in patients with untreated chronic lymphocytic leukaemia, or
compared acalabrutinib (with or without an anti-CD20 antibody) with
chemoimmunotherapy. Previous randomised, controlled studies have shown the superior
efficacy of the BTK inhibitor ibrutinib with or without an anti-CD20 monoclonal
antibody compared with chemoimmunotherapy in chronic lymphocytic leukaemia. These
studies reported that adding rituximab to ibrutinib treatment did not increase the
likelihood for progression-free survival versus ibrutinib monotherapy in patients with
chronic lymphocytic leukaemia. Obinutuzumab, which is a more potent and efficacious
anti-CD20 monoclonal antibody compared with rituximab, used in combination with
ibrutinib, has been shown to provide greater efficacy than chemoimmunotherapy.

Added value of this study

The results of this study provide new evidence for therapy in patients with treatment-
naive chronic lymphocytic leukaemia by showing the efficacy of acalabrutinib used with
or without obinutuzumab compared with chemoimmunotherapy. Acalabrutinib with or
without obinutuzumab was associated with improved efficacy over obinutuzumab-
chlorambucil with a manageable safety profile. After a median follow-up of 28:3 months,
the primary endpoint was met at the interim analysis, showing significantly longer
progression-free survival with acalabrutinib-obinutuzumab versus obinutuzumab-
chlorambucil. Similarly, acalabrutinib monotherapy was associated with statistically
improved progression-free survival versus obinutuzumab-chlorambucil therapy.
Improvements in progression-free survival were consistently observed across prespecified
patient subgroups, including age and high-risk genomic features such as del(17)(p13.1),
unmutated immunoglobulin heavy-chain variable-region (/GHV), and complex
karyotype. A post hoc analysis showed the benefit of adding obinutuzumab therapy to
acalabrutinib in treatment-naive patients who have chronic lymphocytic leukaemia,
which had not been previously reported in a randomised trial. Indeed, this is the first
study to provide insight into the value of a third-generation anti-CD20 antibody plus a
BTK inhibitor over a BTK inhibitor alone in chronic lymphocytic leukaemia.

Implications of all the available evidence

These results show the clinical potential of acalabrutinib as first-line therapy, either in
combination with obinutuzumab or as monotherapy, to improve clinical outcomes in
patients with chronic lymphocytic leukaemia.
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Figure 1: Trial profile

The safety population included all randomly assigned patients who received at least one
dose of study medication with patients grouped according to the actual treatment received.
In the safety population, 178 patients received acalabrutinib-obuinutuzumab, 179 patients
received acalabrutinib monotherapy, and 169 patients received obinutuzumab-chlorambucil.
12 patients did not meet eligibility criteria of being younger than 65 years and having a
Cumulative llIness Rating Scale for Geriatrics score over 6 or creatine clearance of 30-69
mL/min. *The patient was randomly assigned but subsequently found to have mantle cell
lymphoma. TDue to anaemia and pneumonia. tRisk of bleeding while taking aspirin and
clopidogrel because of a non-ST myocardial infarction requiring a stent. §Due to grade 4
thrombocytopenia, followed by identification of an intestinal mass and subsequent intestinal

perforation.
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Figure 2: Progression-free survival, response rate, and overall survival per independent review
committee assessment

(A) Kaplan—Meier estimates of progression-free survival (primary endpoint). (B) Best
response. (C) Kaplan—Meier estimates of overall survival. All assessments were done by
independent review committee and all analyses were done in the intention-to-treat
population. NE=not evaluable. NR=not reached. *Six (3%) patients had unknown response,
and one (1%) patient had a response of non-progressive disease, defined as not having
adequate CT or MRI data and not meeting criteria for progressive disease by physical
examination. TTwo (1%) patients had partial response with lymphocytosis, three (2%)
patients had progressive disease, 12 (7%) patients had unknown response, and one patient’s
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response was not evaluable. $Two (1%) patients had non-progressive disease, 12 (7%)
patients had an unknown response, one (1%) patient had no evaluable disease, and eight
(5%) patients’ responses were not evaluable.
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Figure 3: Prespecified subgroup analyses of progression-free survival for acalabrutinib and
obinutuzumab versus obinutuzumab-chlorambucil and acalabrutinib monotherapy versus
obinutuzumab-chlorambucil

IGHV=immunoglobulin heavy-chain variable gene. NE=not evaluable. 7P53=cellular
tumour antigen p53 gene. ECOG PS=Eastern Cooperative Oncology Group performance
status. Forest plot showing progression-free survival as assessed by an independent review
committee analysed by prespecified subgroups according to baseline demographic and
clinical characteristics. The 95% CI was based on exact binomial distribution. For bulky
disease, the prespecified subgroup of 5 ¢cm or larger is presented. For 10 cm or larger (the
iwCLL definition) the hazard ratio for acalabrutinib-obinutuzumab versus obinutuzumab-
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chlorambucil was 0-11 (95% CI 0-06-0-19) for smaller than 10 cm and NE for 10 cm or
larger, and for acalabrutinib monotherapy versus obinutuzumab-chlorambucil was 0-18
(0-11-0-30) for smaller than 10 cm and 0-22 (0-07-0-21) for 10 cm or larger.
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Figure 4: Kaplan—-Meier curves of independent review committee—assessed progression-free
survival for patients with high-risk genomic features and high-risk features

(A) Del(17)(p13-1). (B) Del(11)(g22-3). (C) Cellular tumour antigen p53 gene mutation. (D)
Unmutated immunoglobulin heavy-chain variable gene. (E) Bulky disease.
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Table 1:

Characteristics of the patients at baseline, intention-to-treat population

Page 25

Acalabrutinib- Acalabrutinib Obinutuzumab-chlorambucil
obinutuzumab (n=179) monotherapy (n=179) (n=177)

Age (years)

Median (IQR) 70-0 (65-0—75-0) 70-0 (66-0—75-0) 71.0 (67-0-76:0)
>75 53 (29-6%) 50 (27-9%) 52 (29-4%)
265 144 (80-4%) 151 (84-4%) 153 (86-4%)
<65% 35 (19-6%) 28 (15-6%) 24 (13-6%)

Creatinine clearance 30-69 mL/ 2 (1-1%) 4 (2:2%) 7 (4-0%)
min’

CIRS-G >67 30 (16:8%) 21 (11.7%) 15 (8:5%)

Any of the above’ 31(17-3%) 24 (13-4%) 20 (11-3%)

Sex
Female 68 (38-0%) 68 (38-0%) 71 (40-1%)
Male 111 (62:0%) 111 (62:0%) 106 (59-9%)

ECOG PS
0-1 169 (94-4%) 165 (92:2%) 167 (94-4%)
2 10 (5:6%) 14 (7-8%) 10 (5-6%)

CLL-IPI score
0-1 (low risk) 9 (5-0%) 4(2:2%) 5 (2-8%)
2-3 (intermediate risk) 27 (15-1%) 18 (10-1%) 25 (14-1%)
4-6 (high risk) 115 (64-2%) 134 (74-9%) 119 (67-2%)
7-10 (very high risk) 23 (12:8%) 20 (11-2%) 23 (13.0%)

Rai stage

0 3 (1.7%) 0 1 (0-6%)
1 54 (30-2%) 48 (26-8%) 50 (28-2%)
1l 36 (20-1%) 44 (24-6%) 48 (27-1%)
m 48 (26-8%) 50 (27-9%) 40 (22-6%)
v 38 (21-2%) 37 (20-7%) 38 (21.5)

High-risk features
Chromosome 17p13-1 deletion 17 (9-5%) 16 (8:9%) 16 (9-0%)
Chromosome 11g22-3 deletion 31 (17-3%) 31 (17-3%) 33 (18:6%)
Unmutated /GHV 103 (57:5%) 119 (66-5%) 116 (65:5%)
Mutated 7P53 21 (11.7%) 19 (10-6%) 21 (11-9%)
Complex karyotype 29 (16-2%) 31 (17-3%) 32 (18:1%)

Including chromosome 17p13-1 8 (4-5%) 8 (4-5%) 7 (4-0%)
deletion
Without chromosome 17p13-1 21 (11-7%) 23 (12-8%) 25 (14-1%)
deletion
Chromosome 17p13:1 deletion and/or 25 (14-0%) 23 (12:8%) 25 (14-1%)
mutated 7P53
Chromosome 17p13-1 deletion and 13 (7-3%) 12 (6-7%) 12 (6-8%)

mutated 7P53
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Acalabrutinib-
obinutuzumab (n=179)

Acalabrutinib
monotherapy (n=179)

Obinutuzumab-chlorambucil
(n=177)

Any cytopenia at baseline
Haemoglobin <110 g/dL
Platelet count <100 000/uL

Absolute neutrophil count <1500 pL

CIRS-G score?
n, median (IQR)

Creatinine clearance (mL/min)
Median (IQR)

<60 mL/min

Time from initial diagnosis (months)

Median (IQR)

93 (52:0%)

67 (37-4%)

44 (24-6%)
9 (5:0%)

117, 6:0 (3-0-8.0)

765 (59-0-92:5)
45 (25:1%)

305 (9-4-70.7)

85 (47-5%)
68 (38-0%)
33 (18-4%)
10 (56%)

115, 6:0 (3-0-8.0)

75.0 (58:0-98.0)
48 (26:8%)

24.4 (7.0-70-3)

77 (43-5%)

69 (39-0%)

34 (19:2%)
5 (2:8%)

118, 5:5 (4-0-80)

700 (55:0-90-0)
56 (31-6%)

307 (9-4-64-2)

Data are n (%) unless otherwise specified. CIRS-G=Cumulative lliness Rating Scale for Geriatrics. CLL-IPI=chronic lymphocytic leukaemia
international prognostic index. ECOG PS=Eastern Cooperative Oncology Group performance status. /GHV=immunoglobulin heavy-chain variable

gene. 7P53=cellular tumour antigen p53 gene.

*
Twelve patients did not meet eligibility criteria of being younger than 65 years and having a CIRS-G score higher than 6 or creatinine clearance of

30-69 mL/min.

fPercentages are for the total population in the treatment group.

ICIRS-G reporting was not required for all patients.
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