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ORIGINAL ARTICLE

Matching-adjusted indirect comparisons of safety and efficacy of
acalabrutinib versus other targeted therapies in patients with
treatment-naïve chronic lymphocytic leukemia

Matthew S. Davidsa�, Claire Telfordb� , Sarang Abhyankarb, Catherine Wawerub and Ingo Ringshausenc

aDepartment of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA, USA; bAstraZeneca, Gaithersburg, MD, USA;
cDepartment of Haematology, University of Cambridge, Cambridge, UK

ABSTRACT
Acalabrutinib is a highly selective, potent, next-generation, covalent Bruton tyrosine kinase
inhibitor with minimal off-target activity. Matching-adjusted indirect comparisons (MAICs) were
performed to estimate the safety and efficacy of acalabrutinib compared to other targeted
therapies for treatment-naïve patients with chronic lymphocytic leukemia (CLL). Individual
patient data for acalabrutinib (ELEVATE-TN trial) were matched to aggregate baseline character-
istics for comparators. After matching, acalabrutinib (with or without obinutuzumab) showed
improved safety outcomes, except for increased risk of neutropenia (p< 0.001) for acalabrutinib
plus obinutuzumab versus ibrutinib and increased risk of leukopenia (p< 0.05) for acalabrutinib
(with or without obinutuzumab) versus venetoclax plus obinutuzumab. There was no statistically
significant difference in progression-free survival between acalabrutinib (with or without
obinutuzumab) and any of the comparators. This MAIC demonstrated a favorable safety profile
for acalabrutinib-based therapy compared with other targeted therapies in treatment-naïve
patients with CLL, without compromising efficacy.
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Introduction

Chronic lymphocytic leukemia (CLL) is the most com-
mon form of leukemia in Western countries, with an
annual incidence of 4.2 cases per 100,000 population
[1]. The majority of patients with CLL have early-stage
asymptomatic disease at diagnosis [2]. Active disease
includes manifestation of significant B symptoms, cyto-
penias, bulky lymphadenopathy, splenomegaly, or
hepatomegaly [3,4]. Treatment of CLL is generally initi-
ated for patients with active disease who meet estab-
lished criteria for treatment [5]. The median age at
diagnosis is 72 years [6], presenting a challenge for
clinicians because the frailty of many patients pre-
cludes them from intensive chemoimmunotherapy.
Treatment decisions are based on patient fitness,
including the presence of comorbidities, as well as
molecular and cytogenetic determinants, such as
del(13q), del(17p), and mutated TP53 or immuno-
globulin heavy-chain variable (IGHV).

Over the past two decades, treatment for CLL has
shifted from cytotoxic chemotherapy (e.g. fludarabine,
cyclophosphamide, bendamustine, chlorambucil) to
more targeted therapies, including: anti-CD20
monoclonal antibodies (rituximab, obinutuzumab,
ofatumumab); Bruton tyrosine kinase inhibitors
(ibrutinib and acalabrutinib); phosphoinositide 3-kinase
inhibitors (idelalisib and duvelisib); and a B-cell lymph-
oma 2 inhibitor (venetoclax) [1,4,7,8]. Targeted agents
can provide a suitable treatment option for most
patients with CLL, including older patients who have
multiple comorbidities or high-risk cytogenetic abnor-
malities, including del(11q), del(17p), and complex
karyotype [9]. However, clinical guidelines vary in their
recommendations for the use of targeted therapies.

Acalabrutinib is a highly selective, potent, next-gen-
eration, covalent Bruton tyrosine kinase inhibitor with
minimal off-target activity in vitro [10,11]. It has been
studied for use in patients with treatment-naïve
CLL who are not eligible for fludarabine-containing
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chemoimmunotherapy, including those with del(17p)
or mutated TP53 [12,13]. Acalabrutinib received
approval from the US Food and Drug Administration,
the Australian Therapeutic Goods Administration, and
Health Canada in November 2019, and from the
European Medicines Agency in November 2020, for the
treatment of adults with CLL or small lymphocytic
lymphoma in either the first-line or relapsed/refractory
setting [14,15]. Interim results for the phase 3 ELEVATE-
TN trial (ACE-CL-007, NCT02475681) in patients with
treatment-naïve CLL showed that acalabrutinib (with or
without obinutuzumab) significantly improved progres-
sion-free survival (PFS) compared with obinutuzumab
plus chlorambucil chemoimmunotherapy, providing a
chemotherapy-free treatment option with an accept-
able side-effect profile that was consistent with previ-
ous studies [13].

Timely and reliable comparative evidence regarding
the safety and effectiveness of new therapeutic enti-
ties can help clinicians, patients, and health care
payers to make informed treatment and reimburse-
ment decisions [16]. To date, there have been no
published head-to-head randomized controlled trials
(RCTs) comparing the safety and efficacy of targeted
therapies for previously untreated patients with CLL.
Network meta-analysis (NMA) relying solely on aggre-
gate study data can facilitate indirect treatment com-
parisons between RCTs. However, even though it is
highly informative, this approach may be limited by
cross-trial heterogeneity and requires a common com-
parator (e.g. placebo) [16]. Matching-adjusted indirect
comparisons (MAICs) adjust for differences in baseline
patient characteristics between trials and provide an
alternative method for comparing the relative treat-
ment effects of different therapies. Using patient-level
data, baseline characteristics from the clinical trial of
one treatment are weighted to match aggregate data
reported from a comparator trial [16,17]. After match-
ing, treatment outcomes can be compared between
the balanced study populations, in a well-defined clin-
ical context. The present analysis used MAIC to assess
the safety and efficacy of acalabrutinib (with or with-
out obinutuzumab) versus other approved targeted
therapies in previously untreated patients with CLL.

Materials and methods

Source data

Individual patient-level data for acalabrutinib were
available only from the ELEVATE-TN trial [13]. A sys-
tematic literature review was conducted through
August 2019 to identify clinical trials for relevant

comparator treatments for previously untreated
patients with CLL (Supplemental Figure S1). The fol-
lowing data sources were used in the literature search:
EMBASE, PubMed, and the Cochrane Library
(Supplemental Tables S1–S3). Bibliographic and confer-
ence searches were also performed. Following full-text
screening, 68 studies were suitable for inclusion
according to pre-determined eligibility criteria
(Supplemental Table S4). According to 2019 National
Comprehensive Cancer Network guidance [7], five of
these trials were deemed relevant as a source of com-
parator data for ELEVATE-TN within a MAIC-based
comparative assessment (i.e. the pivotal phase 3 RCTs
of targeted therapies for CLL/small lymphocytic leuke-
mia): RESONATE-2 (ibrutinib versus chlorambucil)
[18,19], iLLUMINATE (ibrutinib plus obinutuzumab
versus chlorambucil plus obinutuzumab) [20], CLL-14
(venetoclax plus obinutuzumab versus chlorambucil
plus obinutuzumab) [21], ALLIANCE (ibrutinib or
ibrutinib plus rituximab versus bendamustine plus
rituximab) [22], and CLL-11 (chlorambucil plus
obinutuzumab versus chlorambucil plus rituximab or
chlorambucil monotherapy) [23]. Here, we present the
results of the MAICs comparing the safety and efficacy
of acalabrutinib with targeted comparators (ibrutinib
and venetoclax) using data from the RESONATE-2,
iLLUMINATE, and CLL-14 trials. The ALLIANCE trial was
excluded from further analysis because the follow-up
period (38months) was longer than that reported for
the other trials (range, 28.1–31.3months). This would
have been considered a modifier of the treatment
effect, leading to potential bias in the indirect treat-
ment comparison. Similarity between trials is a deter-
minant of the validity of the analysis, hence the
importance of consistency in the duration of the
follow-up [24].

MAICs and data preparation

This study used MAIC methodology that was internally
and externally validated by biostatisticians and was in
accordance with guidance issued by the United
Kingdom’s National Institute for Health and Care
Excellence (NICE) [25]. The feasibility of each MAIC was
assessed by evaluating cross-trial similarities and dif-
ferences in study design, sample sizes, inclusion and
exclusion criteria, baseline characteristics, and out-
comes of interest (relevance, availability, and defini-
tions) between ELEVATE-TN and each comparator trial
(Supplemental Table S5). The following baseline char-
acteristics were selected to be matched in the MAICs
on the basis of the preliminary feasibility assessment
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and discussions with clinical experts: age, sex, bulky
disease (�5 cm), presence of chromosome 17p13.1 or
11q22.3 deletions, TP53 mutation, Eastern Cooperative
Oncology Group Performance Score, b2 microglobulin
at baseline (>3.5mg/L), Rai or Binet stage, complex
karyotype, IGHV gene mutation status, creatinine clear-
ance, and Cumulative Illness Rating Scale-Geriatric
score (CIRS). Patients who were less than 65 years old
or who had chromosome del(17p) were not included
in the MAICs of acalabrutinib (with or without
obinutuzumab) with ibrutinib monotherapy because
these patients were excluded from the RESONATE-2
trial.

Matching trial populations

Individual patient-level data were extracted from the
ELEVATE-TN trial and adjusted to match the average
baseline characteristics for each comparator. Individual
patients in the ELEVATE-TN trial were assigned weights
such that: (a) the weighted mean (± standard devi-
ation) baseline characteristics in ELEVATE-TN exactly
matched those reported for patients in each of the
comparator trials; and (b) each individual patient’s
weight was equal to their estimated odds (relative
propensity) of being in the comparator trial versus
ELEVATE-TN. After matching, the baseline characteris-
tics were compared between acalabrutinib and com-
parator treatment trial populations to ensure exact
matching of the baseline means (± standard devia-
tions). The distribution of weights was visually
inspected to identify potential sensitivity to extreme
weightings. The weights were used to calculate the
effective sample size (ESS) achieved after matching
patients (

P
wi)

2/(
P

wi
2). A low ESS indicates high vari-

ability in the weights due to a lack of overlap between
the study populations, meaning that only a small pro-
portion of patients may be utilized to drive the treat-
ment effect. Patients with missing values in the
baseline characteristics to be matched were excluded
from the analysis.

Comparison of efficacy and safety outcomes

Comparative analyses of PFS (Independent Review
Committee-assessed) and selected safety outcomes
(grades 3/4 adverse events [AEs] and serious AEs;
deemed to be of clinical relevance in this indirect
comparison) were conducted before and after weight-
ing. Outcomes were compared at similar follow-up
durations to reduce heterogeneity (median follow-up,
ELEVATE-TN: acalabrutinib plus obinutuzumab,

28.5 months; acalabrutinib, 28.4 months; RESONATE-2:
29 months; iLLUMINATE: 31.3 months; CLL-14:
28.1 months) (Supplemental Table S5). PFS and OS
medians were not reached in any of the trials, with
data being relatively immature: RESONATE-2 (N¼ 136),
24-month PFS: 89%, 24-month OS: 98%; iLLUMINATE
(N¼ 113), 31-month PFS: 79%, 30-month OS: 86%;
CLL-14 (N¼ 216), 24-month PFS: 88.2%, 24-month OS:
91.8%; ELEVATE-TN (N¼ 179), 30month-PFS: 90%, 82%,
30-month OS: 95%, 94% (both acalabrutinib plus
obinutuzumab and acalabrutinib, respectively). Overall
survival (OS) data in the same trials were insufficiently
mature, and therefore were not included in the present
analysis [13,18–21,26].

PFS outcomes were estimated individually for each
of the comparator therapies using published
Kaplan–Meier curves, applying the method recom-
mended by NICE [27,28]. PFS Kaplan–Meier data were
subsequently digitized, and a published reconstruction
algorithm used to create pseudo-individual patient-
level data.

Before matching, safety outcomes were summarized
in proportions and compared using a chi-squared test.
Risk differences and odds ratios with 95% confidence
intervals (CI) and p-values were reported. PFS was
summarized using Kaplan–Meier curves and compared
using the log-rank test and hazard ratios (HRs) esti-
mated from a Cox proportional hazards model. After
matching, PFS and selected safety outcomes were
compared between the balanced trial populations
using the weights generated in the MAIC. Safety out-
comes were compared using a weighted chi-squared
test. Risk differences comparing acalabrutinib with
comparator treatment were reported for safety out-
comes. The 95% confidence intervals and p-values for
the indirect comparisons were based on a robust esti-
mate of the variance and on a sandwich estimator,
which accounted for the variability in the propensity
score weights. For PFS, weighted survival curves based
on the Nelson–Aalen estimator were generated. PFS
was compared using a weighted log-rank test, and
HRs were estimated from a weighted Cox proportional
hazards model.

Results

Baseline characteristics

After matching, the baseline characteristics of the
trial populations were well-balanced for each of the
MAICs (Tables 1–4, Supplemental Tables S6–7). The
effective sample size after weighting varied in each
of the MAICs (Tables 1–4, Supplemental Tables
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S6–7); it was greatest for the comparisons to
iLLUMINATE (ESS ¼ 97 for both acalabrutinib plus
obinutuzumab and acalabrutinib, respectively) while
lowest for the comparisons to CLL-14 (ESS ¼ 43 and
51 for acalabrutinib plus obinutuzumab and acalab-
rutinib, respectively).

Efficacy outcomes

After matching the summary baseline characteristics
between ELEVATE-TN and the trials of comparator
treatment regimens, acalabrutinib plus obinutuzumab
was associated with increased PFS (HR, range:
0.55–0.78; Figure 1 and Supplemental Figure S2) in all
comparisons. Acalabrutinib monotherapy was also
associated with increased PFS in all comparisons,
except versus venetoclax plus obinutuzumab (Figure 1
and Supplemental Figure S3). These differences in PFS
were not statistically significant.

Safety outcomes

Safety outcomes after matching baseline characteris-
tics are shown in Table 5. Treatment with
acalabrutinib plus obinutuzumab, after matching, was
associated with significantly lower rates of peripheral
edema (p< 0.001) and febrile neutropenia (p< 0.05)
compared with ibrutinib plus obinutuzumab, and
lower rates of infusion reactions (p< 0.01) and neu-
tropenia (p< 0.001) compared with venetoclax plus
obinutuzumab. Conversely, acalabrutinib plus
obinutuzumab was associated with significantly
higher rates of neutropenia (p< 0.001) compared
with ibrutinib monotherapy, and leukopenia
(p< 0.001) versus venetoclax plus obinutuzumab.
Acalabrutinib monotherapy was associated with sig-
nificantly lower rates of atrial fibrillation (p< 0.05)
and infections (p< 0.05) compared with ibrutinib
monotherapy. Rates of the following grade 3/4 AEs

Table 1. Baseline characteristics before and after matching in MAIC of acalabrutinib plus obinutuzumab versus ibrutinib.
Before matching After matching

Acalabrutinibþ obinutuzumab, n (%) Ibrutinib, n (%) Acalabrutinibþ obinutuzumab, Ibrutinib,

Characteristic
(n¼ 126)a

[A]
(n¼ 136)

[B]
p-value
[A] vs [B]

%
(ESS¼ 59)

%
(n¼ 136)

Age �73 years 48 (38.1) 68 (50.0) 0.07 50.0 50.0
Sex, male 85 (67.5) 88 (65.0) 0.77 65.0 65.0
Bulky disease �5 cm 34 (27.0) 54 (40.0) <0.05 40.0 40.0
Chromosome 11q22.3 deletion 22 (17.5) 30 (22.0) <0.05 22.0 22.0
ECOG PS ¼ 0 65 (51.6) 60 (44.0) 0.27 44.0 44.0
ECOG PS ¼ 1 55 (43.7) 65 (48.0) 0.56 48.0 48.0
b2 microglobulin 102 (81.0) 84 (62.0) <0.01 62.0 62.0
Rai stage 3 or 4 62 (49.2) 60 (44.0) 0.47 44.0 44.0
Unmutated IGHVb 76 (60.3) 65 (48.0) 0.06 48.0 48.0
CrCl <60mL/min 38 (30.2) 60 (44.0) <0.05 44.0 44.0

Baseline characteristics for acalabrutinib and obinutuzumab were derived by using patient-level data from the ELEVATE-TN trial. Baseline characteristics
for ibrutinib were derived from the RESONATE-2 trial.
aPre-match n does not necessarily match n of ELEVATE-TN owing to incomplete baseline data recording for some patients in some outcomes.
bBaseline IGHV mutation status was available for n¼ 121 of patients receiving ibrutinib in the RESONATE-2 trial [17].
CrCl: creatine clearance; ECOG PS: Eastern Cooperative Oncology Group Performance Status; ESS: effective sample size; IGHV: immunoglobulin heavy-chain
variable; MAIC: matching-adjusted indirect comparison.

Table 2. Baseline characteristics before and after matching in MAIC of acalabrutinib versus ibrutinib.
Before matching After matching

Acalabrutinib, n (%) Ibrutinib, n (%) Acalabrutinib, % Ibrutinib, %

Characteristic
(n¼ 136)a

[A]
(n¼ 136)

[B]
p-value
[A] vs [B]

(ESS ¼ 79)
[A]

(n¼ 136)
[B]

Age �73 years 47 (34.6) 68 (50.0) <0.05 50.0 50.0
Sex, male 86 (63.2) 88 (65.0) 0.86 65.0 65.0
Bulky disease �5 cm 53 (39.0) 54 (40.0) 0.96 40.0 40.0
Chromosome 11q22.3 deletion 24 (17.6) 30 (22.0) 0.45 22.0 22.0
ECOG PS ¼ 0 73 (53.7) 60 (44.0) 0.14 44.0 44.0
ECOG PS ¼ 1 53 (39.0) 65 (48.0) 0.17 48.0 48.0
b2 microglobulin >3.5mg/L 111 (81.6) 84 (62.0) <0.001 62.0 62.0
Rai stage 3 or 4 68 (50.0) 60 (44.0) 0.38 44.0 44.0
Unmutated IGHVb 86 (63.2) 65 (48.0) <0.05 48.0 48.0
CrCl <60mL/min 44 (32.4) 60 (44.0) 0.06 44.0 44.0

Baseline characteristics for acalabrutinib were derived by using patient-level data from the ELEVATE-TN trial. Baseline characteristics for ibrutinib were
extracted from the RESONATE-2 trial. CrCl: creatine clearance; ECOG PS: Eastern Cooperative Oncology Group Performance Status; ESS: effective sample
size; IGHV: immunoglobulin heavy-chain variable; MAIC: matching-adjusted indirect comparison.
aPre-match n does not necessarily match n of ELEVATE-TN owing to incomplete baseline data recording for some patients in some outcomes.
bBaseline IGHV mutation status was available for n¼ 121 of patients receiving ibrutinib in the RESONATE-2 trial [17].
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were significantly lower for acalabrutinib monother-
apy compared with ibrutinib plus obinutuzumab: any
grade 3/4 AE (p< 0.001), peripheral edema
(p< 0.001), atrial fibrillation (p< 0.05), neutropenia
(p< 0.001), thrombocytopenia (p< 0.001), and pneu-
monia (p< 0.05). Rates of the following grade 3/4
AEs were significantly lower for acalabrutinib mono-
therapy compared with venetoclax plus
obinutuzumab: any grade 3/4 AE (p< 0.001), infusion-
related reaction (p< 0.001), neutropenia (p< 0.001),
diarrhea (p< 0.01), thrombocytopenia (p< 0.001), and

infections (p< 0.05). There was an increased rate of
leukopenia (p< 0.05) with acalabrutinib monotherapy
versus venetoclax plus obinutuzumab.

Discussion

To our knowledge, this retrospective study is the first
to assess the comparative effectiveness and tolerability
of targeted therapies in treatment-naïve patients with
CLL using MAIC methodology. After adjusting for
baseline population characteristics, the PFS HRs for all

Table 3. Baseline characteristics before and after matching in MAIC of acalabrutinib plus obinutuzumab versus ibrutinib
plus obinutuzumab.

Before matching After matching

Acalabrutinibþ
obinutuzumab, n (%)

Ibrutinibþ
obinutuzumab, n (%)

Acalabrutinibþ
obinutuzumab, %

Ibrutinibþ
obinutuzumab, %

Characteristic
(n¼ 113)a

[A]
(n¼ 113)

[B]
p-value
[A] vs [B]

(ESS¼ 97)
[A]

(n¼ 113)
[B]

Age �70 years 48 (42.5) 57 (50.0) 0.32 50.0 50.0
Sex, male 65 (57.5) 67 (59.0) 0.93 59.0 59.0
Bulky disease �5cm 31 (27.4) 31 (27.0) 1.00 27.0 27.0
Chromosome 11q22.3 deletion 23 (20.4) 14 (12.0) 0.13 12.0 12.0
TP53 mutation 17 (15.0) 14 (12.0) 0.64 12.0 12.0
Chromosome 17p13.1 deletion 14 (12.4) 14 (12.0) 1.00 12.0 12.0
ECOG PS ¼ 0 53 (46.9) 57 (50.0) 0.74 50.0 50.0
ECOG PS ¼ 1 56 (49.6) 52 (46.0) 0.69 46.0 46.0
Rai stage 3 or 4 58 (51.3) 60 (53.0) 0.91 53.0 53.0
Unmutated IGHV 68 (60.2) 70 (62.0) 0.89 62.0 62.0
CrCl <60mL/min 21 (18.6) 26 (23.0) 0.51 23.0 23.0
CIRS-G score >6 52 (46.0) 37 (33.0) 0.06 33.0 33.0

Baseline characteristics for acalabrutinib and obinutuzumab were derived by using patient-level data from the ELEVATE-TN trial. Baseline characteristics
for ibrutinib and obinutuzumab were extracted from the iLLUMINATE trial. CIRS-G: Cumulative Illness Rating Scale for Geriatrics; CrCl: creatine clearance;
ECOG PS: Eastern Cooperative Oncology Group Performance Status; ESS: effective sample size; IGHV: immunoglobulin heavy-chain variable; MAIC: match-
ing-adjusted indirect comparison.
aPre-match n does not necessarily match n of ELEVATE-TN owing to incomplete baseline data recording for some patients in some outcomes.

Table 4. Baseline characteristics before and after matching in MAIC of acalabrutinib versus ibrutinib and obinutuzumab.
Before matching After matching

Acalabrutinib, n (%) Ibrutinibþ obinutuzumab, n (%) Acalabrutinib, % Ibrutinibþ obinutuzumab, %

Characteristic
(n¼ 114)a

[A]
(n¼ 113)

[B]
p-value
[A] vs [B]

(ESS¼ 97)
[A]

(n¼ 113)
[B]

Age �70 years 46 (43.5) 57 (50.0) 0.18 50.0 50.0
Sex, male 70 (61.4) 67 (59.0) 0.81 59.0 59.0
Bulky disease� 5 cm 38 (33.3) 31 (27.0) 0.37 27.0 27.0
Chromosome 11q22.3 deletion 19 (16.7) 14 (12.0) 0.42 12.0 12.0
TP53 mutation 12 (15.3) 14 (12.0) 0.89 12.0 12.0
Chromosome 17p13.1 deletion 11 (9.7) 14 (12.0) 0.72 12.0 12.0
ECOG PS ¼ 0 55 (48.2) 57 (50.0) 0.90 50.0 50.0
ECOG PS ¼ 1 49 (43.0) 52 (46.0) 0.75 46.0 46.0
Rai stage 3 or 4 55 (48.2) 60 (53.0) 0.56 53.0 53.0
Unmutated IGHV 80 (71.8) 70 (62.0) 0.25 62.0 62.0
CrCl <60mL/min 27 (23.7) 26 (23.0) 1.00 23.0 23.0
CIRS-G score >6 50 (43.9) 37 (33.0) 0.12 33.0 33.0

Baseline characteristics for acalabrutinib were derived by using patient-level data from the ELEVATE-TN trial. Baseline characteristics for ibrutinib and
obinutuzumab were extracted from the iLLUMINATE trial. CIRS-G: Cumulative Illness Rating Scale for Geriatrics; CrCl: creatine clearance; ECOG PS: Eastern
Cooperative Oncology Group Performance Status; ESS: effective sample size; IGHV: immunoglobulin heavy-chain variable; MAIC: matching-adjusted
indirect comparison.
aPre-match n does not necessarily match n of ELEVATE-TN owing to incomplete baseline data recording for some patients in some outcomes.
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comparisons, except acalabrutinib monotherapy versus
venetoclax plus obinutuzumab, numerically favored
acalabrutinib; however, none of these differences were
statistically significant. Acalabrutinib plus obinutuzu-
mab showed a stronger PFS benefit than acalabrutinib
monotherapy, with HRs ranging from 0.55 to 0.78 and
0.53 to 1.24, respectively.

After matching, acalabrutinib monotherapy was
associated with significantly lower rates atrial fibrilla-
tion and infections compared with ibrutinib monother-
apy. In addition, acalabrutinib monotherapy was
associated with lower rates of any grade 3/4 AE, infu-
sion-related reactions, neutropenia, diarrhea, thrombo-
cytopenia, and infections compared with venetoclax
plus obinutuzumab. The rate of grade 3/4 AEs was
lower with acalabrutinib monotherapy versus ibrutinib
plus obinutuzumab and venetoclax plus obinutuzumab,
suggesting that overall acalabrutinib has a better safety
profile. Acalabrutinib plus obinutuzumab generally
showed lower rates of AEs compared with ibrutinib
plus obinutuzumab and venetoclax plus obinutuzumab.
The only exception to this was a higher rate of
leukopenia versus that reported with venetoclax plus
obinutuzumab treatment. Acalabrutinib plus
obinutuzumab was also associated with a higher rate
of neutropenia versus ibrutinib monotherapy. These
safety findings are consistent with in vitro studies show-
ing the improved selectivity and reduced off-target
activity of acalabrutinib compared with ibrutinib [10].
Furthermore, a previous MAIC in patients with relapsed/

refractory mantle cell lymphoma also showed an
improved
tolerability profile for acalabrutinib versus ibrutinib, with
a significant decrease in the risk of grade 3/4 atrial fibril-
lation and thrombocytopenia [29].

We compared the MAIC results to two published
NMAs evaluating the efficacy and safety of acalabrutinib
against other frontline treatments for CLL [30,31]. One
advantage of conducting indirect comparisons using
NMA methodology is that the relative treatment
effects can be compared across multiple RCTs can be
evaluated without breaking randomization. As a
result, differences in prognostic factors across clinical
trials will not introduce confounding unless the prog-
nostic factors are also effect modifiers [24]. An NMA
by Sheng et al. compared the efficacy and safety of
acalabrutinib plus obinutuzumab with ibrutinib plus
obinutuzumab, and venetoclax plus obinutuzumab.
Sheng et al. found that acalabrutinib plus obinutuzumab
demonstrated a statistically significant improvement in
investigator-assessed PFS versus both comparators (PFS
HR versus ibrutinib plus obinutuzumab: 0.46 [95% CI:
0.22, 0.96]; versus venetoclax plus obinutuzumab: 0.34
[95% CI: 0.17, 0.68]. These findings are in line with the
direction of the PFS HRs in our MAIC analysis, which
may have lacked power after matching to reach the
threshold of statistical significance. As with the MAIC,
the NMA found no difference in the risk of grade 3/4
AEs between acalabrutinib plus obinutuzumab and
ibrutinib plus obinutuzumab (risk ratio versus ibrutinib

0 0.5 1 1.5 2 2.5 3
Favours 

acalabrutinib ±
obinutuzumab

Favours comparator

HR (95% CI) p-value

0.61 (0.24, 1.55) .30

0.92 (0.44, 1.95) .83

0.55 (0.26, 1.15) .11

0.53 (0.26, 1.09) .08

0.78 (0.33, 1.83) .57

1.24 (0.57, 2.70) .59

Ibrutinib

Ibrutinib

Ibrutinib + obinutuzumab

Ibrutinib + obinutuzumab 

Venetoclax + obinutuzumab 

Venetoclax + obinutuzumab 

Acalabrutinib + obinutuzumab
Acalabrutinib

Figure 1. Progression-free survival for acalabrutinib monotherapy or acalabrutinib plus obinutuzumab versus comparators.
CI: confidence interval; HR: hazard ratio.
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plus obinutuzumab: 1.10 [95% CI: 0.52, 2.32]; or versus
venetoclax plus obinutuzumab: 0.89 [95% CI: 0.45, 1.77]
[30]. Similar findings were reported by Davids et al. in an
NMA comparing acalabrutinib both as monotherapy and
in combination with obinutuzumab with 10 frontline CLL
treatment regimens. In concordance with the present
MAIC, the NMA found a non-statistically significant
improvement in the risk of PFS (investigator assessed)
for acalabrutinib versus ibrutinib plus obinutuzumab:
PFS HR 0.63 (95% CI: 0.32, 1.27); but unlike the MAIC,
there was a significant PFS improvement compared with
venetoclax plus obinutuzumab: PFS HR 0.47 (95% CI:
0.24, 0.89) [31].

The overall approach of this MAIC was consistent
with methodological guidance issued by NICE [25]. It
provided a comprehensive evaluation of cross-trial het-
erogeneity and potential sources of bias. Moreover, the
use of individual patient-level data for acalabrutinib
plus obinutuzumab and acalabrutinib monotherapy
adjusted for observed cross-trial differences in multiple
patient characteristics versus the comparator trials.
However, several limitations of the MAIC need to be
taken into consideration when interpreting the results
of this analysis. Firstly, there were some differences in
trial characteristics including follow-up length, a factor
important to the maturity of time-to-event outcomes.
For the MAIC between acalabrutinib (with or without
obinutuzumab) and venetoclax plus obinutuzumab, it
should be noted that the ELEVATE-TN trial utilized a
treat to progression approach, while the CLL-14 trial
investigated fixed-duration treatment. The median dur-
ation of treatment exposure also differed between
these two trials. Overall, these differences could not
have been fully adjusted for in the MAIC and, therefore,
may have confounded the comparison of outcomes.
While this unanchored MAIC adjusted for observed
baseline differences between acalabrutinib and com-
parator trial(s), it was a comparison of non-randomized
treatment groups and may have been biased by
residual, unobserved cross-trial differences. In this study,
the reduction in sample size that occurred after match-
ing varied across comparisons. While the resulting
effective sample sizes were considered acceptable for
the MAICs, they were not powered to detect statistical
differences in outcomes between therapies and the
possibility of type 2 errors cannot be excluded [25]. The
findings presented here are based on relatively imma-
ture data and, while they provide an indication of early
comparisons of safety and efficacy outcomes, further
analyses should be undertaken as longer-term trial data
become available to establish the durability of the esti-
mated differences in treatment outcomes. However,Ta
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only prospective head-to-head comparative studies can
definitively answer such questions.

Overall, first-line treatment of patients with CLL has
dramatically improved in recent years through the
development of targeted therapies that can provide
deep and sustained hematological responses, particu-
larly when used in combination, alongside an accept-
able tolerability profile. Acalabrutinib is a new addition
to the clinician’s armamentarium and, compared with
prior novel agent-based regimens, it may have a lower
risk of AEs without compromising efficacy. This MAIC
analysis provides an initial insight into potential
differences between acalabrutinib and ibrutinib for
treatment-naïve patients as we await the first
prospective data to emerge from the ongoing, head-
to-head, randomized trial in the relapsed/refractory
CLL population (ELEVATE R/R: NCT02477696).
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