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Abstract: In chronic lymphocytic leukemia (CLL), a deeper understanding of the disease
biology led over the last decade to the development and clinical use of different targeted
drugs, including Bruton tyrosine kinase (BTK) inhibitors. The first BTK inhibitor approved
for clinical use is ibrutinib, which showed excellent efficacy and good tolerability. More
recently, the interest is growing for novel more selective BTK inhibitors that may reduce the
off-target effects of the drug, thus minimizing side effects and subsequent treatment inter-
ruptions or discontinuations. Acalabrutinib is an orally administered irreversible BTK inhi-
bitor, characterized by the lack of inhibition towards other kinases. In this review, we present
the most recent data from clinical trials on the clinical efficacy of acalabrutinib and
acalabrutinib-based combinations for the treatment of patients with relapsed/refractory and
treatment-naive CLL. We delineate the safety profile of the drug, describe side effects of
interest and discuss the clinical management of patients receiving acalabrutinib. Due to its
efficacy and the favorable safety profile, acalabrutinib has emerged as a viable therapy option
in the current landscape of multiple approved treatments for CLL.
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Introduction

Chronic lymphocytic leukemia (CLL) is a B-cell lymphoproliferative disease that
accounts for 1.1% of all cancer diagnosis in the US." Historically, the therapeutic
armamentarium against CLL consisted of chemotherapy agents, used alone or in
combination with the anti-CD20 monoclonal antibody rituximab. However, a dee-
per understanding of the disease biology led over the last decade to the develop-
ment and clinical use of different drugs, specifically directing their effects to targets
that are essential for tumor B-cell survival. Bruton tyrosine kinase (BTK), a kinase
predominantly expressed in hematopoietic cells, was identified as a fundamental
component of the B-cell receptor (BCR) signaling pathway, whose activity is
BTK demon-

strated to be a key therapeutic target in B-cell tumors, and especially in CLL.” The

needed to ensure the survival and proliferation of malignant B cells.”

first BTK inhibitor which was approved for clinical use in the setting of CLL is
ibrutinib. Long-term results from the pivotal Phase III studies RESONATE and
RESONATE-2 confirmed excellent efficacy.®* More recently, phase III trials have
demonstrated the superiority of ibrutinib treatment as compared to chemo-immu-
notherapy in different groups of previously untreated patients with CLL.>’
Ibrutinib is given as continuous treatment at a dose of 420 mg/day until disease

progression or unacceptable toxicity. The treatment with ibrutinib is generally
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considered well tolerated, and patients with comorbidities
can be most of the time safely treated with this drug.
Nevertheless, the cumulative experience from multiple
trials, together with data from the real-world practice,
have highlighted the unique side effect profile of this
drug, which specifically include atrial fibrillation, hyper-
tension and bleeding episodes.® ' It needs to be high-
lighted that ibrutinib-induced toxicities may include
severe events, but also low-grade persistent side effects.
All these adverse events (AEs) may lead to treatment
interruption or definitive discontinuation and may repre-
sent an issue for patients’ treatment compliance and even-
tually for efficacy.'' Translational research efforts have
been carried out with the aim of understanding the biolo-
gical basis of these ibrutinib-induced specific toxicities. It
has been shown that the off-target effects of the drug, such
as sustained ibrutinib-induced inhibition of other kinases
(eg, Tec, EGFR, ITK), may be responsible for some of the
toxicities observed.'? From these observations stemmed
the quest for novel more selective BTK inhibitors that
may improve the tolerability of the treatment while main-
taining the efficacy of the first-in-class drug.

Besides ibrutinib, other covalent BTK inhibitors have
been clinically evaluated for the treatment of patients with
CLL, such as acalabrutinib (ACP-196), zanubrutinib
(BGB-3111), spebrutinib (CC-292)
(ONO-4059/GS-4059). Additionally,
BTK inhibitors that exploit their inhibitory mechanism in

and tirabrutinib

novel generation

a reversible and non-covalent manner are also in develop-
ment (ie pirtobrutinib (LOX0-305), MK1026 (formerly
ARQ-531) and CGB806). This review will specifically
focus on the clinical utility — in the setting of CLL — of
acalabrutinib, being the first next-generation BTK inhibi-
tor that was approved for the clinical use, and for which
data are more mature to date.

Acalabrutinib: Mechanism of
Action, Preclinical Data and Dose

Scheduling Evaluation

Acalabrutinib is an orally administered irreversible BTK
inhibitor that forms a covalent bond with C481 in the ATP-
binding pocket (Figure 1). As compared to ibrutinib, aca-
labrutinib is highly selective and characterized by the lack
of inhibition towards other kinases.'> ' In vitro, the selec-
tivity of acalabrutinib appears to be comparable to that of
tirabrutinib and higher compared to ibrutinib, zanubrutinib
and spebrutinib.'® This improved selectivity should limit

the occurrence of ibrutinib-related off-target AEs. For
example, it has been hypothesized that a reduced inhibi-
tion of Src family kinases by acalabrutinib — compared to

ibrutinib — may ameliorate the platelet dysfunction
observed in patients treated with other BTK
13,17,18

inhibitors.

Besides the reduction of side effects, the aim of aca-
labrutinib is also that of maintaining the excellent thera-
peutic results of the first-in-class compound. In the
preclinical in vitro setting, acalabrutinib shows a dose-
dependent BCR inhibition in primary CLL cells."> The
molecular and biological effects of ibrutinib and acalabru-
tinib appear similar in terms of intracellular downstream
pathways events, cytotoxicity, chemokine production and
cell migration.'? Interestingly, there were also some differ-
ences noted: in vitro studies showed that the drug-induced
cell death rate is slightly higher for ibrutinib than acalab-
rutinib, possibly due to the off-target effects of ibrutinib.
Conversely, the two drugs have a differential effect on
healthy T lymphocytes, ibrutinib showing more pro-
nounced off-target effects on Src-family kinases.
However, when the in vivo effects of ibrutinib and acalab-
rutinib on T cells were evaluated, both drugs showed the
ability of downmodulating immune-suppressive molecules
such as PD-1 and CTLA-4.?° Additionally, in two distinct
murine models of CLL, acalabrutinib confirmed its potent
BTK inhibition and selectivity in vivo, and showed a
significant inhibition of CLL cell proliferation, together
with tumor burden reduction and survival increase com-
pared to mice receiving vehicle."

Correlative studies also explored the combinatorial
activity of BTK inhibitors: it has been postulated that
due to the off-target inhibition toward other kinases such
as ITK or Tec, ibrutinib may negatively interact with the
main mechanisms of action of anti-CD20 monoclonal anti-
bodies, such as antibody-dependent cellular cytotoxicity
and antibody-dependent phagocytosis.”' ** Golay et al
reported that acalabrutinib does not seem to affect the
mechanisms of action of anti-CD20 monoclonal antibodies
in vitro, possibly due to its increased specificity.*

Other acalabrutinib-containing drug combinations have
also been assessed in vitro. For example, Patel et al
showed that the Bcl-2
increased cytotoxicity on CLL cells collected from acalab-

inhibitor venetoclax exerts

rutinib-treated patients compared to pretreatment samples
and that in in vitro-treated CLL samples, the combination
of acalabrutinib and venetoclax induces higher rates of cell
death compared to both drugs used as single agents.”
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Figure | Acalabrutinib structure and mechanism of action.

Moreover, a possible therapeutic advantage of the combi-
nation of acalabrutinib and venetoclax combination was
confirmed in a TCL-1 adoptive transfer mouse model.*”
BTK occupancy by acalabrutinib has been measured in
clinical trials. In the phase I/II study evaluating acalabrutinib
in patients with CLL, all tested doses (ie 100 mg, 175 mg,
250 mg and 400 mg) achieved a complete BTK occupancy
(99-100%) 4 hours after dosing on day 8 (steady-state).]3
However, the median BTK occupancy before next-dose
administration obtained with once-daily dosing ranged from
87% to 95%, whereas the 100 mg twice daily dosing sche-
dule showed optimal before-dosing BTK inhibition (97%).
As a comparison, the approved 420 mg daily dose of ibruti-
nib achieves a BTK occupancy of approximately 90% 4
hours after dosing on day 8, and of approximately 80%
before next-dose administration.”® The 100 mg twice daily
dosing was therefore chosen as the preferred dose for further
acalabrutinib studies and for use in the clinical practice, the
drug being generally given continuously until disease pro-
gression or unacceptable toxicity. Of note, in a recent study

\ Cell migration
Cell proliferation

Cell survival

by Sun et al, the twice daily 100 mg dose was confirmed to be
able to achieve significantly higher BTK occupancy than the
200 mg daily dose at different time points, although with a
difference decreasing over time.?” Also, the BTK inhibition
exerted in the lymph nodes — the tissue compartment where
BCR activation and CLL cell proliferation mostly occur in
CLL — was more potent in patients treated with the twice
daily 100 mg dose compared to the 200 mg daily dose.”’

Clinical Efficacy of Acalabrutinib in
CLL
Acalabrutinib Monotherapy for Relapsed

or Refractory Patients

The ACE-CL-001 study (NCT02029443) is a phase I/II
multicenter clinical trial, which enrolled patients with
relapsed CLL and whose results were first published in
2016." In the dose-escalation phase, patients were treated
with acalabrutinib at a dose of 100 mg, 175 mg, 250 mg or
400 mg once daily, whereas in the Phase II portion of the
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study, the drug was given 100 mg twice daily. Sixty-one
patients were treated, with a median age of 62 years and a
median of 3 prior treatment lines (range, 1—13). Thirty-one
percent of the patients had a del(17p) and 75% had unmu-
tated IGHV. After a relatively short median follow-up of
14.3 months, overall response rate (ORR) was 95% and
only two events of progression or death were noted (one
each). In the most recent update of the study, which
reported on a population of 134 patients, at a median
follow-up of 41 months, the high ORR was confirmed
(94%), regardless of genomic characteristics or complex
karyotype.*® Fifty-six percent of the patients remained on
treatment, the median progression-free survival (PFS) was
not reached and the estimated 45-month PFS was 62%.

The multicenter randomized phase III ASCEND trial
(ACE-CL-309, NCT02970318) treated 310 patients with
relapsed/refractory CLL with acalabrutinib monotherapy
(n=155) or investigator’s choice (idelalisib plus rituximab,
n=119, or bendamustine plus rituximab, n=36, both regi-
mens given at standard doses/schedule).”” Patients had a
median of 2 prior therapies (range, 1-10), but prior Bcl-2
or BTK/PI3K inhibitors were not allowed. ORR was 81%
and 75% for acalabrutinib and investigator’s choice arms,
respectively. At a median follow-up of 16 months, median
PFS was significantly longer with acalabrutinib monother-
apy (not reached) versus the investigator’s choice cohort
(16.5 months). The estimated 1-year PFS was 88% and
68% for acalabrutinib and investigator’s choice arms,
respectively.

Acalabrutinib was directly compared to ibrutinib in the
phase III non-inferiority ELEVATE-RR trial (ACE-CL-
006, NCT02477696), which randomized 533 patients
with previously treated CLL, carrying del(17p) and/or del
(11q).*° The ORR was 81% for acalabrutinib (n=268) and
77% for ibrutinib (n=265). At a median follow-up of 41
months, median PFS was 38.4 months for both treatment
arms, and the prespecified criterion for non-inferiority was
met. Median overall survival (OS) was not reached in
either group, and median time-to-next treatment was simi-
lar between treatment arms.

Acalabrutinib in Association with
Obinutuzumab for Relapsed or

Refractory Patients

Although in previous trial experiences the addition of
rituximab to ibrutinib did not result in significant clinical
improvements,™' several studies assessed the efficacy of

the combination of acalabrutinib with the anti-CD20
monoclonal antibody obinutuzumab, a type II humanized
antibody which was specifically glycoengineered to opti-
mize antibody-dependent cellular cytotoxicity.

The single-center phase Ib/II study ACE-CL-003
(NCT02296918) enrolled both
relapsed/refractory patients with CLL.*>* In the relapsed/

treatment-naive and
refractory cohort, the patients (n=26) had a median age of
63 years and a median number of prior therapies of 1
(range, 1-9). Patients received acalabrutinib and obinutu-
zumab (100 mg on cycle 1 day 1; 900 mg on cycle 1 day
2; 1000 mg on cycle 1 day 8 and 15, and on day 1 of
cycles 2-6), obtaining an ORR of 92%. At a median
follow-up 42 months, median PFS was not reached and
the 3-year PFS rate was 88%. Based on the scarcity of data
available to date, it is not possible to determine whether
the addition of obinutuzumab may improve the efficacy of
acalabrutinib for the treatment of CLL in the relapsed/
refractory setting.

Acalabrutinib as Frontline Therapy

The phase I/Il ACE-CL-001 trial also evaluated the effi-
cacy and safety of acalabrutinib monotherapy in a cohort
of 99 previously untreated patients with CLL, who
declined treatment with chemo-immunotherapy or who
had comorbidities that precluded it.>> The median age
was 64 years, 62% of the patients had unmutated IGHV
and 18% had TP53 aberrations. Acalabrutinib was initially
given at a dose of 200 mg once daily or 100 mg twice
daily, until progression or intolerance, but a protocol
amendment later converted all patients to the twice daily
dose. ORR was 97%, with similar outcomes among all
prognostic subgroups. After a median follow-up of 53
months, median PFS was not reached and the estimated
4-year PFS rate was 96% (82% in patients with del(17p)
and/or mutated TP53, and 91% in patients with complex
karyotype).

The above-mentioned ACE-CL-003 phase Ib/II study,
which evaluated the association of acalabrutinib with obi-
nutuzumab, enrolled 19 treatment-naive patients, with a
median age of 61 years.*? Fifty-three% of patients had
unmutated IGHV, 22% had del(17p), 28% had a TP53
mutation and 42% had a complex karyotype. The ORR
was 95% and at the median follow-up of 39 months, PFS
rate was 94.4%.

The phase III ELEVATE-TN study (ACE-CL-007,
NCT02475681)
untreated CLL who were aged 65 years or older, or 18—

enrolled patients with previously
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65 years and who had a creatinine clearance of 30-69 mL/
min or a Cumulative Illness Rating Scale for Geriatrics
(CIRS-G) score >6.>* Five hundred thirty-five patients
were randomly assigned to receive 1) acalabrutinib mono-
therapy (n=179), or 2) acalabrutinib and obinutuzumab
(100 mg on cycle 2 day 1; 900 mg on cycle 2 day 2;
1000 mg on cycle 2 day 8 and 15, and on day 1 of cycles
3-7) (n=179), or 3) obinutuzumab (100 mg on cycle 1 day
1; 900 mg on cycle 1 day 2; 1000 mg on cycle 1 day 8 and
15, and on day 1 of cycles 2—6) and chlorambucil (0.5 mg/
kg on days 1 and 15 of cycles 1-6) (n=177). Regarding
biological disease characteristics, 9% of the patients had a
del(17p), 18% had a del(11q), 63% had unmutated IGHV
and 17% had a complex karyotype. The best ORR was
94%, 86% and 79% in patients treated with acalabrutinib-
obinutuzumab, acalabrutinib monotherapy and obinutuzu-
mab—chlorambucil, respectively. At a median follow-up of
28.3 months, patients treated with acalabrutinib-containing
regimens had a longer median PFS compared with obinu-
tuzumab—chlorambucil (not reached vs 28.3 months). PFS
improvements were consistently observed in main patient
subgroups. The estimated 2-year PFS was 93%, 87% and
47% in patients treated with acalabrutinib-obinutuzumab,
acalabrutinib monotherapy and obinutuzumab—chlorambu-
cil, respectively. The study was not powered to detect a
PFS difference in patients treated on the two acalabrutinib-
containing arms, but in a recent post-hoc analysis, a trend
was reported toward a longer PFS in patients who received
acalabrutinib-obinutuzumab versus acalabrutinib mono-
therapy, with a 4-year estimated PFS of 87% and 78%,
respectively.®> The median OS was not reached in any
treatment cohort, and no significant differences in terms
of OS were observed among groups at this follow-up.
Together with the ASCEND trial, the ELEVATE-TN
trial led — in November 2019 — to the approval of acalab-
rutinib for the treatment of patients with CLL in the United
States. One year later, the European Union marketing
authorization was issued.>® Acalabrutinib, with or without
obinutuzumab, is currently indicated by international
guidelines among the preferred frontline regimens for
CLL, but the presence of multiple highly effective options
poses an indisputable challenge for the clinicians. In the
absence of head-to-head comparison, data from a recent
network meta-analyses might be of help.>” Results from 8
clinical trials enrolling fludarabine-ineligible patients were
analyzed, and the 5-year PFS rate for acalabrutinib and
obinutuzumab treatment was higher than for ibrutinib, but
not higher than for single agent acalabrutinib, ibrutinib and

obinutuzumab, ibrutinib and rituximab, or venetoclax and
obinutuzumab.

Relevant clinical trials of acalabrutinib for the treat-
ment of patients with CLL are summarized in Table 1.

Acalabrutinib for the Treatment of

Ibrutinib-Intolerant Patients

The phase I/II ACE-CL-001 study included a cohort of 33
patients who discontinued ibrutinib due to severe AEs.*®
The median age of these patients was 64 years and median
2-13).
Unfavorable prognostic factors were common: 38% of
the patients had del(17p), 22% had del(11q) and 81%
had unmutated IGHV. The ORR was 76%. The treatment
was well tolerated, and at a median follow-up of 19

number of prior therapies was 4 (range,

months, 70% of the patients remained on acalabrutinib
therapy and 9% discontinued due to an AE. Median PFS
was not reached, 1-year and 2-year PFS were 83.4% and
75%, respectively. Of interest, among 61 ibrutinib-related
AEs that were previously reported, 72% did not recur and
13% recurred at a lower grade during acalabrutinib
therapy.

A phase II study to specifically assess the efficacy and
tolerability of acalabrutinib in a larger cohort of ibrutinib-
intolerant CLL patients (ACE-CL-208, NCT02717611) is
currently ongoing, and only preliminary results have been
presented so far.*°

Safety and Tolerability of
Acalabrutinib in CLL

As the efficacy of acalabrutinib has shown promising
results, an in-depth understanding of its safety and toler-
ability is essential to define its place in the treatment of
patients with CLL. In a pooled analysis of clinical trials
1040
patients with median duration of exposure at 24.6 months,

with acalabrutinib monotherapy that included

the most common AEs of any grade reported with acalab-
rutinib therapy were headache (n=393, 38%), diarrhea
(n=382, 37%), upper respiratory tract infection (n=229,
22%), contusion (n=226, 22%), nausea (n=226, 22%),
fatigue (n=222, 21%) and cough (n=218, 21%).*° For
each AE, over 90% of those reported were grade 1 or 2.
For AEs of grade 3 or higher, the three most common
noted were neutropenia (n=116, 11.2%), anemia (n=81,
7.85%) and pneumonia (n=53, 5.1%). Of the reported
serious AEs, pneumonia was the most frequent (n=51).
In addition, it was the most frequent fatal AE reported
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Table | Relevant Clinical Trials of Acalabrutinib for the Treatment of Patients with CLL

Trial Study Design/Agents Number of Median Results AEs (% of Patients)
Patients (on Acalabrutinib Arms) Follow-Up
ACE-CL-001 Multicenter, open-label and dose-escalation | 4| months ORR, 94% Any grade
Phase Ib/Il study of acalabrutinib 45-month PFS, 62% Diarrhea (52%)
NCT02029443 134 RR Median PFS, not reached Headache (51%)
Hypertension (22%)
Atrial Fibrillation (7%)
Major Bleeding (5%)
Grade >3
Neutropenia (14%)
Pneumonia (11%)
Hypertension (7%)
ACE-CL-001 Multicenter, open-label and dose-escalation | 53 months ORR, 97% Grade >3
Phase Ib/Il study of acalabrutinib Median DOR, not reached | Infection (15%)
NCT02029443 99 TN Hypertension (11%)
Bleeding events (3%)
Atrial fibrillation (2%)
ACE-CL-001 Multicenter, open-label and dose-escalation | 19 months ORR, 76% Any grade:
Phase Ib/Il study of acalabrutinib 24-month PFS, 75% Diarrhea (58%)
NCT02029443 (ibrutinib-Intolerant cohort) Median PFS, not reached Headache (39%)
33 RR Cough (33%)
Grade >3:
Neutropenia (12%)
Thrombocytopenia (9%)
ACE-CL-208 Multicenter, open-label study of 19 months ORR, 77% Any grade:
Phase I acalabrutinib in subjects who are intolerant 2|-month PFS, 76% Diarrhea (48%)
NCT0271761 | of ibrutinib Median PFS, not reached Headache (40%)
60 RR Contusion (35%)
Dizziness (32%)
ACE-CL-003 Study of acalabrutinib in combination with | 42 months ORR TN, 95% Any grade:
Phase Ib/Il obinutuzumab ORR RR, 92% Headache (56%)
NCT02296918 19 TN 36-month PFS TN, 94% Grade 2>3:
26 RR 36-month PFS RR, 88% Neutropenia (24%)
Median PFS, not reached Syncope (11%)
(TN, RR) Weight gain (9%)
Hypertension (7%)
ASCEND Randomized, multicenter, open-label study | 22 months ORR, 80% Any grade:
ACE-CL-309 of acalabrutinib vs investigator’s choice ORR + PRL, 92% Headache (22%)
Phase llI (idelalisib plus rituximab or bendamustine 18-month PFS, 82% Diarrhea (21%)
NCT02970318 plus rituximab) Median PFS, not reached Neutropenia (20%)
I55 RR Grade >3:
Neutropenia (17%)
Anemia (12%)

(Continued)
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Table | (Continued).

Trial Study Design/Agents Number of Median Results AEs (% of Patients)
Patients (on Acalabrutinib Arms) Follow-Up
ELEVATE-RR Randomized, multicenter, open-label, non- | 41 months ORR, 81% Any grade:
ACE-CL-006 inferiority study of acalabrutinib vs Median PFS, 38.4 months | Diarrhea (35%)
Phase llI ibrutinib Headache (35%)
NCT02477696 268 RR Cough (29%)
URI (27%)
Pyrexia (23%)
Hypertension (9%)
Grade >3:
Neutropenia (20%)
Anemia (12%)
Pneumonia (11%)
Thrombocytopenia (10%)
Atrial Fibrillation (5%)
ELEVATE-TN Randomized, multicenter, open-label study | 29.8 months ORR A+0O, 94% Any grade (A+O, A):
Phase IlI of obinutuzumab plus chlorambucil vs ORR A, 86% Headache (40%, 37%)
ACE-CL-007 acalabrutinib plus obinutuzumab vs 24-month PFS A+O, 93% | Diarrhea (39%, 35%)
NCT02475681 acalabrutinib monotherapy 24-month PFS A, 87% Neutropenia (32%, |1%)
179 TN (A+O) Median PFS, not reached Fatigue (28%, 18%)
179 TN (A) (A+0, A) Contusion (24%, 15%)
Arthralgia (22%, 16%)
Atrial Fibrillation (3%, 4%)
Grade 23 (A+O, A):
Neutropenia (30%, 10%)
Thrombocytopenia (8%,
5%)
Anemia (6%, 7%)

Abbreviations: AEs, adverse events; TN, treatment-naive; RR, relapsed/refractory; ORR, overall response rate; PFS, progression-free survival; PRL, partial response with
lymphocytosis; DOR, duration of response; A+O, acalabrutinib + obinutuzumab cohort; A, acalabrutinib monotherapy cohort.

(n=8). Causality assessment to acalabrutinib therapy was
not included in data review. In the same report, treatment
discontinuations and dose reductions due to toxicity were
rare, with adverse effects of therapy leading to treatment
discontinuation and dose reduction in 9% and 4% of the
patients, respectively. Median time to treatment disconti-
nuation was 7.9 months. With the limit of a cross-trial
comparison, the rates of treatment discontinuations and
dose reductions in acalabrutinib-treated patients appears
to be lower in comparison to ibrutinib.*!

In the previously mentioned phase III ASCEND trial,
grade 3/4 AEs were less frequent in patients treated with
acalabrutinib (observed in 70 of 154 patients) compared to
patients treated with idelalisib plus rituximab (observed in
101 of 118 patients).?® The most common AEs in patients
treated with acalabrutinib were neutropenia (n=24, 16%),
anemia (n=18, 12%) and pneumonia (n=8, 5%).

The recently published data from the phase III
ELEVATE-RR trial provide a direct comparison between
acalabrutinib and ibrutinib, used in the relapsed/refractory
setting.’® Overall, grade 3/4 AEs were observed in 68.8%
and 74.9% of the patients treated with acalabrutinib and
ibrutinib, respectively, and AEs led to treatment disconti-
nuation in 14.7% and 21.3% of the patients, respectively.
Grade 3/4 infections occurred at comparable rates (30.8%
in acalabrutinib-treated patients vs 30% in ibrutinib-treated
patients). Among the AEs with a significantly different
incidence in the two cohorts, patients treated with ibrutinib
showed a higher incidence of diarrhea (any grade, 46% vs
34.6%; grade 3/4, 4.9% vs 1.1%), arthralgia (any grade,
22.8% vs 15.8%; grade 3/4, 0.8% vs 0%), hypertension
(any grade, 22.8% vs 8.6%; grade 3/4, 8.7% vs 4.1%) and
atrial fibrillation (any grade, 15.6% vs 9%; grade %, 3.4%
vs 4.5%). Patients treated with acalabrutinib showed a
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higher incidence of headache (any grade, 34.6% vs 20.2%;
grade 3/4, 1.5% vs 0%) and cough (any grade, 28.9% vs
21.3%; grade 3/4, 0.8% vs 0.4%).

While there have been limited head-to-head clinical
trials of BTK inhibitors with other oral targeted agents,
specifically venetoclax, a recent network meta-analysis of
trials of frontline CLL therapies compared efficacy and
safety of three combinations: acalabrutinib plus obinutu-
zumab, ibrutinib plus obinutuzumab and venetoclax plus
obinutuzumab.**> With the limitations of a meta-analysis
report, the findings revealed no statistically significant
difference in AE rates among the three treatment cohorts.
As a comparison, a comprehensive pooled safety analysis
of venetoclax monotherapy in 350 patients with median
exposure to therapy of 16 months found that the most
common AEs of any grade were diarrhea (41%), neutro-
penia (40%), nausea (39%), anemia (31%), fatigue (28%)
and upper respiratory tract infection (25%).*> The most
common grade 3/4 AEs were neutropenia (37%), anemia
(17%) and thrombocytopenia (14%). Of the AEs, 10% led
to treatment discontinuation, which is comparable to treat-
ment discontinuation rates reported in patients treated with
acalabrutinib. While there are no significant differences in
frequency of AEs among treatment agents, a notable dis-
tinction is the higher incidence of neutropenia in veneto-
clax as compared to that seen in acalabrutinib.

Description of Cardiovascular and
Bleeding Events Observed in Clinical
Trials with BTK Inhibitors

While they are not the most common side effects or AEs
associated with BTK inhibitor therapy, it is paramount to
understand the potential for the cardiovascular and bleed-
ing events observed with this drug class. Atrial fibrillation
has been reported as a toxicity that is class-specific for
BTK inhibitors. The mechanism is not completely under-
stood; however, the increased frequency of atrial fibrilla-
tion during BTK inhibitor therapy is thought to be
mediated by the inhibition of the PI3K-Akt pathway as
there is a cross-talk between BTK and Tec and the PI3K-
Akt pathway, and a reduced PI3K signaling can lead to
increased susceptibility to atrial fibrillation.***® The rate
of atrial fibrillation varies according to the type of trial and
length of follow-up. A systemic review of ibrutinib-asso-
ciated atrial fibrillation from 16 studies with a median
follow-up of 18.32 months found that 8.15% of the
patients (190 of 2166) developed atrial fibrillation while

on therapy.” The final analysis of the RESONATE trial
found an incidence of any grade atrial fibrillation of 12%
in the patients randomized to ibrutinib (24 of 195), with
follow-up as long as 71 months.’

In current follow-up data, the incidence of atrial fibril-
lation in patients treated with acalabrutinib appears lower.
This is possibly a consequence of the more selective
kinase-inhibitory spectrum of this agent. A pooled analysis
of 610 patients on acalabrutinib revealed atrial fibrillation
episodes of any grade at a rate of 2.3%.*” In patients with
relapsed/refractory CLL receiving therapy with acalabru-
tinib in the ASCEND trial, there was a 6% frequency of
atrial fibrillation (9 of 154), reported at a median follow-up
of 22 months.? In patients receiving frontline therapy with
acalabrutinib in the ELEVATE-TN trial, the incidence of
atrial fibrillation was 4% (7 of 179) in patients receiving
treatment with acalabrutinib as monotherapy, 3% (6 of
178) in patients receiving acalabrutinib-obinutuzumab
and 1% (1 of 169) in patients receiving obinutuzumab-
chlorambucil, at a median follow-up of 28.3 months.**

Another cardiovascular toxicity observed in patients
receiving BTK inhibitors is the developing of hypertension,
or the worsening of a pre-existing hypertension. A retro-
spective analysis at the Ohio State University that evaluated
patients with lymphoid malignancies treated with ibrutinib
found that 78% developed new or worsened hypertension as
defined by systolic blood pressure >130 mmHg.*® For the
patients that were without hypertension at start of ibrutinib
treatment (n=215), 71.6% developed new hypertension,
with a mean increase in systolic blood pressure of 13.4
mmHg. Similarly, a recent report of 8-year long-term fol-
low-up of ibrutinib on the pivotal PCYC-1102 study found
that 28% of 132 patients had grade 3 or higher hyperten-
sion, defined as blood pressure >160/100.*'

A pooled analysis of 762 patients across four clinical
trials with acalabrutinib monotherapy revealed hyperten-
sion in 9% of the patients, with the majority having prior
history of hypertension (69% of patients).*” A recent
report on ACE-CL-001 trial assessing long-term acalabru-
tinib safety and tolerability data in treatment-naive patients
found that hypertension of any grade was reported in 22%
of the patients, and half of these events were grade >3 or
higher.>°

Bleeding/hemorrhage is one other potential complica-
tion of interest to be conscientious of when patients are on
BTK inhibitor therapy. Most bleeding events are minor
grade and do not require dose adjustments or discontinua-
tion of therapy. In a 3-year follow-up of patients receiving
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single-agent ibrutinib, 61% of the patients had a bleeding
AE.>! Of these, 48% were grade 1, 5% grade 2, 7% grade
3 and 1% grade 5. The most commonly reported terms that
contributed to bleeding rate were contusion and petechiae.
Bleeding/hemorrhage events are similarly seen during
therapy with acalabrutinib. The recently reported pooled
analysis of 1040 patients on acalabrutinib found 46% of
AEs related to hemorrhage events and included contusion
(n=226, 22%), petechiae (n=11, 11%), epistaxis (n=73,
7%), ecchymosis (n=66, 6%) and increased tendency to
bruise (n=55, 5%).* Of the reported bleeding events, only
3% were grade 3 or higher. Of the major hemorrhage
events, 43% occurred in patients on concurrent anticoagu-
lation or antiplatelet therapy.

Clinical Management of Patients on

Acalabrutinib
In the shift to oral targeted therapies for CLL, patient
tolerability and compliance is crucial to obtaining efficacy
and maximum benefit of therapy. Thus, appropriate under-
standing of clinical management of potential AEs of aca-
labrutinib is important. A thorough history and
understanding of a patient’s comorbidities and risk factors
for cardiovascular disease is necessary. This assessment
may include a baseline electrocardiogram and echocardio-
gram for patients with cardiovascular risk factors. Patients
should be counseled on interventions that help mitigate
risk of atrial fibrillation including smoking cessation, alco-
hol and caffeine intake reduction, weight loss in setting of
obesity, logging of blood pressure and controlling blood
sugar. Encouraging a regular exercise routine in accor-
dance with the American Heart Association (150 minutes
of moderate aerobic activity per week or 75 minutes of
vigorous aerobic activity per week) may be a reference
point for exercise goals.>>

If atrial fibrillation occurs during acalabrutinib therapy,
consultation with a cardiologist, or an onco-cardiologist if
available, is recommended to help formulate management
plan utilizing CHA,DS,-VASc scores for risk of stroke.
Acalabrutinib therapy may need to be continued or inter-
rupted depending on the severity of atrial fibrillation and
risk for cardiovascular event. For rate and rhythm control,
it is important to consider that CYP3A4 inhibitors (ie,
diltiazem, verapamil and amiodarone) interact with aca-
labrutinib and can increase its serum concentration. Thus,
betablockers are preferred agents for rate/rhythm control.
effects of BTK inhibitors,

Given the antiplatelet

recommendation is to reserve use of anticoagulation for
setting of higher risk of stroke (CHA,DS,-VASc >2) as
addition of anticoagulant increases the risk of adverse
bleeding events. Recommended agents include low-dose
apixaban at 2.5 mg twice daily or enoxaparin at standard
dosing. In patients with high CHA,DS,-VASc scores, an
in-depth discussion of the risks and benefits of continua-
tion of treatment with acalabrutinib needs to be conducted
by a multidisciplinary team.

For optimal management of the increased bleeding risk
associated with acalabrutinib, it is vital to hold acalabruti-
nib therapy in the setting of procedural interventions. For
minor procedures, acalabrutinib should be held three days
before and after. For major surgical procedures, this win-
dow should increase to 7 days before and after. In the
setting of any new or recurrent bleeding, acalabrutinib
needs to be held until hemostasis has been achieved.
Following major spontaneous bleeding events in the
absence of other risk factors, assessment needs to be
done if acalabrutinib therapy is safe to resume or if switch
to alternative class of therapeutic agents is appropriate.
Patients should be advised to avoid non-essential over-
the-counter medications that also carry bleeding risk,
including aspirin, non-steroidal anti-inflammatory medica-
tions and fish oils.

In addition to the management of the potentially more
serious AEs, there are supportive care considerations to
have for the more common, albeit less severe toxicities.
For the most common AE of headache, patient reassurance
is key as studies revealed these events to be more self-
limited in the early weeks to months of treatment. Patients
can be advised to take caffeine or acetaminophen if
needed. For arthralgias, there are limited data supporting
specific pharmacologic intervention. Steroids and non-ster-
oidal anti-inflammatory medications should be used with
caution due to immunosuppressive and bleeding risks
without consistent improvement in case studies where
they have been utilized for this purpose. Due to potential
for increases in serum uric acid levels as cells lyse with
therapy, it is appropriate for patients to continue uric acid
reducing medications to prevent complications of gout,
while white counts remain elevated at the beginning of
therapy. In addition, dose reduction can be considered in
patients with arthralgias.>® For diarrhea and gastro-intest-
inal distress, as symptoms are often grade 1 or 2, suppor-
tive care with avoidance of dietary triggers and use of
antimotility agents is appropriate. During severe episodes,
a short treatment hold and then retrial is reasonable. For
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dermatologic eruptions, if not severe, supportive care with
topical steroids is effective. Overall, patient understanding
and proactive measures for prevention and management of
side effects are key for mitigating potential complications
during therapy.

Besides the development of AEs, another potential
factor that may hamper patients’ compliance is the twice
daily administration schedule of acalabrutinib. However, it
has been shown that patient-specific clinical factors, rather
than regimen-specific factors, mainly predict the adher-
ence to oral targeted therapy in the real-world setting.>*
Finally, it is worth mentioning that, unlike ibrutinib, for
patients taking acalabrutinib, the co-administration with
proton pump inhibitors needs to be avoided, in order to
maintain the correct absorption of the drug.

Infectious Risk in Patients Treated
with Acalabrutinib

The tumor microenvironment of CLL is known to create
aberrations in innate and adaptive immune responses,
resulting in an increased risk of infection.’>® Infection
prevention and management are, therefore, important
aspects of caring for a CLL patient population, and thus
examination on acalabrutinib’s effect on immunosuppres-
sion and infection risk over time is warranted. In an
updated review of phase II trial of acalabrutinib monother-
apy in relapsed/refractory CLL, of the grade 3 or higher
AEs reported, neutropenia occurred at frequency of 14%
and pneumonia at 11%.%®

It is important to consider the immune suppression that
BTK inhibitors may inadvertently pose through their activ-
ity profile. An in vitro study designed to assess the BTK
inhibition on immune response to fungal infection found
that exposure to ibrutinib and acalabrutinib reduced sig-
naling pathways activated by Aspergillus fumigatus deter-
mining an exacerbation of an immunosuppressive
signature, a reduction of phagocytosis and a significant
deficit in the secretion of inflammatory cytokines either
in macrophages and monocytes.”’ An additional study
assessing the immune effects of BTK inhibitors found
that ibrutinib targets BTK expressed by CLL-associated
monocyte/macrophage cell population (also known as
nurse-like cells, NLC) accentuating their immunosuppres-
sive profile through up-regulation of M2 polarization mar-
kers and impairing the phagocytic activity.”® In a
retrospective analysis of patients receiving ibrutinib for
CLL or mantle cell lymphoma at Memorial Sloan

Kettering, an incidence of invasive fungal pneumonia at
37.2% was found.”® Another study following patients on
single-agent ibrutinib report 5 cases in 96 patients of
Pneumocystis jirovecii pneumonia (PJP).°® While it is
difficult to determine the exact incidence of fungal infec-
tions in the CLL population, cumulative data estimate that
the risk of fungal infection is between 0.5% and 18%
taking into account age, length of CLL diagnosis, and
number of prior therapies.®'

Given the more recent advent of acalabrutinib versus
ibrutinib, studies examining fungal and other infections in
this treatment population remain limited, and further
examination of the more selective inhibitors is needed to
better understand if the risks of infections might change
among different compounds. Overall, there are insufficient
data — to date - to strongly support the routine use of
antimicrobial prophylaxis in patients with CLL treated
with acalabrutinib and other BTK inhibitors, and practices
tend to vary across institutions. According to the 2021
NCCN guidelines, the recommendation is to consider
PJP and Varicella zoster virus prophylaxis, and to monitor
for fungal infections. Efforts have been made to determine
factors that might increase the risk of infections in patients
with CLL treated with BTK inhibitors,®? but more tools
are needed to better stratify the risk of these patients in
order to consider additional precautions or prophylaxis for
those who are at high risk. Also, the concomitant admin-
istration of an anti-CD20 monoclonal antibody needs to be
considered when assessing the infectious risk of the
patient.

Another aspect to consider is the effect of therapy on
immunoglobulin levels. A study reviewing two phase II
clinical trials of ibrutinib and acalabrutinib found that
median serum IgA levels increased by 41% and 42% 6
months after the initiation of ibrutinib and acalabrutinib
therapy, respectively.®® Ibrutinib therapy was previously
reported to lead in a slight decrease in serum IgG levels
with median reduction of 23% at 24 months, and no
significant difference from pretreatment levels of IgM.®*
For acalabrutinib, serum IgG and IgM levels did not sig-
nificantly change during therapy.®> Of the acalabrutinib
treated cohort, 30 of 41 patients (73.2%) developed a
total of 66 infections, including 58 (87.9%) grade 1-2, 7
(10.6%) grade 3 and 1 (1.5%) grade 4 infections. The rate
of infections during the first 6 months of treatment with
acalabrutinib was higher (12.5 infections per 100 patient
months) compared to that observed after 6 months of treat-
ment (6.1 infections per 100 patient months). While these
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findings continue to emphasize the infection frequency in
CLL even with treatment, the lack of significant suppres-
sion of immunoglobulin levels during acalabrutinib treat-
ment does not necessitate the need for gamma globulin
replacement as part of supportive care outside of standard
guidelines.

Mechanisms of Acalabrutinib

Resistance

Ibrutinib-treated patients may develop resistance to the
drug, which has been mainly attributed to the selection
of a clone carrying mutation of BTK or of its downstream
effector PLCG2.°>%" The most common resistance-caus-
ing BTK mutation consists in a cysteine to serine substitu-
tion at position 481 that decreases the binding affinity
between ibrutinib and the kinase. The mechanisms of
resistance to acalabrutinib have been less extensively
investigated; however, it is expected that they would be
similar to those reported in patients treated with ibrutinib,
given the shared binding of the two molecules to the C481
site. In the 2020 update of the ACE-CL-001 trial, among 9
patients who were longitudinally assessed for acquired
mechanisms of treatment resistance, 67% had a C481
BTK mutation at the time of progression and no PLCG2
mutations were detected.”® More data regarding acalabru-
tinib-resistance mechanisms are certainly needed, consid-
ering that these may be different to those observed with
ibrutinib, given the increased selectivity of acalabrutinib
and its possible longer BTK occupancy over time due to
twice-daily dosing.

Conclusion and Perspectives

In an emerging landscape of multiple approved treatments
for CLL, acalabrutinib has emerged as a viable therapy
option. As a second-generation BTK inhibitor, it has
shown efficacy and a favorable safety and toxicity profile.
Importantly, responses are observed in patients with high-
risk markers and in patients who had discontinued treat-
ment with ibrutinib because of intolerance.

As the CLL treatment options expand and we face
multiple agents and combinations of various agents
approved in both the frontline and refractory settings,
it is becoming relevant to create individualized treat-
ment plans. Several important factors should be con-
sidered and include What is the age of the patient?
What are their cardiovascular risk factors and infec-
tious risks? Does the patient have high-risk markers for

eventual resistance to therapy or transformation to
high-grade lymphoma? For certain patients, a dual or
triple therapy regimen may be appropriate with the
goal of reaching a deep response and allow treatment
discontinuation. Given the favorable toxicity profile
reported in patients with CLL treated with acalabruti-
nib as monotherapy or in combination with obinutuzu-
mab, several ongoing studies are evaluating
acalabrutinib in combination with the Bcl-2 antagonist

venetoclax and monoclonal antibodies.
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