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The B-cell receptor signaling pathway plays an integral role in the
proliferation and survival of malignant B cells. Targeting the B-cell re-
ceptor pathway via the inhibition of Bruton tyrosine kinase (BTK) has
evolved the treatment of a variety of B-cell malignancies, including
chronic lymphocytic leukemia, mantle cell lymphoma, marginal zone
lymphoma, and Waldenstréom macroglobulinemia. Currently, there are
three BTK inhibitors approved by the U.S. Food and Drug Administra-
tion: ibrutinib, acalabrutinib, and zanubrutinib. This article reviews the
pharmacology, clinical efficacy, safety, dosing, drug-drug interactions,
and implications for advanced practitioners of BTK inhibitors in the

treatment of B-cell malignancies.

argeting the B-cell recep-

tor (BCR) signaling path-

way has become an area

of interest in the develop-
ment of pharmacotherapy to treat B-
cell malignancies. The BCR pathway
plays a role in the growth, prolifera-
tion, and survival of normal and ma-
lignant B cells (Kenkre & Khal, 2012).
One of the essential enzymes in the
BCR signaling pathway is Bruton ty-
rosine kinase (BTK). Bruton tyrosine
kinase is downstream of BCR. Inhi-
bition of BTK can lead to the down-
stream mitigation of cell growth, pro-
liferation, adhesion, migration, and
survival of malignant B cells (Buggy
& Elias, 2012). Targeting the BCR sig-
naling pathway with BTK inhibitors
has dramatically evolved the treat-
ment of several B-cell malignancies,

including chronic lymphocytic leu-
kemia (CLL), mantle cell lymphoma
(MCL), marginal zone lymphoma
(MZL), and Waldenstrom macro-
globulinemia (WM). Currently, there
are three BTK inhibitors approved
by the U.S. Food & Drug Administra-
tion (FDA) for the treatment of B-cell
malignancies: ibrutinib (Imbruvica),
acalabrutinib (Calquence), and zanu-
brutinib (Brukinsa). Herein, we re-
view the pharmacology, efficacy, safe-
ty, dosing, administration, and place
in therapy for the BTK inhibitors for
the treatment of B-cell malignancies.

Ibrutinib is an oral, small-molecule
inhibitor of BTK that covalently
binds to the cysteine residue on the
active site of BTK (Pharmacyclics,
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2018). By blocking the enzymatic activity of BTK,
ibrutinib inhibits the proliferation and survival of
malignant B-cells. Ibrutinib is indicated for the
treatment of several B-cell malignancies, includ-
ing CLL, MCL, MZL, and WM (Table 1). Addition-
ally, ibrutinib is also approved for the treatment of
chronic graft-vs.-host disease after patients have
failed one or more lines of systemic therapy; how-
ever, this is outside the scope of this article. For the
treatment of CLL/SLL and WM, ibrutinib is dosed
as 420 mg orally once daily. Ibrutinib is dosed as
560 mg orally once daily for MCL and MZL.

Chronic Lymphocytic Leukemia/

Small Lymphocytic Lymphoma

Ibrutinib has been evaluated for the treatment of
CLL in numerous studies, both in the previously
untreated and relapsed/refractory settings.

The phase III RESONATE trial randomized
391 patients with relapsed/refractory CLL/SLL to
receive either ibrutinib 420 mg orally daily until
disease progression or ofatumumab (Kesimpta;
Byrd et al., 2014). Patients in the ibrutinib and
ofatumumab arms had received a median of three

Summary of FDA-Approved BTK Inhibitors

and two prior lines of therapy, respectively. Ibru-
tinib significantly prolonged the primary endpoint
of median progression-free survival (PFS) com-
pared with ofatumumab (44.1 vs. 8.1 months; haz-
ard ratio [HR], 0.148, 95% confidence interval [CI]
=0.113-0.196, p < .001). The 6-year follow-up data
of the trial demonstrated an overall response rate
(ORR) of 91% with ibrutinib (Munir et al., 2019).

Ibrutinib has been compared with chemoim-
munotherapy regimens in older patients with
previously untreated CLL in three phase III tri-
als: RESONATE-2, iLLUMINATE, and A041202.
The RESONATE-2 trial randomized 269 patients
who were 65 years of age or older with untreated
CLL to ibrutinib 420 mg orally daily until disease
progression or chlorambucil (Burger et al., 2020).
Patients with del17p were excluded. The primary
endpoint of PFS was significantly improved with
ibrutinib compared with chlorambucil (median,
not reached [NR] vs. 15.0 months; HR, 0.16, 95%
CI=10.2-194). As a secondary endpoint, ibrutinib
also improved the 5-year overall survival (OS) rate
compared with chlorambucil (83% vs. 68%; HR,
0.45,95% CI = 0.266-0.761).

Approved
indications

Dosage forms

Dosing and
administration

Warnings and
precautions

Ibrutinib

CLL/SLL

CLL/SLL with 17p deletion

WM

MCL in patients who have

received at least one prior

therapy

e MZL in patients who require
systemic therapy and have a
received at least one prior anti-
CD20-based therapy

e Chronic GVHD

70-mg and 140-mg capsules; 140-
mg, 280-mg, 420-mg, and 560-mg
tablets

CLL/SLL and WM: 420 mg orally
once daily

MCL and MZL: 560 mg orally
once daily

Hemorrhage, infections, cytopenias,

cardiac arrhythmias, hypertension,
second primary malignancies,
tumor lysis syndrome, embryo-fetal
toxicity

Acalabrutinib

e MCL in patients who have
received at least one prior
therapy

e CLL/SLL

100-mg capsules

100 mg orally every 12 hours,
taken with or without food

Serious and opportunistic
infections, hemorrhage,
cytopenias, second
primary malignancies, atrial
fibrillation and flutter

Zanubrutinib

e MCL in patients who have
received at least one prior
therapy

80-mg capsules

160 mg orally twice daily or
320 mg orally once daily,
taken with or without food

Hemorrhage, infections,
cytopenias, cardiac
arrhythmias, embryo-fetal
toxicity

Note. CLL/SLL = chronic lymphocytic leukemia/small lymphocytic lymphoma; GVHD = graft-vs.-host disease;
MCL = mantle cell ymphoma; MZL = marginal zone lymphoma; WM = Waldenstrém macroglobulinemia.
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The iLLUMINATE trial randomized older pa-
tients (age > 65) or younger patients with coexist-
ing conditions with previously untreated CLL to
receive either obinutuzumab (Gazyva) and ibruti-
nib or obinutuzumab and chlorambucil (Moreno et
al., 2019). Median PFS was significantly prolonged
with obinutuzumab and ibrutinib compared
with obinutuzumab and chlorambucil (NR vs. 19
months; HR, 0.23, 95% CI = 0.15-0.37, p < .001). In
a subgroup analysis, patients with high-risk CLL-
related features (del17p, dell1lq, TP53 mutations, or
unmutated IgHV) also had significantly improved
PFS in the ibrutinib arm compared with chemoim-
munotherapy (median NR vs. 14.7 months; HR,
0.15,95% CI = 0.09-0.27, p < .00L).

The A041202 trial randomized 547 older pa-
tients (age > 65) with previously untreated CLL to
receive either ibrutinib, ibrutinib and rituximab,
or bendamustine and rituximab (Woyach et al.,
2018). The 2-year PFS was higher with both ibru-
tinib alone (87%; HR, 0.39, 95% CI = 0.26-0.58,
p < .001) and ibrutinib and rituximab (88%; HR,
0.38, 95% CI = 0.25-0.59, p < .001) compared with
bendamustine and rituximab (74%). The ORR with
ibrutinib, ibrutinib and rituximab, and bendamus-
tine and rituximab were 93%, 94%, and 81%, re-
spectively. No significant differences between PFS
and ORR between the two ibrutinib groups in the
trial were noted.

The open-label, randomized phase IIT E1912
trial evaluated ibrutinib plus rituximab to fluda-
rabine, cyclophosphamide, and rituximab (FCR)
for the treatment of previously untreated CLL in
patients 70 years of age or younger (Shanafelt et
al., 2019). Patients randomized to the ibrutinib-
containing arm received ibrutinib 420 mg orally
once daily until disease progression or toxicity and
rituximab once every 28 days for 6 doses. Patients
with del17p were excluded due to the historically
poor response this population has with FCR. The
primary endpoint was PFS; OS was a secondary
endpoint. A total of 529 patients were randomized
in this study. More patients achieved 3-year PFS
with ibrutinib plus rituximab compared with FCR
(89.4% vs. 72.9%; HR, 0.35, 95% CI = 0.22-0.56, p <
.001). 3-year OS was improved with ibrutinib plus
rituximab compared with FCR (98.8% vs. 91.5%;
HR, 0.17,95% CI = 0.05-0.54, p < .001). Patients in
each arm experienced similar rates of grade > 3
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adverse events (80.1% vs. 79.7%), but patients re-
ceiving ibrutinib and rituximab had fewer grade
> 3 infectious complications compared with pa-
tients receiving FCR (10.5% vs. 20.3%).

Mantle Cell Lymphoma

Ibrutinib’s approval for use in relapsed MCL is
based on the results of an open-label, random-
ized, phase III RAY trial that compared ibruti-
nib to temsirolimus for the treatment of patients
with relapsed/refractory MCL who had received
at least one prior chemoimmunotherapy regimen
(Rule et al., 2018). The primary endpoint of medi-
an PFS was significantly prolonged with ibrutinib
compared with temsirolimus (15.6 vs. 6.2 months;
HR, 045, 95% CI = 0.35-0.60, p < .0001). The ORR
was higher with ibrutinib than with temsirolimus
(77% vs. 46%, p < .0001). However, there was no
statistically significant difference between ibruti-
nib and temsirolimus with respect to OS (30 vs. 24
months; p =.06).

Marginal Zone Lymphoma

Ibrutinib was evaluated for the management of
previously treated MZL in an open-label phase 1T
trial (Noy et al., 2017). Patients received ibrutinib
560 mg orally once daily until disease progres-
sion or intolerable toxicity. Eligible patients had
to have received at least one prior line of therapy,
including at least one line of therapy consisting of
anti-CD20 monoclonal antibody-based therapy
(either as monotherapy or chemoimmunother-
apy). The primary endpoint was ORR. Second-
ary endpoints included duration of response and
PFS. A total of 63 patients were enrolled in the
study. Patients had received a median of two prior
lines of therapy. Forty-eight percent of patients
achieved a response with ibrutinib. At a median
follow-up of 19.4 months, the PFS was 14.2 months
and the median duration of response has not yet
been reached.

Waldenstrém Macroglobulinemia

The approval of ibrutinib for WM hallmarked the
first FDA approval of a drug for this rare hema-
tologic malignancy. Ibrutinib has been evaluated
for the treatment of WM in both the front-line
and relapsed/refractory settings. A single-arm,
phase II trial evaluated ibrutinib 420 mg orally
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daily in 63 patients with previously treated WM
(Treon et al., 2015). Patients had received a medi-
an of two prior lines of therapy. The primary ob-
jective of ORR was achieved in 90.5% of patients.
Following treatment with ibrutinib, median se-
rum IgM levels decreased from 3,520 mg/dL to
880 mg/dL. The 2-year PFS and OS were 69.1%
and 95.2%, respectively.

Following the phase II results, ibrutinib was
then evaluated in a randomized phase III trial in
patients with previously untreated WM (Dimo-
poulos et al., 2018). A total of 150 patients were
randomized to receive either ibrutinib plus ritux-
imab or rituximab plus placebo. The 30-month
PFS rate was significantly improved with ibrutinib
and rituximab compared with rituximab and pla-
cebo (82% vs. 28%; HR, 0.20, p <.001). The median
OS has not been reached in either group. The ORR
was significantly higher with ibrutinib plus ritux-
imab compared with rituximab alone (92% vs.
47%; p < .001). The addition of ibrutinib to ritux-
imab was also associated with a lower incidence of
grade 3/4 infusion-related reactions (1% vs. 16%)
and IgM flare (8% vs. 47%).

Acalabrutinib is an oral, potent, highly selective,
second-generation, covalent BTK inhibitor (As-
traZeneca Pharmaceuticals LP, 2019). Compared
with ibrutinib, acalabrutinib exerts greater selec-
tivity for BTK than other, off-target kinases such
as EGFR, TEC, and interleukin-2-inducible T-cell
kinase. Due to this difference in off-target effects,
it is thought that acalabrutinib may have a lower
frequency of adverse events associated with off-
target inhibition of non-BTK kinases compared
with ibrutinib. Acalabrutinib is currently FDA ap-
proved for CLL/SLL and MCL for patients who
have had at least one prior line of therapy. The
recommended initial dose of acalabrutinib is 100
mg orally twice daily.

Chronic Lymphocytic Leukemia/

Small Lymphocytic Lymphoma

The phase IIT ELEVATE-TN trial evaluated aca-
labrutinib in patients with treatment-naive CLL
(Sharman et al., 2020). Patients were randomized
to receive either acalabrutinib, acalabrutinib plus
obinutuzumab, or chlorambucil plus obinutuzum-
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ab. Patients randomized to the acalabrutinib arms
received acalabrutinib 100 mg orally twice daily
until disease progression or intolerable toxicity.
The primary endpoint was PFS; median OS was a
secondary endpoint. A total of 535 patients were
randomized in this trial. Acalabrutinib plus obinu-
tuzumab significantly prolonged PFS compared
with chemoimmunotherapy (median NR vs. 22.6
months; HR, 0.10, 95% CI = 0.06-0.17, p < .0001).
Acalabrutinib monotherapy also led to signifi-
cant prolongation of PFS over chlorambucil plus
obinutuzumab (median NR vs. 22.6 months; HR,
0.20, 95% CI = 0.13-0.30, p < .0001). Median OS
was NR in any groups.

The phase III ASCEND trial evaluated aca-
labrutinib compared with investigator’s choice
in patients with relapsed/refractory CLL (Ghia
et al.,, 2019). Patients were randomized to receive
either acalabrutinib 100 mg orally twice daily (n =
155) or to either rituximab and idelalisib (Zydelig;
n = 119) or rituximab and bendamustine (n = 36).
Acalabrutinib significantly prolonged the primary
endpoint of PFS compared with the control treat-
ment (median NR vs. 16.5 months; HR, 0.31, 95%
CI = 0.20-0.49, p < .0001). Median OS has not
been reached for either group. The ORR was not
significantly different between acalabrutinib and
the control group (81% vs. 75%; p = .22). A signifi-
cantly higher proportion of patients experienced
treatment discontinuation due to an adverse event
with idelalisib compared with acalabrutinib (49%
vs. 11%). The ASCEND trial is an important study,
as it is one of the first to compare head-to-head
two different small-molecule inhibitors in CLL
(idelalisib and acalabrutinib).

Mantle Cell Lymphoma

The ACE-LY-004 trial was an open-label, single-
arm, phase II study that evaluated the efficacy
and safety of acalabrutinib for the treatment of
relapsed/refractory MCL (Wang et al., 2018).
Patients received acalabrutinib 100 mg orally
twice daily until disease progression or intoler-
able toxicity. Included patients had to relapse
after or have refractory disease to at least one
prior therapy and could have had up to five prior
lines of treatment. The primary endpoint was
ORR. Secondary endpoints included PFS and
OS. A total of 124 patients were enrolled in this
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study. Patients had a median of two prior lines of
treatment. An overall response was achieved in
100 patients (81%); complete response (CR) was
achieved in 49 patients (40%). At the median fol-
low-up of 15.2 months, OS and PFS had not yet
been reached. At 12 months, OS and PFS were
87% (95% CI = 79%-92%) and 67% (95% CI =
58%-75%), respectively. The authors concluded
that a high proportion of patients with relapsed/
refractory MCL responded to acalabrutinib.

Zanubrutinib is a second-generation, small-mole-
cule inhibitor of BTK. It inhibits BTK activity by
forming a covalent bond with a cysteine residue
in the BTK active site, similar to the mechanisms
of action of ibrutinib and acalabrutinib (BeiGene
USA Inc., 2019). Zanubrutinib is currently ap-
proved for the treatment of adult patients with
MCL who have received at least one prior line
of therapy. This indication is currently under ac-
celerated approval by the FDA based on the ORR
observed in an open-label, single-arm, phase II
trial. Zanubrutinib is dosed as either 160 mg orally
twice daily or 320 mg orally once daily.

Mantle Cell Lymphoma

The approval of zanubrutinib for the treatment of
relapsed/refractory MCL is based on the results of
an open-label, single-arm, phase II trial (Song et
al., 2019). Patients received zanubrutinib 160 mg
orally twice daily until disease progression or in-
tolerable toxicity. The primary endpoint was ORR;
a key secondary endpoint was PFS. A total of 86
patients were included in the study. Patients had
received a median of two prior lines of therapy.
The ORR was 84.7% and the CR rate was 76.5%.
The median PFS was 16.7 months. The authors
concluded that zanubrutinib was highly active in
the treatment of relapsed/refractory MCL.

Bleeding and Hemorrhage

One of the most common adverse events asso-
ciated with the BTK inhibitors is bleeding. In-
creased risk of bleeding with the BTK inhibitors
occurs from both on-target and off-target effects
(Stephens & Byrd, 2019). BTK plays a role in gly-
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coprotein-mediated platelet signaling, adhesion,
and aggregation (Liu et al., 2006). Inhibition of
BTK can thereby lead to the inhibition of platelet
aggregation. With ibrutinib, the off-target effect of
TEC kinase inhibition can also play a role in caus-
ing bleeding.

Use of concomitant antithrombotic agents
with BTK inhibitors can further increase the risk
for major bleeding. This can pose a therapeutic
challenge particularly as there is an increased risk
for atrial fibrillation with BTK inhibitors that can
warrant stroke prophylaxis. Concomitant use of
warfarin should be avoided with BTK inhibitors;
this is a common exclusion criterion in many BTK
inhibitor clinical trials, as the concomitant use of
warfarin with ibrutinib can increase the risk for
subdural hematomas (Wang et al., 2013).

Due to the disruption of platelet aggregation
by BTK inhibitors, it is recommended that all BTK
inhibitors be held for at least 3 to 7 days before and
after surgery.

Atrial Fibrillation

Therapy with ibrutinib, acalabrutinib, and zanu-
brutinib can increase the risk for the development
of atrial fibrillation. Risk factors for developing
atrial fibrillation with BTK inhibitors include his-
tory of hypertension, history of cardiac arrhyth-
mias, and acute infection (AstraZeneca Pharma-
ceuticals LP, 2019; Pharmacyclics, 2018).

Ibrutinib-induced atrial fibrillation has been
reported to occur in up to 10% of patients; how-
ever, the incidence has been variable in clini-
cal trials, likely owing to differences in patient
populations and ages, as the risk of atrial fibrilla-
tion with ibrutinib increases with age (Stephens
& Byrd, 2019). The median time to onset is 2.8
months with ibrutinib. The prevalence of this ad-
verse event is the highest in the first 3 months of
treatment; however, events have been reported to
occur later in therapy.

Atrial fibrillation with ibrutinib may occur
secondary to off-target cardiac phosphoinositide
3-kinase inhibition (Stephens & Byrd, 2019). The
incidence of atrial fibrillation appears to be higher
with ibrutinib compared with acalabrutinib and
zanubrutinib; however, this has yet to be validated
in head-to-head prospective, randomized, con-
trolled trials.
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If atrial fibrillation occurs with a BTK inhibi-
tor, multidisciplinary collaboration with cardiol-
ogy should be pursued. Rate and rhythm control
should be instituted as clinically necessary. An-
tithrombotic prophylaxis should also be consid-
ered in patients at a high risk for stroke. Given the
increased risk of bleeding and hemorrhage with
the BTK inhibitors, the benefit of antithrombotic
prophylaxis should be weighed against the risk
of serious bleeding and the need to continue the
BTK inhibitor and change to alternative therapy
for the underlying B-cell malignancy. Although
not validated in the setting of BTK inhibitor-in-
duced atrial fibrillation, scoring systems such as
CHA DS -VASc and HAS-BLED can be used to
determine the risk of thrombosis and the risk of
bleeding, respectively.

Hypertension

The development of hypertension has been re-
ported with the BTK inhibitors. All-grade and
high-grade hypertension have been reported to
occur in up to 19% and 8% of patients, respective-
ly, receiving ibrutinib (Pharmacyclics, 2018). The
prevalence of ibrutinib-induced hypertension ap-
pears to increase over time (Coutre et al., 2019).
High-grade hypertension has been reported in 2%
and 3.4% of patients receiving acalabrutinib and
zanubrutinib, respectively (BeiGene USA Inc.,
2019; Sharman et al., 2020).

A recent, large retrospective analysis (n = 562)
conducted by Dickerson and colleagues (2019)
found that 78% of patients initiating ibrutinib
developed new or worsening hypertension. New
or worsening hypertension secondary to ibruti-
nib was also associated with an increased risk of
major adverse cardiovascular events (Dickerson
et al., 2019). Given this potential for cardiovascu-
lar morbidity, it is important to monitor for and
manage BTK inhibitor-induced hypertension
appropriately. Patients receiving a BTK inhibi-
tor should have their blood pressure assessed at
baseline and periodically throughout treatment.
If hypertension develops in the setting of BTK
inhibitor therapy, it should be managed with an-
tihypertensives. There is no single antihyperten-
sive drug class preferred in this setting and selec-
tion can be based on other patient-specific factors
such as comorbidities.
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Infectious Complications

Ibrutinib, acalabrutinib, and zanubrutinib all
have warnings regarding the risk of serious bac-
terial, fungal, and viral infectious complications.
Opportunistic infections including hepatitis B
reactivation, Pneumocystis jirovecii pneumonia,
cytomegalovirus, progressive multifocal leukoen-
cephalopathy, Epstein-Barr virus reactivation, and
fungal pneumonias have been reported in patients
receiving BTK inhibitors. The mechanism of this
adverse event has been most well-described with
ibrutinib. Infectious complications with ibrutinib
may occur from mechanisms such as off-target in-
terleukin-2-inducible T-cell kinase inhibition that
impairs immune function, inhibition of natural
killer cell antibody-dependent cellular cytotoxic-
ity, or reduced macrophage phagocytosis (Borge et
al., 2015; Dubovsky et al., 2013; Kohrt et al., 2014).

A recent meta-analysis reported an increased
risk of both all-grade and grade 3 to 5 infectious
complications in patients with B-cell malignan-
cies taking ibrutinib compared with controls in
randomized, controlled trials (Ball et al., 2020).
Despite this risk, there are currently no standard
guidelines or recommendations for routine anti-
microbial prophylaxis in patients receiving BTK
inhibitors. Immunocompromised patients or pa-
tients on long-term corticosteroids are at an in-
creased risk for opportunistic infections such as
Pneumocystis pneumonia and may benefit from
anti-Pneumocystis prophylaxis while receiving
BTK inhibitor therapy. Additionally, patients at an
increased risk of infections taking zanubrutinib
may also be considered for herpes simplex virus
prophylaxis (BeiGene USA Inc., 2019).

Patients receiving a BTK inhibitor should be
monitored for infectious complications through-
out treatment. In the event of a serious grade 3
or 4 infectious complication, temporarily holding
BTK inhibitor therapy should be considered until
resolution of the infection.

Dermatologic Toxicity

Cutaneous adverse events have been reported
with the BTK inhibitors and has been best de-
scribed with ibrutinib (Iberri et al., 2016). Rash
with ibrutinib is most likely to occur due to some
of the off-target effects specific to ibrutinib, as it
can also inhibit epidermal growth factor receptor
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(EGFR), which is located in the skin. There are
two distinct types of rashes with ibrutinib: a non-
palpable, asymptomatic petechial rash and a pal-
pable, eruptive rash with pruritic papules that can
mimic leukocytoclastic vasculitis. Management of
dermatologic toxicity with BTK inhibitors should
be dependent on the severity, extent, and charac-
teristics of the rash. Mild-to-moderate rashes can
likely be managed with topical antihistamines and
corticosteroids. Severe and extensive rashes may
require oral antihistamines, systemic corticoste-
roids, and BTK inhibitor therapy interruption or
dose reductions.

Headaches

Headaches are one of the most common adverse
events associated with acalabrutinib, occurring in
up to 40% of patients (AstraZeneca Pharmaceuti-
cals LP, 2019). Most instances of headaches with
acalabrutinib will be low grade; severe headaches
do not occur commonly (~1%). Acalabrutinib-in-

Drug-Drug Interactions With BTK Inhibitors

Concomitant drug
lbrutinib Moderate CYP3A inhibitors

Voriconazole 200 mg twice daily

duced headaches are typically self-limiting and will
resolve within the first 1 to 2 months of therapy.
Patients can be offered supportive care with acet-
aminophen and caffeine supplements. Nonsteroi-
dal anti-inflammatory drugs should be avoided due
to the potential for increased risk of bleeding.

Drug-Drug Interactions
Ibrutinib, acalabrutinib, and zanubrutinib are all
cytochrome P450 (CYP) 3A substrates and are all
subject to drug-drug interactions with CYP3A in-
hibitors and inducers. This is especially important
if atrial fibrillation is to occur, as some rate-con-
trol agents, specifically diltiazem and verapamil,
are moderate CYP3A inhibitors and concomitant
use will warrant a dose reduction of the BTK in-
hibitor. Recommendations for dose adjustments
and management of drug-drug interactions with
BTK inhibitors are described in Table 2.
Acalabrutinib also requires an acidic gastric
environment for proper solubility. As the gastric

Recommended mitigation strategy
Decrease ibrutinib to 280 mg once daily.

Decrease ibrutinib to 140 mg once daily.

Posaconazole suspension 100-400 mg daily

Posaconazole suspension 600-800 mg daily

Posaconazole IV 300 mg once daily
Posaconazole DR tablets 300 mg daily

Other strong CYP3A inhibitors

Strong CYP3A inducers
Moderate CYP3A inhibitor
Strong CYP3A inhibitor

Acalabrutinib

Strong CYP3A inducer

Proton pump inhibitor

Histamine-2 receptor antagonist

Antacid

Zanubrutinib Moderate CYP3A inhibitors
Strong CYP3A inhibitors
Moderate and strong CYP3A inducers

Note. CYP = cytochrome P450; DR = delayed-release.
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Decrease ibrutinib to 70 mg once daily.

Avoid concomitant use. Interrupt ibrutinib with
short-term therapy (< 7 days).

Avoid concomitant use.
Decrease acalabrutinib to 100 mg once daily.

Avoid concomitant use. Interrupt acalabrutinib
with short-term therapy (< 7 days).

Avoid concomitant use. If unable to avoid
combination, increase acalabrutinib to 200 mg
twice daily.

Avoid concomitant use.

Take acalabrutinib 2 hours before taking
histamine-2 receptor antagonist.

Separate dosing of acalabrutinib and antacids by
at least 2 hours.

Decrease zanubrutinib to 80 mg twice daily.
Decrease zanubrutinib to 80 mg once daily.

Avoid concomitant use.
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pH increases, the solubility of acalabrutinib de-
creases. Coadministration with a proton pump
inhibitor has been shown to decrease the area
under the curve of acalabrutinib by approximate-
ly 43%. It is recommended to avoid concomitant
administration of proton pump inhibitors with
acalabrutinib. Patients should take acalabruti-
nib 2 hours before taking histamine-2 receptor
antagonists. Antacids and acalabrutinib adminis-
trations should be spaced out by at least 2 hours
from each other.

The BTK inhibitors represent an important class
of medications that have added significantly to
the armamentarium of therapeutic agents avail-
able to treat several different types of B-cell ma-
lignancies. Patients receiving BTK inhibitors will
be taking these medications until disease progres-
sion or intolerable toxicity, so there is a potential
that patients will be on treatment for a prolonged
duration of time. It is important that advanced
practitioners treating patients with BTK inhibi-
tors be familiar with their safety profiles, manage
adverse events accordingly, manage drug-drug in-
teractions appropriately, and assist patients with
adherence so that therapy can be optimized for
patients to achieve the best therapeutic outcomes
for their B-cell malignancy.
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