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BTK inhibitors approved in Canada
for CLL: Strategies for adverse event
management

by Nicole Dunse, Irena Hibbert, Sarah Doucette, Anna Christofides

ABSTRACT

Bruton tyrosine kinase (BTK) inhibitors are an effective therapy for the treatment of chronic lympho-
cytic leukemia (CLL), particularly in patients who present with high-risk features. The first-in-class BTK
inhibitor, ibrutinib, is generally tolerable. However, unique adverse events (AEs) of concern, including
cardiovascular toxicity and bleeding have been observed, prompting the development of next-generation
inhibitors, such as acalabrutinib, with an improved safety profile. Nevertheless, as BTK inhibitors are
given as a continuous therapy, and therapy interruptions have been associated with decreased efficacy,
appropriate management of AEs related to any agent within this class is critical for optimizing out-
comes. This paper will serve as a learning resource for Canadian oncology nurses on the BIK inhibitors
currently approved in Canada for the treatment of CLL. It includes a description of the unique safety
profiles of the BTK inhibitors and suggests strategies for monitoring and managing related AEs.

BACKGROUND

hronic lymphocytic leukemia (CLL) is the most common adult leukemia in Canada, with

approximately 1,600 Canadians being diagnosed each year (Ellison, 2016; Statistics Canada,
2021). It is characterized by the accumulation of mature CD5-positive B-cells in the blood,
bone marrow, and tissues (Hallek, 2017). CLL predominantly occurs in older individuals, with a
median age of diagnosis between 67 and 72 years (Hallek, 2017).

There is a wide variance in the natural course of disease between patients with CLL. On one
extreme, some cases of CLL will be in an indolent, non-symptomatic state over long periods of
time, not requiring treatment. On the other extreme, patients may have symptomatic, rapidly
progressing disease requiring immediate treatment. Patients with indolent, non-symptomatic
disease may be followed by “active surveillance” (also called watchful waiting), where the patient
is monitored for progression to symptomatic disease requiring treatment. The International
Working Group on CLL (iwCLL) outlines criteria for the initiation of CLL treatment based on the
presence of active disease indicators (Hallek et al., 2018).
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Box 1. International Working Group on CLL criteria for

treatment initiation

Treatment should be initiated in CLL patients with one

or more of the following indicators of active disease

(Hallek et al., 2018):

« Anemia (Hgb <10 g/dL)

« Thrombocytopenia (platelet count <100 x 10° cells/L)
if not stable over a long period

 Bulky disease (spleen =6 cm below costal margin,
lymph nodes =10 cm) or progressive or symptomatic
splenomegaly or lymphadenopathy

« Progressive lymphocytosis (=50% over 2 months or
lymphocyte doubling time of less than 6 months)

+ Autoimmune complications including anemia
or thrombocytopenia poorly responsive to
corticosteroids

» Symptomatic or functional extranodal involvement
(e.g., kidney, skin, lung, spine)

« Disease-related symptoms (unintentional weight loss
>10% within past 6 months, significant fatigue, fever
of 38.0° and/or night sweats for more than 2 weeks
without evidence of infection)

Treatment selection must consider several patient fac-
tors, such as performance status, comorbidities, and patient
preference (Milne et al., 2020). Disease factors also play an
important role in treatment selection, as they can inform
prognosis and response to treatment. These include factors
such as whether patients have unmutated immunoglobulin
heavy chain variable region (IGHV), deletions of chromo-
some 17p (del[17p]), and mutations in the tumour suppressor
53 (TP53) gene, which are all associated with poorer prog-
nosis and outcomes with chemoimmunotherapy regimens
(Banerji et al., 2020).

Therapies that target the B-cell receptor signaling pathway,
which is dysregulated in CLL, offer an alternative to chemo-
immunotherapy that is more effective in patients with these
poor prognostic factors (Banerji et al., 2020). The first of these
targeted therapies was ibrutinib, which was initially approved
in 2014 for the treatment of CLL in the relapsed setting or for
those with treatment-naive CLL with del(17p) (Rozovski et al.,
2018). Ibrutinib is an orally bioavailable inhibitor of Bruton
tyrosine kinase (BTK)—a Tec family protein kinase that is fre-
quently overexpressed in CLL cells and that functions down-
stream of the B-cell receptor to help regulate B-cell growth
and survival (Niiro & Clark, 2002). Ibrutinib, administered
continually until progression, has demonstrated improved
efficacy over chemoimmunotherapy in CLL trials, with a
generally tolerable, but unique safety profile (Moreno et al.,
2019; Shanafelt et al., 2019; Woyach et al., 2018). Relative to
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chemoimmunotherapy, this includes an increase in diarrhea,
rash, arthralgias or myalgias, bleeding, and cardiovascular
events, which are thought to occur by “off-target” interactions
with cellular kinases other than BTK (Banerji et al., 2020).

Real-world studies have reported a discontinuation rate
for ibrutinib of 40%, with half of those discontinuations
being attributed to adverse events (AEs) (Mato et al., 2018).
Additionally, other real-world studies have found that treat-
ment interruptions caused by AEs were associated with worse
survival outcomes (Barr et al., 2017). Thus, improving the
safety profile of ibrutinib has been the driving force behind
the development of next-generation inhibitors with higher
BTK selectivity. Accordingly, acalabrutinib, another BTK inhib-
itor with higher target selectivity than ibrutinib, was approved
for use in Canada in November 2019, with several other BTK
inhibitors being investigated in clinical trials (Banerji et al.,
2020).

Given the current standard of care is to administer BTK
inhibitors continuously and interruptions in therapy due to
AEs can have negative clinical impacts, careful monitoring and
managing of AEs plays an important role in optimizing patient
outcomes. This review outlines the safety profile of BTK inhib-
itors that are approved for the treatment of CLL and suggests
strategies for monitoring and managing related AEs.

IBRUTINIB AND ACALABRUTINIB:
INDICATIONS AND DOSING

Ibrutinib and acalabrutinib are approved for patients with
CLL in both the first-line and relapsed setting (AstraZeneca
Canada Inc., 2019; Janssen Inc., 2021). (See Table 1). Approvals
for ibrutinib in the first-line setting, were based on four pivotal
phase III trials. The first of these trials, RESONATE-2, demon-
strated superiority of ibrutinib versus chlorambucil in extend-
ing progression-free survival (PFS) and overall survival (OS) in
CLL patients 65 years of age or older (Burger et al., 2019). Two
other trials in treatment-naive patients with CLL older than
65 years, iLLUMINATE and ALLIANCE, showed a PFS bene-
fit for ibrutinib in combination with anti-CD20 immunother-
apies (Moreno et al., 2019; Woyach et al., 2018). In these trials
respectively, improved PFS was observed for ibrutinib-obinu-
tuzumab compared with chlorambucil-obinutuzumab, and
for ibrutinib alone or in combination with bendamustine-rit-
uximab compared with bendamustine-rituximab. In younger
patients with CLL (aged less than 70 years), the Eastern
Cooperative Oncology Group 1912 trial demonstrated a signifi-
cantly longer PFS for ibrutinib-rituximab over standard of care
fludarabine-cyclophosphamide-rituximab (Shanafelt et al.,
2019).

Approval of acalabrutinib as monotherapy or in combi-
nation with obinutuzumab for first-line treatment of CLL
was based on results from the phase III ELEVATE-IN trial in



Table 1. Ibrutinib and acalabrutinib indications and dosing in CLL

Ibrutinib Acalabrutinib

Indications First-line setting: monotherapy or in combination with First-line setting: monotherapy or in combination with
obinutuzumab or rituximab obinutuzumab
Relapsed setting: monotherapy or in combination with Relapsed setting: monotherapy
bendamustine-rituximab

Dose 420 mg OD at approximately the same time each day 100 mg BID separated by approximately 12 hours

Administration

With or without food, with a glass of water, once daily.
Capsules should be swallowed whole with water, and should

With or without food and should be swallowed whole
with water at approximately the same time each day.

not be opened, broken, or chewed.

Capsules should not be chewed, dissolved, or opened.

Duration

Until disease progression or no longer tolerated

Until disease progression or unacceptable toxicity

Avoid coadministration with:
+ Strong CYP3A inhibitors
+ Strong CYP3A inducers

+ Warfarin and other vitamin K antagonists

Coadministration
considerations

Coadminister with caution with:
+ Drugs that prolong the PR interval

Reduce ibrutinib dose to 280 mg OD with:
« Moderate CYP3A inhibitors

Reduce ibrutinib dose to 140 mg OD with:

« Voriconazole

Take 6 hours before or after:

Avoid:

+ Grapefruit, Seville oranges

« Fish oil, flaxseed, and vitamin E preparations

+ Narrow therapeutic range BCRP and P-gp substrates

Avoid coadministration with:

+ Strong CYP3A inhibitors

+ Strong CYP3A inducers

+ Proton pump inhibitors (instead, use antacid or
H2-receptor antagonist 2 hours after acalabrutinib
administration)

Reduce acalabrutinib dose to 100 mg OD with:
« Moderate CYP3A inhibitors

BID, twice-daily; CYP3A, cytochrome P450 3A; OD, once-daily

patients 65 years of age or older or with coexisting conditions
(Sharman et al., 2020). This study showed a PFS improvement
for patients receiving these acalabrutinib-based regimens over
those in the chlorambucil-obinutuzumab arm.

Ibrutinib is indicated in the relapsed setting as monother-
apy or in combination with bendamustine-rituximab, based
on results from the phase III RESONATE and HELIOS stud-
ies (Byrd et al., 2017; Chanan-Khan et al., 2016), respectively,
while acalabrutinib is approved in this setting as monotherapy
based on improved outcomes observed in the ASCEND trial
(Ghia et al., 2020).

The dosing for ibrutinib and acalabrutinib have been deter-
mined based on BTK occupancy data. Ibrutinib is given once
daily at a dose of 420 mg, which represents three dose lev-
els above the dose achieving 95% or greater BTK occupancy
(Advani et al., 2013). Acalabrutinib is administered twice-daily
at a dose of 100 mg, based on superior BTK occupancy than
once-daily regimens (median occupancy: 97% when assessed
before dose administration on days 8 and 28) (Byrd et al.,
2016). Concomitant medications must also be considered for
BTK inhibitor dosing and administration, as strong CYP3A

inhibitors and inducers should be avoided, and specific dose
reductions may be required with coadministration of other
drugs (AstraZeneca Canada Inc., 2019; Janssen Inc., 2021).
(See Table 1).

IBRUTINIB AND ACALABRUTINIB: ADVERSE
EVENT PROFILES

Both ibrutinib and acalabrutinib function by covalently
binding the C481 residue in the ATP binding domain of BTK.
However, ibrutinib has a lower selectivity for BTK than acal-
abrutinib (Bond & Woyach, 2019; Kaptein et al., 2018). This
means that ibrutinib not only potently inhibits its intended
target, BTK, but it also strongly inhibits “off-target” protein
kinases to a larger extent than acalabrutinib does. Epidermal
growth factor receptor (EGFR)-family kinases and TEC-family
kinases are the major off-targets for ibrutinib, which are
thought, in part, to play a role in some of the adverse events
(AEs) associated with ibrutinib.

For example, diarrhea and rash have been reported to occur
at a rate of up to 65% and 27% of patients on ibrutinib therapy,
respectively, and are thought to partly be attributed to off-target
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inhibition of EGFR, as these AEs are a class effect of EGFR
inhibitors (Estupifidn et al., 2021). In the phase 3 ELEVATE-RR
trial, which is investigating the efficacy and safety of acalabru-
tinib compared with ibrutinib in patients with relapsed CLL,
acalabrutinib was associated with a lower incidence of diar-
rhea than ibrutinib (34.6% versus 46.0%, Table 2) (Byrd et al.,
2021). In addition, in a small trial of 33 patients with CLL who
are intolerant to ibrutinib, rash and diarrhea did not recur or
recurred at a lower grade after treatment with acalabrutinib in
75% and 100% of patients who discontinued ibrutinib due to
those AEs (Awan et al., 2019). Together these studies suggest
that although rash and diarrhea commonly occur in patients
treated with acalabrutinib, they occur less frequently and are
less severe than with ibrutinib.

Off-target inhibition of TEC and interleukin-2-inducible
T-cell kinase (ITK) have been suggested to contribute to ibruti-
nib-associated bleeding and infection, respectively (Estupifidn
et al.,, 2021). In the ELEVATE-RR trial, any bleeding event was
reported in 51% of patients on ibrutinib and 38% of patients
on acalabrutinib (Byrd et al., 2021). (See Table 2). However,
rates of infection appeared similar between arms, with both
arms reporting any grade and grade 3 or greater infection in
approximately 80% and 30% of patients respectively.

Although the mechanism of cardiovascular events associ-
ated with ibrutinib therapy are unclear, a decreased frequency
of these events has been reported with acalabrutinib compared
to ibrutinib in the ELEVATE-RR trial (Byrd et al., 2021). (See
Table 2). It is important to note that higher rates of both atrial
fibrillation and hypertension have been reported for ibrutinib
in real-world studies (up to 78% for hypertension) and with
longer follow-up (up to 20% for atrial fibrillation) (Ahn et al.,
2018; Cheung & Amitai, 2020; Dickerson et al., 2019), indi-
cating vigilant monitoring for these AEs should be continued
throughout BTK inhibitor treatment. Ventricular arrhythmias
and sudden deaths are another rare, but dangerous cardiac

AE associated with ibrutinib, although there has been no pub-
lished evidence of these events occurring in patients on acal-
abrutinib (Banerji et al., 2020; Lampson et al., 2017).

Other typically low-grade AEs that commonly occur with
BTK inhibitors include arthralgia/myalgia, and headache. In
the ELEVATE-RR trial, acalabrutinib was associated with a
lower incidence of arthralgia (16% versus 23%), but a higher
incidence of headache (35% versus 20%).

MANAGING SIDE EFFECTS FROM BTK
INHIBITORS

Side effects from cancer therapies may not only impact
quality of life and well-being of patients, but may also nega-
tively impact drug adherence and therapy continuation (Ruddy
et al., 2009). In CLL patients on ibrutinib therapy, dose delays
beyond eight days that are required for side effect resolution
have been associated with shorter PFS (Barr et al., 2017). In
addition, approximately 20% of CLL patients discontinue ibru-
tinib due to AEs (Mato et al., 2018). Therefore, effective educa-
tion, prevention, monitoring, and management of side effects
is important for optimizing outcomes for CLL patients on BTK
inhibitor therapy.

The types of side effects a patient on BTK inhibitor ther-
apy may experience can be divided into two broad categories:
frequent low-grade AEs and other AEs of interest. Frequent
low-grade AEs include diarrhea, rash and other dermatologic
symptoms, fatigue, arthralgias and myalgias, minor bleeding,
and headaches. These AEs are typically non-life threatening,
but can be very troubling to patients and can often result in
therapy discontinuation (Awan et al., 2019; Mato et al., 2018).
Other AEs of interest may occur less frequently, but may
require immediate intervention, are more serious, and/or have
the potential to be life threatening. These include cardiovascu-
lar effects, major bleeding, and infection.

Table 2. Frequency of selected adverse events of interest from the phase |1l ELEVATE-RR trial in relapsed/refractory CLL.

Acalabrutinib (n = 266) Ibrutinib (n = 263)

Events, % Any grade Grade 23 Any grade Grade 23
Diarrhea 34.6 NR 46.0 NR
Arthralgia 15.8 NR 22.8 NR
Headache 34.6 NR 20.2 NR
Atrial fibrillation 94 49 16.0 3.8
Ventricular tachyarrhythmias 0 0 04 04
Hypertension 9.4 41 23.2 9.1
Bleeding events 38.0 3.8 51.3 4.6
Major bleeding events 4.5 3.8 53 4.6
Infections 78.2 30.8 814 30.0

NR, not reported
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Frequent low-grade adverse events
Diarrhea

Diarrhea is characterized by an increase in frequency
and/or loose or watery bowel movements (National Cancer
Institute, 2017). The majority of diarrhea experienced by
CLL patients on BTK inhibitor therapy is either grade 1 or 2
in severity, that is, an increase of less than four stools per day
over baseline or an increase of 4-6 stools per day over baseline
with limitations to instrumental activities of daily living (ADL)
(National Cancer Institute, 2017). Onset of diarrhea is typically
within the first six months of therapy, and resolves within 6-20
days without dose modifications (Stephens & Byrd, 2019).

Patients should be educated on the frequency and tim-
ing of diarrhea and what to do should this side effect occur.
Patients can be advised to increase intake of non-caffeinated,
non-carbonated, non-alcoholic clear fluids to prevent dehy-
dration and maintain electrolyte balance (Canadian Cancer
Society, n.d.-a). Smaller and more frequent meals that consist
of low-fibre, high-calorie foods should be encouraged, while
foods that are high in fat, high in sugar, lactose-contain-
ing, acidic, spicy, and/or gas-producing should be avoided
(Canadian Cancer Society, n.d.-a). Anti-diarrheal medica-
tions, such as loperamide, could be recommended to patients
after consultation with their treating physician. As infections
are common in these patients, some situations may warrant
stool evaluation for common pathogens, for example, if diar-
rhea is accompanied with fever or abdominal discomfort
(Banerji et al., 2020). Although infrequent, grade 3 diarrhea
(=7 stools per day over baseline or need for hospitalization)
can occur and should be quickly brought to the attention of
the treating physician as a temporary hold of BTK inhibitor
may be required.

Rash and other dermatologic events

Bruising, petechia, and skin ecchymosis are among the
most common dermatologic events associated with BTK inhib-
itor therapy (Sibaud et al., 2020). They typically occur within
the first year of therapy, but can occur at a substantial rate
throughout treatment (Banerji et al., 2020). Patients should be
educated on the frequency of these minor bleeding events (up
to 40% of patients in BTK inhibitor studies) and be reassured
that it is not a predictor of developing a major hemorrhage
(Lipsky et al., 2015; Sibaud et al., 2020). Bruising is reversible
and can disappear spontaneously without intervention (De
Weerdt et al., 2017). It can be managed with the application of
ice and topical moisturizers (National Cancer Institute, 2018;
Sibaud et al., 2020).

Several types of skin rashes have been reported with BTK
inhibitor therapy, many of which require referral to a derma-
tologist who may prescribe topical corticosteroids and anti-
histamines to manage them (Sibaud et al., 2020). Generally,
BTK therapy-related rashes do not require dose modifica-
tions. However, in more severe cases (grade 3: rash covering
>30% of the body surface area and impacting self-care ASL),
temporary BTK inhibitor disruption may be useful (Banerji
et al., 2020; Iberri et al., 2018). Certain symptoms associated
with severe rash that may require permanent BTK inhibitor

discontinuation include: fever, facial edema, cutaneous detach-
ment with Dblisters or mucosal erosions, Nikolsky’s sign,
exfoliative rash, pustules, lymphadenopathy, or laboratory
abnormalities (Sibaud et al., 2020).

Rashes associated with BTK-inhibitor therapy include pru-
ritic or nonpruritic maculopapular rashes or acne-like rashes
(folliculitis) that generally occur within the first month of
therapy (Sibaud et al., 2020). Eczema-like rashes may also
occur, although usually later in therapy (Sibaud et al., 2020).
Anecdotally, eczema-like dry skin can frequently occur in the
fall, as the air becomes cooler and drier. While awaiting der-
matologic assessment, patients may find relief for pruritic
rashes by using over-the-counter remedies such as applying a
cold compress to the area or bathing in lukewarm water with
colloidal oatmeal (National Cancer Institute, 2019).

Patients may experience other skin ailments while on
BTK inhibitor therapy, such as dry skin and brittle nails that
are prone to cracking and splitting (Sibaud et al., 2020). Dry
skin can become itchy and inflamed and is best managed
with regular use of alcohol- and fragrance-free creams or
ointments applied to damp skin (e.g. after washing or show-
ering) (National Cancer Institute, 2019). Nail changes have
been reported to occur progressively with ibrutinib treat-
ment and may affect almost two-thirds of patients treated
(Bitar et al., 2016). Educating patients on preventative mea-
sures to avoid nail toxicity may be beneficial (Sibaud et al.,
2020). These include avoiding repeated trauma and exces-
sive pressure on nails (e.g. wearing comfortable wide-fitting
footwear) and trimming nails regularly. Other supportive
measures may include biotin supplementation, and appli-
cation of topical solutions such as ointments, hydrosoluble
nail lacquer, and poly-ureaurethane (Bitar et al., 2016; Sibaud
et al., 2020).

Fatigue

Fatigue, defined as a state of generalized weakness with
a pronounced inability to summon energy to complete daily
activities, is the most common symptom in patients diag-
nosed with cancer, as well as the most common side effect of
cancer treatment (Canadian Cancer Society, n.d.-b; National
Cancer Institute, 2017). Fatigue more commonly occurs
early after BTK inhibitor initiation and is self-limited. When
fatigue occurs early after treatment initiation it may be due in
part to the underlying disease and, thus, dose modifications
are typically not recommended (Lipsky & Lamanna, 2020).
Patients should be educated about the importance of physi-
cal activity, eating a well-balanced diet, staying hydrated, lim-
iting stress, and resting when needed to help combat fatigue
(Canadian Cancer Society, n.d.-b). When fatigue occurs later
in treatment, patients should be evaluated for other poten-
tial causes of the fatigue, with considerations for drug mod-
ifications if fatigue appears to be drug-related (Lipsky &
Lamanna, 2020).

Arthralgia/Myalgia

Discomfort and pain in joints (arthralgia) and muscles
(myalgia) typically occurs early in BTK inhibitor treatment
(median onset 135 days) and often resolves within a few
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months without therapy modification for patients with mild
symptoms that do not significantly impact daily living (Barr
et al., 2018; Rhodes et al., 2020; Stephens & Byrd, 2019). Non-
prescription pain relievers such as acetaminophen can be
recommended under the guidance of the treating physician.
However, anti-inflammatories (e.g., ibuprofen) should gener-
ally be avoided, as they have anti-platelet properties and thus
may add to the bleeding risk already associated with ibrutinib.
Patients can be educated on the benefits of mild stretching
and strengthening routines to improve symptoms, as well as
application of hot and cold compresses to aching areas. The
consumption of tonic water in the evening may also help to
decrease muscle cramping at night. Patients can take sodium,
potassium, and/or magnesium supplements if laboratory val-
ues suggest deficiencies in these electrolytes may be contrib-
uting to joint and muscle discomfort. Some patients may have
severe and persistent (beyond 6 months) arthralgia that can
impact quality of life and daily activities. In these patients,
a delay of BTK-inhibitor treatment up to one week, with a
reduced dose upon re-initiation of therapy may be considered
(Stephens & Byrd, 2019).

Headache

Frequent headaches appear to be a side-effect unique to
acalabrutinib therapy (Banerji et al., 2020). They are typically
low-grade, occur early in therapy, and resolve over 1-2 months
without dose modification (Badillo et al., 2020). Headaches
may occur at any time of day, including during sleep, and can
be easily managed with acetaminophen or caffeine. For unre-
solved, severe headaches, patients should seek emergency care
for evaluation (Badillo et al., 2020).

Other adverse events of interest
Major bleeding

Bleeding or hemorrhage, is an acute loss of blood from a
damaged blood vessel (Johnson & Burns, 2020). It can range in
severity from minor petechiae and ecchymosis caused by dam-
age to superficial blood vessels in the skin, or can be a severe
and life-threatening occurrence causing a range of ambigu-
ous symptoms including fluctuations in vital signs and mental
state (Johnson & Burns, 2020). BTK inhibitor therapy is associ-
ated with an increased risk of both minor and major bleeding,
which can occur at any location in the body and at any time
during BTK inhibitor treatment (median onset 310 days) (Barr
et al., 2018; Paydas, 2019).

The role of the nurse in managing major bleeding for CLL
patients on BTK inhibitor therapy is centred on education and
risk reduction. Patients can be educated on the increased risk
of major bleeding events associated with BTK inhibitors, and
the cumulative risks associated with concurrent anticoagula-
tion or antiplatelet therapy (Mock et al., 2018). Evaluation of
non-essential medications contributing to bleeding risk should
be performed with the intention of reducing or discontinu-
ing these drugs (e.g., non-steroidal anti-inflammatory drugs,
omega-3 fatty acids, vitamin E, Ginkgo Biloba). Patients should
also be informed to seek emergency care upon the signs and
symptoms of internal bleeding and hypovolemic shock which
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may include localized pain (e.g., head, chest, abdomen, back),
severe bruising, blood in vomit, urine, or stool, shortness of
breath, dizziness, altered mental state, thirst, decreased urina-
tion, cold, clammy skin, increased heart rate, and decreased
blood pressure (Johnson & Burns, 2020; Taghavi & Askari,
2020).

Nurses should inquire about any minor or major surgeries
that the patient has planned as BTK inhibitor treatment will
need to be interrupted for different time intervals depend-
ing on the procedure being done. In general, minor surgeries
require stopping BTK inhibitor therapy 3—4 days before and
after the procedure, whereas therapy delays up to one week
may be needed after major surgery (Abramson, 2019).

Hypertension

Hypertension, or high blood pressure, occurs when the
force of your blood pushing against the walls of your blood
vessels is consistently too high (American Heart Association,
2016b). This causes harm by increasing the workload of the
heart and blood vessels—making them work harder and less
efficiently. As the prevalence of hypertension increases over
the course of BTK inhibitor treatment (Coutre et al., 2019),
it is important that blood pressure is regularly monitored
throughout therapy. If patients have a blood pressure mon-
itor at home, they can be encouraged to check and log their
blood pressure at regular intervals and share this information
at appointments. Upon diagnosis of hypertension, antihyper-
tensive agents are effective in resolving this side effect with-
out the need for dose modifications (Stephens & Byrd, 2019).
If systolic blood pressure is = 180 mmHg and/or diastolic
blood pressure is = 120 mmHg, this is considered a hyperten-
sive crisis, requiring immediate consultation with a physician
(American Heart Association, 2016b).

Atrial Fibrillation

Atrial fibrillation is a type of irregular heart rhythm (Heart
and Stroke Foundation of Canada, n.d.). It is a particularly con-
cerning AE for CLL patients taking BTK inhibitors, not only
because it increases the risk of blood clots, stroke, and heart
failure (Heart and Stroke Foundation of Canada, n.d.), but
because the management of atrial fibrillation often includes
anticoagulants, which can exacerbate the bleeding risk already
associated with BTK inhibitors. Atrial fibrillation often occurs
early in treatment, with the incidence rate remaining constant
or declining over the course of BTK inhibitor therapy (Banerji
etal., 2020).

Patients should be asked about symptoms of arrhythmias
including sensations that the heart is racing, fluttering, or
pounding in the chest, experiencing unusual shortness of
breath, feeling more easily tired, and feeling faint, dizzy, or
lightheaded (American Heart Association, 2016a). Patients
can also be informed on how to measure their pulse.
Healthcare providers should have a low threshold for car-
diac workup in patients reporting symptoms of atrial fibril-
lation (Banerji et al., 2020). In the event atrial fibrillation is
diagnosed, management requires consultation with a cardi-
ologist who can assess an individual’s stroke and bleeding
risk to determine whether anticoagulation is required (newer
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Table 3. Summary of Management and Monitoring Strategies for BTK-inhibitor Associated Adverse Events

Onset/Resolution

Manage

Monitor/Educate

Diarrhea + Occurs within first 6 | « Dose modifications not required for grade + Monitor for signs of infection (e.g., fever, abdominal discomfort)
months 1/2 events and evaluate stool for common pathogens
+ Duration: 6-20 days |« Suggest:
- Increase fluid intake
- Small frequent meals
- Eat low-fibre, high calorie food
- Take anti-diarrheal medication
Fatigue + Occurs early in + Dose modification typically not needed « When fatigue occurs later in treatment, patient should be
treatment — may « Suggest: evaluated for other potential causes
be associated with - Physical activity
underlying disease - Eating well-balanced diet
« Self-limited - Stay hydrated
- Limit stress
- Rest when needed
Headache + Occurs early in « Dose modifications not needed + Unresolved severe headaches should be evaluated at emergency
treatment « Suggest taking acetaminophen and caffeine department
- Resolves within 1-2
months
Arthralgia/ « Typically occurs early | « Dose modifications typically not needed for | « Evaluate for electrolyte deficiencies and supplement with sodium,
Myalgia in treatment (median mild cases; may be required for severe and potassium, magnesium as needed
135 days) persistent cases
+ Often resolves within | « Suggest:
a few months for mild - Mild stretching/strengthening routines
cases - Hot/cold compresses
- Tonic water at night
- Acetaminophen
Bruising/ « Typically occurs + Can resolve spontaneously without + Reassure patients that mild bleeding is not a predictor of major
petechiae within first year, but intervention hemorrhage
can occur throughout | « Suggest applying ice and moisturizers to
affected areas
Rash + Onset depends on + Dose modifications typically not needed for | « Monitor for signs of severe rash:

(pruritic and
non-pruritic)

rash type, frequently
occurs early in
treatment

mild cases; may be required for severe and
persistent cases

Generally requires dermatology referral and
treatment with topical corticosteroids and
antihistamines

Suggestions for pruritis:

- Cold compresses

- Lukewarm bath with colloidal oatmeal

- Fever

- Facial swelling

- Cutaneous detachment with blisters or mucosal erosions
- Nikolsky’s sign

- Exfoliative rash

- Pustules

- Lymphadenopathy

- Lab abnormalities

Nail effects

Progresses on
treatment

Suggest:

- Biotin supplementation

- Topical ointments

- Hydrosoluble nail lacquer
- Poly-ureaurethane

« Educate on preventative measures:
- Avoid repeated trauma and pressure on nails
- Trim nails regularly

Hypertension

Prevalence increases
over treatment course

Effectively managed with antihypertensive
agents

+ Regularly monitor blood pressure at clinic and at home where
possible

+ Educate patient to seek emergency care if systolic/ diastolic
pressure is 2180 mmHg /2120 mmHg

Atrial « Often occurs early + Requires consultation with cardiologist to + Inquire and educate patients on signs of arrhythmias:
fibrillation in treatment, but can assess stroke/bleeding risk - Heart racing, fluttering, pounding
occur throughout « BTK inhibitor dose should not be delayed - Shortness of breath
upon diagnosis - Easily tired
- Faint, dizzy
- Teach patients how to take pulse at home
Major + Occurs at any time + Requires immediate intervention at « Preventative measures:
Bleeding in treatment (median emergency department - Inquire about non-essential drugs that may contribute to
310 days) bleeding risk
- Educate patients to notify clinic of upcoming surgeries or
procedures
- Inform patients about the signs and symptoms of major bleeding
Infection + Often occurs within | « Suggest that patients: « Educate patients to avoid others who are feeling unwell and notify
the first year - Rest clinic upon signs of infection
- Remain hydrated + Encourage patients to have all appropriate non-live vaccines after
- Adhere to prescribed medications consultation with physician
- Contact clinic if symptoms worsen/do not
improve
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anticoagulation agents such as apixaban and enoxaparin are
preferred) (Banerji et al., 2020). Beta-blockers are preferred
to achieve rate or rhythm control (Stephens & Byrd, 2019).
BTK inhibitor doses should not be delayed upon diagnosis of
atrial fibrillation, as it has not been shown to improve resolu-
tion rate (De Weerdt et al., 2017).

Infection

Patients with CLL on BTK inhibitor therapy are at risk of
infectious complications, which may in part be attributed to
the biology of the disease itself (Lipsky et al., 2015). Infections
are particularly common within the year following BTK inhib-
itor therapy and are more common in patients being treated
in the relapsed setting (Barr et al., 2018; Lipsky et al., 2015).
Pneumonia is the most common grade =3 infection reported
with BTK inhibitors (Lipsky et al., 2015). Opportunistic infec-
tions of particular concern in CLL patients taking BTK inhib-
itors include fungal infections with aspergillus fumigatus and
Pneumocystis jirovecii pneumonia (PJP) (Lipsky et al., 2015).
Management of these infections can be challenging as many
of the standard treatments are strong CYP3A4 inhibitors,
which can increase the serum concentration of BTK inhibi-
tors (Banerji et al., 2020). Patients should be aware to notify
their clinic immediately if signs of infection are observed
(e.g., fever over 38°C, chills, sweating). Work-up should then
be performed with a high suspicion for opportunistic fungal
infections, and patients should be treated according to local
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