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INTRODUCTION

Ibrutinib is approved by the European Medicines Agency
(EMA) for the following hematological indications: 1) as
a single agent is indicated for the treatment of adult
patients with relapsed or refractory mantle cell lympho-
ma (MCL); 2) as a single agent or in combination with
rituximab or obinutuzumab or venetoclax is indicated for
the treatment of adult patients with previously untreated
chronic lymphocytic leukemia (CLL); 3) as a single agent
or in combination with bendamustine and rituximab (BR)
is indicated for the treatment of adult patients with CLL
who have received at least one prior therapy; 4) as a sin-
gle agent is indicated for the treatment of adult patients
with Waldenstrédm’s macroglobulinemia (WM) who have
received at least one prior therapy, or in first-line treat-
ment for patients unsuitable for chemo-immunotherapy,
and 5) in combination with rituximab is indicated for the
treatment of adult patients with WM.

Acalabrutinib is approved: 1) as monotherapy or in
combination with obinutuzumab is indicated for the treat-
ment of adult patients with previously untreated chronic

Thereis an increased risk of atrial fibrillation in patients treated with Bruton’s tyrosine kinase inhibitors
such as ibrutinib or acalabrutinib. The risk of this complication, as in the general population, increases
with the age of patients and the coexistence of cardiovascular diseases. Due to the observed plate-
let dysfunction associated with the activity of ibrutinib, antithrombotic prophylaxis against stroke
becomes an important clinical problem. The presence of potential interactions between ibrutinib
and oral anticoagulant and additionally increased risk of bleeding determine specific therapeutic
choices, which are described in the article.
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lymphocytic leukemia (CLL), and 2) as monotherapy is
indicated for the treatment of adult patients with chronic
lymphocytic leukemia (CLL) who have received at least
one prior therapy.

Ibrutinib therapy is associated with the risk of bleeding
diathesis, infection, as well as hypertension, atrial fibrilla-
tion, and heart failure [1-3]. The incidence of symptomatic
atrial fibrillation is similar for ibrutinib and acalabrutinib,
both drugs also trigger atrial fibrillation with similar fre-
quency in the elderly (> 75 years) and those with a history
of paroxysmal atrial fibrillation, and patients with comorbid
cardiovascular diseases are particularly predisposed [4].

The latest European Society of Cardiology (ESC) rec-
ommendations, prepared in cooperation with the Euro-
pean Hematology Association (EHA), indicate that there
is currently insufficient data to develop separate cardiac
algorithms for ibrutinib and acalabrutinib because the
profile and rate of cardiovascular complications, includ-
ing the rate of atrial fibrillation, appear to be similar for
both drugs [5].

IBRUTINIB AND ATRIAL FIBRILLATION
Bruton’s tyrosine kinase (BTK) inhibitors are used in he-

matological diseases usually diagnosed in the elderly, and
age itself is an important risk factor for atrial fibrillation
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[6]. Concomitant diseases in the elderly additionally
increase the risk of atrial fibrillation [7]. The presence of
this arrhythmia is predicted by the presence of left atrial
enlargement [8, 9].

Because atrial fibrillation is associated with the risk
of developing heart failure and experiencing a stroke,
diagnostic vigilance for this arrhythmia is recommended
at every physician visit for patients treated with ibrutinib
or acalabrutinib, at least by measuring the regularity of the
heart rhythm during physical examination or electrocard-
iography (class of recommendation |, level of evidence C).

In cardio-oncology, the following factors increasing
the risk of bleeding are mentioned: gastrointestinal (Gl)
cancers, cancers of the genitourinary system, thrombocy-
topenia, platelet dysfunction in the course of hematological
diseases or bone marrow suppression, advanced age, renal
or hepatic dysfunction, metastatic cancer, low body mass
index (BMI), therapy with ibrutinib, and with vascular
endothelial growth factor (VEGF) inhibitor (especially bev-
acizumab) or cetuximab [10, 11].

HOW TO PLAN ANTICOAGULATION
IN HEMATOLOGY IN PATIENTS
WITH ATRIAL FIBRILLATION?

Based on the available knowledge in planning anticoag-
ulation in cancer patients, the authors of the ESC guide-
lines proposed the TBIP algorithm, labeling the steps as
T (thrombotic risk), B (bleeding risk), | (drug interactions),
P (patient preferences) [12].

The CHA,DS,-VASc score, which is widely known and
used in cardiology, has not been adequately validated in
cancer patients, especially in terms of the definition of
a low-risk patient, i.e. not requiring thromboprophylaxis
[13]. Some observations indicate that in the course of
neoplastic diseases, the CHA DS_-VASc score equal to 0 or
1is associated with a higher risk of stroke than in the popu-
lation without cancer [14]. It seems that the CHA,DS,-VASc
score does not allow for the estimation of prothrombotic
risk, because it does not take into account factors related
to cancer and its treatment.

The ESC guidelines clearly indicate that long-term
thromboprophylaxis in atrial fibrillation in a cancer patient:
- is recommended when the CHA,DS -VASc score is at

least 2 (male) or at least 3 (female);

- should be considered when the CHA, DS -VASc score is

1 (male) or 2 (female);

-+ may be considered when the CHA,DS,-VASc score is

0 (male) or 1 (female).

When deciding on chronic anticoagulation in cancer, it
should be borne in mind that, on the one hand, in the case
of effective anti-cancer treatment, the prothrombotic risk
may decrease, but, on the other hand, in the case of cancer
progression or toxicity, especially hematological, the risk of
bleeding may increase. Therefore, the thrombotic risk and
bleeding risk should be reassessed periodically in relation

to the type of histopathological diagnosis, clinical stage,
and prognosis resulting from the response to the anticancer
treatment [15]. According to the ESC guidelines, such a pe-
riodic assessment of the benefits of anticoagulation against
the risk of bleeding in cancer patients with concomitant
atrial fibrillation has the highest class | recommendation

(level of evidence Q).

New oral anticoagulants (NOACs) (in alphabetical
order: apixaban, dabigatran, edoxaban, rivaroxaban)
should be considered as the preferred option for throm-
boprophylaxis in atrial fibrillation coexisting with cancer
(class of recommendations lla, level of evidence B). In
situations where oral anticoagulation cannot be used,
low-molecular-weight heparin (LMWH) should be con-
sidered — according to the ESC guidelines, this is also
arecommendation class lla, but the level of evidence is C,
i.e. expert opinion [5]. The efficacy of LMWHs in preventing
stroke in atrial fibrillation has not been proven and their
use is based on efficacy and safety observed in venous
thromboembolism. It is assumed by default that LMWHSs
in this indication should be used in therapeutic doses
(e.g. enoxaparin 1 mg/kg subcutaneously every 12 h or
1.5 mg/kg subcutaneously once a day). They should be
used as an alternative option when patients cannot take
oral anticoagulants [16].This is understood as the inability
of these patients to take drugs orally due to the cancer’s
advanced stage, i.e., for example, impaired absorption of
drugs from the upper Gl tract. So-called bridging therapy
should not be used routinely when invasive diagnostics
are performed. The ESC guidelines define several clini-
cal situations in which LMWH should be preferred, i.e.:
unoperated Gl or genitourinary cancer, significant gas-
troenterological diseases, Gl toxicity of cancer therapy,
severe renal dysfunction (creatinine clearance [CrCl])
< 15 mL/min), interactions between NOACs and anticancer
drugs, platelet count below 50 G/L.

The dosing of LMWH in the case of recent active bleed-
ing or significant thrombocytopenia in medical history is
a difficult and completely individual decision.

In June 2022, the EHA, in cooperation with the ESC,
published recommendations on anticoagulant treatmentin
patients with cancer complicated by thrombocytopenia[17].
In the case of grade 4 thrombocytopenia (platelet count < 25
G/L), whether for prophylaxis in atrial fibrillation or chronic
treatment of venous thromboembolism, it is recommended
that anticoagulants be withheld (in acute conditions based
on an individual assessment). However, in the case of grade
3 thrombocytopenia (platelet count 25-50 G/L):

- the use of oral anticoagulants is discouraged, both
in the case of venous thromboembolism and atrial
fibrillation;

« it is recommended to withhold ongoing anticoag-
ulation in patients with atrial fibrillation in case of
expected short-term thrombocytopenia unless the
patientis at very high thrombotic risk or has additional
cancer-related thrombotic risk factors;
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in patients with atrial fibrillation at a very high risk of
thrombosis, reducing the therapeutic dose of LMWH by
50% (e.g. enoxaparin 0.5 mg/kg subcutaneously every
12 h) with close monitoring of the platelet count may
be considered in the case of stable grade 3 thrombo-
cytopenia that persists from weeks to months;

for patients with atrial fibrillation and a mechanical
heart valve with a stable platelet count of 40-50 G/L,
treatment with a vitamin K antagonist (VKA) with a tar-
getinternational normalized ratio (INR) of 2 should be
considered;

in patients with atrial fibrillation and a mechanical heart
valve with a platelet count of 25-40 G/L or observed
non-therapeutic INR, LMWH at a therapeutic dose
reduced by 50% may be considered (e.g. enoxaparin
0.5 mg/kg subcutaneously every 12 h).

THE BLEEDING RISK
ASSOCIATED WITH IBRUTINIB

Bleeding observed in patients treated with ibrutinib is
mainly related to the activity of this drug, and not only
to the underlying hematological disease in the course of
which thrombocytopenia coexists, as well as to comor-
bidities requiring antiplatelet or antithrombotic therapy
[18-21]. Pharmacological inhibition of BTK by ibrutinib
has been shown to affect the function of glycoprotein VI
and platelet adhesion-dependent on collagen and von
Willebrand factor [22]. Bleeding is most often observed
during the first months of ibrutinib therapy, exactly during
the first 6 months, then the risk decreases [23]. It should be
remembered that the most common hematological com-
plications of ibrutinib, at least grade 3, include neutropenia,
anemia, and thrombocytopenia, which increases the risk
of bleeding [24].

Based on the available meta-analysis, it can be conclud-
ed that the risk of bleeding of any degree is approximately
3-fold increased (relative risk [RR] 2.93; 95% confidence
interval [Cl]: 1.14-7,52; p=0.03) in patients receiving ibru-
tinib [25]. Data from the Surveillance, Epidemiology, and
End Results (SEER) — Medicare Cancer Registry database
show that up to 18% of patients with CLL experienced
at least one major bleeding [26]. This indicates the need
to make special caution in patients receiving additional
anticoagulants or antiplatelet drugs.

One of the studies analyzed the risk of bleeding among
patients taking ibrutinib and concomitant anticoagulant
or antiplatelet drug [27]. Bleeding events were defined as
major if they were at least grade 3 according to Common
Terminology Criteria for Adverse Events (CTCAE) v.4.0 when
intraocular bleeding resulted in a loss of vision, required
transfusion of at least 2 units of packed red cells, resulted
in hospitalization or when there was intracranial bleed-
ing. Anticoagulants (11%) or antiplatelet agents (34%) or
both (9%) were commonly used concomitantly during
ibrutinib therapy. The most common anticoagulant was

LMWH (15%), although it was often used for a limited time
(< 3 months in 33 of 48 patients), often in a prophylactic
dose. The most commonly used antiplatelet drugs were
acetylsalicylicacid (ASA) (21%), and many patients received
non-steroidal anti-inflammatory drugs (NSAIDs; 28%). The
only predictor of mild bleeding in the multivariate analysis
was prior bleeding of any grade (analysesincluded the use
of anticoagulants/antiplatelet drugs, age, platelet count,
bleeding history, risk of falls, use of cytochrome P inhibitors,
baseline liver, and kidney function). Of the 175 patients
who received anticoagulant or antiplatelet drugs, 5 (3%)
experienced major bleeding: 1 patient received heparin,
1 patient received ASA, 1 patient received NSAID, 1 patient
received warfarin + ASA, 1 patient received heparin + NSAID.

Although therisk of bleeding with ibrutinib is increased,
post hoc analyzes of clinical trials did not reveal significant
differences with or without additional anticoagulants or
antiplatelet medications [28].

HOW TO PLAN ANTICOAGULATION
IN PATIENTS TREATED WITH IBRUTINIB?

A panel of European hematology experts prepared the
principles of management for various complications of
ibrutinib, including cardiac problems [29].

Acetylsalicylic acid is the antiplatelet agent most com-
monly used in combination with ibrutinib, but patients
should be closely monitored and ASA should be discon-
tinued if bleeding occurs. Although ibrutinib has some
antiplatelet activity, there is insufficient evidence to sug-
gest thatit can replace ASA in its classic cardiac indications
(i.e., prevention of coronary events) [30].

The combination of ibrutinib with dual antiplatelet ther-
apy, even if it is ASA and clopidogrel, may result in major
bleeding due to different mechanisms of blocking platelet
aggregation. Therefore, most experts believe that one of
the antiplatelet drugs should be discontinued if treatment
with ibrutinib is required. In case a patient is treated with
ibrutinib and must undergo coronary intervention, ibru-
tinib therapy should be interrupted for the duration of
dual antiplatelet therapy. The duration of dual antiplatelet
therapy should be individually defined in this situation
and possibly shortened if ibrutinib needs to be restarted.

In the early studies on ibrutinib, concomitant use of
VKAs (warfarin, acenocoumarol) was excluded [31-33].
However, the use of NOACs was allowed. Therefore, the
use of NOACs in this population is assumed to be preferred
in patients with classic indications for anticoagulation
— anticoagulation is recommended when the CHA,DS -
-VASc score is at least 2 (it should be considered when the
CHA,DS,-VASc score = 1). ASA should not be used in the
prevention of strokes in atrial fibrillation [34].

Currently, there are no clear recommendations as to
which oral anticoagulant should be preferred. Rivaroxaban,
apixaban, and ibrutinib are metabolized by CYP3A4 and
are also substrates or inhibitors of P-glycoprotein (P-gp).
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Theoretically, if P-gp is inhibited and the CYP3A4 pathway
is fully saturated, then ibrutinib when used with CYP3A4
substrates could lead to an increase in plasma concentra-
tions of apixaban or rivaroxaban, but this is unlikely to be
clinically relevant. It is hypothesized that P-gp inhibition
by ibrutinib may affect dabigatran and edoxaban concen-
trations, but there are no clinical data to support this. Most
authors indicated that apixaban would be the preferred
option. The authors indicate the use of a classic dose of
5mg orally twice a day; dose reduction to 2.5 mg orally twice
daily is reserved for different subgroups of patients, for ex-
ample, those with renal insufficiency, body weight less than
60 kg, or those over 80 years of age. An additional advantage
of apixaban is its milder profile of side effects from the Gl
tract. Dabigatran would be the second suggested NOAG;
the authors recommend administration in a standard dose
of 150 mg orally twice a day, a reduced dose (110 mg orally
twice a day) may be considered in patients at high risk of
bleeding or with renal failure. Authors favoring dabigatran
highlight the availability of an antidote and the reduced po-
tential for CYP3A4 interaction as justification for the choice
of treatment. None of the authors singled out rivaroxaban
or edoxaban as the preferred NOAC in patients treated with
ibrutinib. On-going anticoagulation should not be areason
to reduce the ibrutinib dose.

In another document prepared by Australian experts
[35], it was emphasized that all currently available NOACs
have the potential for pharmacological interactions with
ibrutinib. However, the effect of ibrutinib on the metab-
olism of anticoagulants via P-gp inhibition is of greater

concern than the effect of NOACs on ibrutinib concen-
trations. Greater potential concerns are associated with
dabigatran. Dabigatran is not metabolized and does not
inhibit or induce any CYP isoform. However, a prodrug of
dabigatran (dabigatran etexilate) is a substrate for P-gp and
an interaction based on the potential inhibition of P-gp by
ibrutinib is possible. Concomitant administration of potent
P-gp inhibitors or inducers has been shown to affect the
conversion of the prodrug to the active dabigatran and may
affect its plasma concentration. The problem is the effect of
kidney function on metabolism and the potential additive
effect on platelet function. Dabigatran, by inhibiting factor Il
may have an inhibitory effect on platelet function as well as
otherintracellular signaling and cytokine pathways that are
activated by factor Il. The experts considered that dabigatran
was therefore the least favored NOAC in this indication [35].

The use of apixaban or rivaroxaban seems more ap-
propriate. Given the potential risk of increased plasma
levels, it is recommended to use the lowest effective dose
of the anticoagulant. Although ibrutinib, apixaban, and
rivaroxaban are substrates of CYP3A4, the use of the two
substrates poses only a conceptual risk that ibrutinib may
increase plasma concentrations of apixaban or rivaroxaban
due to its potential to inhibit CYP3A4 and P-gp, however,
it is considered unlikely that to be clinically significant.
In contrast, neither apixaban nor rivaroxaban affects the
metabolism of ibrutinib.

The authors emphasized that opinions on the use of
VKA are divided. Both ibrutinib and warfarin are primarily
metabolized by cytochrome P450 enzymes with moderate

Situation 1

Atrial fibrillation diagnosed prior to initiation of ibrutinib therapy — if a patient
is receiving VKA or LMWH, consider NOAC, provided there are no contraindications

Situation 2

are no contraindications

Atrial fibrillation diagnosed during ibrutinib therapy — consider NOAC, provided there

Y

Decision 1

apixaban 2 x 2.5 mg
dabigatran 2 X 110 mg
edoxaban 30 mg once daily
rivaroxaban 15 mg once daily

If history of bleeding or HAS-BLED = 3 points,
consider NOAC for 7-10 days at a reduced dose, i.e.:

Evaluation after 7-10 days and then after a month:
« assessment of kidney function and platelet count

« if not started with the full dose of NOAC,

Decision 2

« exclusion of bleeding

then optimization of this dose to:
apixaban 2 x 5 mg
dabigatran 2 x 150 mg
edoxaban 60 mg once daily
rivaroxaban 20 mg once daily

Figure 1. Suggested algorithm for initiating thromboprophylaxis with new oral anticoagulants (based on the opinion of Italian experts [36]);
LMWH — low-molecular-weight heparin; NOAC — new oral anticoagulant; VKA — vitamin K antagonist
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potential for interaction. Warfarin is mainly metabolized by
CYP2C9 with minor contributions from other CYP enzymes
including CYP3A4. While a pharmacological interaction is
possible, it should be emphasized that warfarin can be used
in justified cases (such as the presence of metal valves),
provided that a therapeutic INR can be achieved.

A group of Italian experts composed of hematologists,
cardiologists, and pharmacologists [36] emphasizes that
there is a lack of good-quality data on the long-term use
of LMWH in patients treated with ibrutinib. Therefore, oral
anticoagulants should be considered in long-term throm-
boprophylaxis. In the countries of the European Union, the
use of VKA is rather not recommended (except in excep-
tional situations). However, data on the use of NOACs in
patients receiving ibrutinib are also limited [37, 38]. In this
document, experts emphasize that anticoagulation should
be started with the lowest effective dose in order to mini-
mize the risk of bleeding. Patients with a HAS-BLED score
greater than 3 in the first 7-10 days should be considered
forapixaban 2.5 mgorally every 12 h, or dabigatran 110 mg
orally every 12 h, or edoxaban 30 mg orally once daily, or
rivaroxaban 15 mg orally once daily (Figure 1). The patient
should be instructed to report all bleeding episodes. In
case of major or clinically significant bleeding, NOACs
should be withheld.

Heart rhythm-controlling medications such as beta-
-blockers or digoxin do not interact with ibrutinib, but
verapamil and diltiazem are contraindicated. Amiodarone
should be avoided, but ifit is used, dabigatran or edoxaban
may be preferred to apixaban or rivaroxaban for antico-
agulation [36]. According to Italian experts, amiodarone
as a CYP3A4 substrate may increase the concentration of
ibrutinib, and thus increase the risk of cardiotoxicity and
bleeding, while the anticoagulant effect of apixaban and
rivaroxaban may also be increased.

SUMMARY

The decision to start thromboprophylaxis and the choice
of oral anticoagulant in patients receiving BTK inhibitors
should always be personalized. The basic selection crite-
rion should be the estimated risk of bleeding resulting
partly from the effect of ibrutinib on platelet function
and from possible pharmacokinetic interactions with oral
anticoagulant.
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