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Abstract

Background: Cardiovascular (CV) adverse events (AEs), es-
pecially atrial fibrillation (AF) and hypertension, have been
reported in patients receiving treatments for chronic lym-
phocytic leukemia (CLL), including Bruton’s tyrosine kinase
inhibitors (BTKis). Although these AEs are managed effec-
tively in most cases and AE management guidelines exist,

practical management approaches are inconsistent across
regions and practices. We aimed to address these incon-
sistencies by developing consensus recommendations.
Summary: A European expert panel was assembled com-
prising eight hematologists and six cardiologists. Literature
analysis, expert interviews, and the Delphi method were
used to gain consensus on screening, monitoring, and
treatment of AF and hypertension statements. Key
Messages: Maintaining BTKi treatment is paramount to
maximize time to next treatment; for patients at high risk of
progression, this can be achieved by appropriately treating
hypertension and AF and adjusting the BTKi dose. Patients

© 2025 The Author(s).
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/aha

This article is licensed under the Creative Commons Attribution-
NonCommercial 4.0 International License (CC BY-NC) (https://
karger.com/Services/OpenAccessLicense). Usage and distribution for
commercial purposes requires written permission.

£
Karger<

A OPEN ACCESS

Correspondence to:
Talha Munir, tmunir @ nhs.net

920z AInc 10 uo 1senb Aq 4pd "9Z¥/¥S000 /LTSSOVY /262 /€ /6T /4pd -8 |2 111 feye oo “1abrex //:d 11y wo iy papeo juwog


https://www.karger.com/aha
https://www.karger.com/aha
https://doi.org/10.1159/000547426
mailto:karger@karger.com
https://www.karger.com/aha
https://karger.com/Services/OpenAccessLicense
https://karger.com/Services/OpenAccessLicense

should be risk-stratified as low, moderate, high, or very-high
risk of cancer therapy-related CV toxicity and treated
according to their disease status so that CLL treatment
can be maintained. Patient education on symptom
monitoring, home blood pressure monitoring, and
electrocardiograms (baseline, every 3 months) are
recommended to detect/monitor AF and hypertension.
Close collaboration  between hematologists and
cardiologists is vital to achieve optimal patient outcomes.

© 2025 The Author(s).
Published by S. Karger AG, Basel

Introduction

The treatment landscape of chronic lymphocytic
leukemia (CLL) has evolved considerably, especially with
the approval of targeted agents. Most patients with CLL
are now receiving targeted therapies such as Bruton’s
tyrosine kinase inhibitors (BTKis), B-cell lymphoma-2
inhibitors (BCL-2is), anti-CD20 monoclonal antibodies
(mAbs), and combinations of these agents as both
continuous therapy and time-limited treatment regi-
mens, which have consistently shown improved PFS
versus chemoimmunotherapy (CIT). Per the current
European Society for Medical Oncology (ESMO)
guidelines, in patients with CLL without a TP53 mu-
tation or dell7p, regardless of IGHV status, preference
should be given to time-limited therapies due to the
potential for reduced toxicity, reduced risk of poly-
pharmacy, and the benefit of retreatment at relapse [1]. A
recent real-world study showed that patients treated with
targeted therapies in the first or subsequent lines of
therapy had significantly longer overall survival (OS)
(8.5 years [95% CI: 8.0-9.1]) versus those who never
received them (3.5 years [95% CI: 3.5-3.9]) [2]. The
majority of these patients were treated with the BTKi
ibrutinib, which has been approved to treat CLL in
Europe since October 2014 [2, 3]. A pooled analysis of 3
randomized trials in patients with CLL/small lympho-
cytic lymphoma showed that the first-line treatment with
ibrutinib plus or minus anti-CD20 mAB was associated
with OS rates similar to the age-matched general Eu-
ropean and US populations [4, 5].

Adverse events (AEs) are observed with all therapies,
and each treatment option has a unique safety profile. It
is important for patients to be fully informed of all
potential AEs when considering treatment options, es-
pecially the choice of time-limited treatment and its
impact on potential polypharmacy and retreatment
options [1]. Specifically, mAbs, such as rituximab and
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obinutuzumab, may cause infusion-related reactions,
hypersensitivity, and immunosuppression; the BCL-2i,
venetoclax, could lead to tumor lysis syndrome; BTKis
may cause side effects such as atrial fibrillation (AF),
arterial hypertension, bleeding, infections, and ventric-
ular arrhythmias, also leading to sudden cardiac death
although this is rare, occurring at <0.1% per year [6-18].
While not associated with the hematologic AEs com-
monly seen with CIT, an increase in certain cardio-
vascular (CV) AEs, such as new-onset hypertension and
AF, became evident with covalent BTKis over time [19,
20]. Given the benefits of BTKis in the treatment of CLL,
it is important to appropriately manage the treatment-
emergent AEs.

The second-generation BTKis acalabrutinib (ap-
proved November 2020 [21]) and zanubrutinib (ap-
proved November 2021 [22]) were developed to be more
target-specific with fewer off-target effects [8, 23]. The
non-covalent BTKi pirtobrutinib is approved in the USA
for patients with relapsed/refractory CLL who have re-
ceived at least two prior lines of therapy, including a
BTKi and a BCL-2i [24], and has recently received a
positive opinion for European approval as monotherapy
in patients with relapsed/refractory CLL after treatment
with another BTKi [25]. While initial efficacy results
showed parity with ibrutinib [8, 23], CV AEs have been
reported in varying rates with all BTKis (online suppl.
Table 1; for all online suppl. material, see https://doi.org/
10.1159/000547426) [8, 16, 26-37].

The prevalence of BTKi-associated CV AEs differs
from some of the other common AEs in CLL. Neu-
tropenia rates of exceed 50% with FCR, BR, and ven-
etoclax+obinutuzumab [16, 38, 39] and infection rates
surpass 70% with pirtobrutinib and zanubrutinib [11,
16]. Hypertension rates exceed 15% with zanubrutinib,
ibrutinib, and venetoclax+ibrutinib [8, 15, 40] while AF
rates are approximately 10-15% for acalabrutinib and
ibrutinib [8]. It is also important to consider that patients
with CLL may also present with underlying CV disease;
for example, approximately 6% of patients may be ex-
pected to have AF [41] and 47-66% have hypertension at
the time of CLL diagnosis [42].

In most of the real-world studies, the frequency of
ibrutinib-associated CV AEs was consistent with clinical
trial findings, including AF (3-25%) and hypertension
(3-17%) [17, 43-53] (online suppl. Table 1), with no
newly identified safety signals. Interestingly, in real-
world studies in Europe, rates of hypertension and AF
were comparable or lower than those reported in clinical
trials [43-45]. This may be due to more regular screening
for AF in clinical trials, resulting in higher incidence than
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that seen in the real world. However, the proportion of
patients discontinuing ibrutinib due to toxicities in these
real-world studies ranged from 6 to 22% [43-45, 54].
There are limited real-world data with other BTKis,
although initial studies suggest a higher rate of CV events
and discontinuations due to AEs in clinical practice
versus clinical trials [17, 52, 53] (online suppl. Table 1).
Further longer term follow-up from randomized trials
and real-world evidence are needed to fully assess the CV
AE profiles for these newer BTKis.

As demonstrated in clinical trials and real-world
studies, hypertension, AF/atrial flutter, and ventricu-
lar arrhythmias have now been confirmed as a class
effect common to all BTKis, with appropriate warnings
and precautions included in all BTKi product labels and
supported by suitable monitoring and management in
the cardio-oncology treatment guidelines [18, 19,
55-59]. For example, the European Society of Cardi-
ology (ESC) guidelines include the mention of an in-
creased incidence of AF and arterial hypertension with
specific cancer treatments like ibrutinib [60]. Even
though the CV AEs observed with BTKi treatments are
mostly low grade, they are different from the classical
AEs seen by hematologists. Guidelines lack practical
information on the management of certain CV AEs and
drug-drug interactions, especially for managing pa-
tients seen in daily clinical practice who may be older,
have comorbidities, and/or are taking concomitant
drugs. To address this issue, a panel was formed of
expert hematologists and cardiologists from different
regions across Europe who are involved in the care of
patients receiving CLL treatment; individual interviews
were held, followed by a joint consensus meeting. The
objective was to gain key practical reccommendations on
the management of CV AEs in patients receiving BTKi
treatment for CLL.

Methods

Literature Review

A literature search for publications from the past
5 years was conducted using the PubMed database on the
incidence and management of CV AEs associated with
treatment for CLL (focusing on European guidelines).
The objective of the literature search was to identify gaps
and inconsistencies in management strategies for CV
AEs of interest (AF and hypertension) to enable further
discussion with experts through individual interviews
and develop a practical management consensus through
a joint meeting.

CV AEs with BTKIs: Consensus Article

Interviews with Experts from Central European and

Baltic Countries

Eight hematologists and six cardiologists from Bul-
garia, Croatia, Czechia, Hungary, Lithuania, Slovakia,
Slovenia, and the United Kingdom were identified,
forming the steering committee. A series of discussion
topics on CV AEs, informed by literature search, was
developed with input from the steering committee
chairs, Dr Talha Munir, a hematologist from Leeds, UK,
and Professor Nikola Bulj, a cardiologist from Zagreb,
Croatia. Interviews were then conducted with the other
steering committee members to obtain their perspectives
on the management of CV AEs in patients treated for
CLL. All feedback received from the interviews was
collated and summarized.

Development of Consensus Statements

Consensus statements relating to the management of
CV AEs in patients receiving treatment for CLL were
developed by the steering committee chairs. The de-
veloped statements were largely in line with the 2022
ESC cardio-oncology guidelines [60]; however, some
practical recommendations were made to align them
with the scenarios seen in everyday clinical practice,
considering the heterogeneity of the patient population
in the real world, along with local country/regional
practices.

Consensus Meeting

The regional experts, comprising the team of authors,
gathered in a virtual consensus meeting for review of the
consensus statements. The Delphi technique was used to
reach a consensus on all statements [61]. The panel
members voted anonymously on each statement. Voting
options were “Agree” and “Do not agree.” A consensus
was considered to be reached when >75% of panelists
voted “Agree” for a particular statement. Where con-
sensus was not reached, a discussion was held to further
explore the statement. This was followed by further
general discussion around the topics presented. Key
practical recommendations were developed using expert
guidance gathered from the literature analysis, expert
interviews, and the joint consensus meeting.

CV AEs with BTKis

CV AEs have been reported with all BTKis and other
CLL treatments in clinical trials. Patients treated in RCTs
are not representative of patients in the real world, who
may have more comorbidities and be frailer. In
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particular, there are limitations when assessing AF or
hypertension risk from RCTs as they are neither aimed
nor powered to assess these outcomes; thus, caution
should be exercised before making conclusions about the
comparative safety of BTKis based on RCT evidence
alone [56]. Long-term clinical data and real-world evi-
dence are therefore important for assessing BTKi AE
profiles. In the pooled analysis of four studies (PCYC-
1122e, RESONATE-2, iLLUMINATE, and ECOG-AC-
RIN E1912), ibrutinib therapy with up to 6 years of
follow-up showed that the incidence of hypertension,
AF, infection, and bleeding generally declined over
time [62].

Regional Disparities in the Management of CV AEs

During the interviews with the panelists, it became
clear that, even though ESC onco-cardiology guidelines
are widely accepted and followed, these guidelines lack
recommendations for specific areas. It was also evident
that local factors like availability of drugs, reimburse-
ment requirements, general patient health, and the
differences in geographical size and transport options for
patients play a role in how patients with CLL are
managed across various countries within Europe. Online
supplementary Table 2 depicts the level of agreement on
the topics presented to the panelists during the indi-
vidual interviews. There was general agreement on the
use of guidelines, screening of high-risk patients,
monitoring of blood pressure (BP) by patients at home,
AF being treated by a cardiologist, patient education on
possible CV AEs, and the need for more information on
drug-drug interactions between CLL treatments and
concomitant CV treatments. Patients should also be
involved in all decisions relating to their CLL treatment.

While all the panelists agreed that the collaboration
between a hematologist and cardiologist is vital for
patient care, there was great variation on the level of
collaboration from region to region. There was general
disagreement in terms of referrals, as these often vary
from region to region. Some hematologists are internal
medicine specialists and therefore can treat most of the
CV AEs themselves, whereas others refer patients to
cardiologists. Of the patients who are referred to car-
diologists, some are referred within the same treatment
center, while others may need to seek cardiology care
elsewhere. Few centers have specialist onco-cardiologists
available for consultation. There is also significant var-
iation between regions on available medications and
healthcare structure.
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Assessing Baseline CV Risk

In general, all cardio-oncology patients should be
stratified as being low, intermediate, high or very high
risk of cancer-related CV toxicity [55, 63]. While baseline
CV risk assessment may influence the initial choice of
therapy, it should not affect the ongoing monitoring
strategy for patients treated with a BTKi. As there are no
specific tools for baseline CV risk assessment in patients
taking BTKis, ESC guidelines recommend using the
appropriate Heart Failure Association-International
Cardio-Oncology Society (HFA-ICOS) risk proforma
(Class IIa) designed for vascular endothelial growth
factor TKIs. Briefly, general guidance for risk-stratifying
all patients receiving any TKI may include baseline BP
and QTc measurements [55, 63]. Patients are identified
as either low, moderate, high, or very high risk of cancer
therapy-related CV toxicity. For high-risk patients (e.g.,
males, patients aged >65 years, patients with a previous
history of hypertension, diabetes, QTc >480 ms, AF,
heart failure, cardiomyopathy, or severe coronary artery
disease or valvular heart disease), a baseline echocar-
diogram, transthoracic echocardiogram, and measure-
ment of natriuretic peptides are recommended before
starting therapy with a TKI. Those identified as low or
medium risk are suitable for routine or close oncology
follow-up, whereas patients at high or very high risk are
recommended for cardiology follow-up. Local guidelines
may also suggest geriatric assessments to determine if
patients are fit for treatment [64].

Hypertension: Screening, Monitoring, and Referral

Patients initiating BTKi treatment should monitor
their BP at home weekly for the first 3 months, then
monthly thereafter to monitor for new or worsening
hypertension. BP measurements at every clinic visit are
recommended [55, 65] and are sometimes a regional
requirement for reimbursement. The panelists agreed
that it is important to actively take follow-up BP mea-
surements, particularly in patients with uncontrolled
hypertension. Referral to a cardiologist should be made if
the patient has suspected secondary or resistant hy-
pertension or does not reach the target BP with three
antihypertensive medications (difficult-to-control hy-
pertension) [66]. The panelists voted unanimously for
the statement: “Referral to cardiology should be initiated
for difficult-to-treat hypertension.” Thus, the expert
panel reached a consensus on all three statements per-
taining to screening, monitoring, and referral for the
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management of hypertension. These statements are
listed in online supplementary Table 3. Importantly, the
availability of cardiologists in some European countries
may be limited. As a result, in some countries, hema-
tologists and general practitioners can manage lower
grade CV AEj, if required. The guidelines outlined here
recommend consulting cardiology colleagues in the first
instance. If no assistance is available, then hematologists
can follow the recommendations below.

Hypertension: Treatment and BTKi Dose Modification

According to international consensus, the CV risk
profile of all patients with hypertension should be
considered before beginning treatment with a BTKi [66].
In general, pharmacologic therapy should be initiated
when BP is >140/90 with a target of <120/80 [58, 67, 68],
although local guidelines may offer variations for specific
age groups or based on ambulatory BP monitoring [65].
Angiotensin-converting enzyme inhibitors (ACEis) or
angiotensin II receptor blockers are recommended for
first-line treatment of BTKi-related hypertension.
Combination therapy with ACEi or angiotensin II re-
ceptor blocker and a dihydropyridine (DHP) calcium
channel blocker (CCB) like amlodipine or nifedipine is
recommended in patients with cancer with systolic
BP >160 mm Hg and diastolic BP >100 mm Hg; single-
pill combinations are recommended for those receiving
combination therapy. Thiazide and thiazide-like di-
uretics may be considered in patients with increased
fluid retention and as a part of combination therapy. Use
of mineralocorticoid receptor antagonists should be
considered in resistant hypertension. Beta-blockers, like
metoprolol and bisoprolol, can be considered in special
situations like arrhythmias, tachycardia AF prevention,
and heart failure with reduced/mid-range/preserved
ejection fraction; in case of BTKi-related AF, treatment
with B-blockers alone or in combination are recom-
mended [55, 68, 69]. As per the British Society of
Haematology guidelines for BTKi-related AE manage-
ment, second-line treatments include carvedilol, spi-
ronolactone, hydralazine, and oral nitrates [65].

The panelists were asked if treatment with antihy-
pertensives should begin before or alongside CLL
treatment. The panelists agreed that hypertension can be
managed alongside BTKi treatment, and there is no need
to wait for the hypertension to be resolved before starting
BTKis. Some guidelines recommend starting treatment
with antihypertensives for BP above 150/90 mm Hg.
However, 130/85 mm Hg is a reasonable threshold for

CV AEs with BTKIs: Consensus Article

starting treatment in high-risk CLL patients if they are
also starting BTKi treatment (Fig. 1a); high and very-
high risk CLL being defined as those with a CLL-
International Prognostic Index (CLL-IPI) score of >4
[70, 71]). The panelists also agreed that treatment of
hypertension should be aggressive in patients with un-
controlled hypertension.

The panelists unanimously agreed that hypertension
should be treated per ESC guidelines (with different BP
thresholds for patients with coronary artery disease,
chronic kidney disease, and those who are older, etc.),
and that patients should be educated on lifestyle im-
provements (online suppl. Table 4). Patients who de-
velop uncontrolled or grade 3/4 hypertension should be
referred to a cardiologist or hypertension specialist.
Thiazide and loop diuretics must not be excluded from
the treatment options, especially in resistant and
difficult-to-treat hypertension. It is important to look for
comorbidities (e.g., sleep apnea, hyperthyroidism, obe-
sity, secondary hypertension, etc.) in these patients. Dose
reductions and/or interruptions of BTKi treatment while
finding the most effective antihypertensive may be re-
quired. The decision to pause BTKi treatment also de-
pends on CLL status; if the patient does not have pro-
gressive disease after long-term BTKi treatment, there is
less risk in pausing BTKis than if the patient has
symptomatic disease and has only been on BTKi
treatment for a shorter time (Fig. 1a). Any decision to
reduce the dose of a BTKi or interrupt treatment should
be based on currently available guidelines and summary
of product characteristics or prescribing information for
each BTKi [3, 21, 22].

Dose modification of BTKi should be avoided where
possible, especially in patients at high and very-high risk
of progression (patients with CLL-IPI score of >4), but it
is important to balance this with aggressive management
of hypertension to prevent further complications such as
AF and heart failure [78, 79]. BTKi dose can be reduced
when optimal BP control is not achieved despite max-
imum antihypertensive therapy [65]. If grade 3 or 4
toxicity occurs, BTKi treatment should be interrupted,
and the dose reduced according to the summary of
product characteristics or prescribing information [66].
In cases of repeated toxicity, the BTKi treatment should
be discontinued, according to the summary of product
characteristics or prescribing information, and alterna-
tive CLL therapy should be considered [3, 21, 22]. Online
supplementary Table 4 lists the consensus statements
presented to the panelists on BTKi dose modifications
due to hypertension. All panelists agreed that CLL
treatment should be maintained, if possible, with dose
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Comprehensive clinical evaluation should be performed at baseline

CV risk profile should be considered before beginning treatment with a BTKi

When initiating BTKi treatment, monitor home BP weekly for the first 3 months,

Screening, then monthly thereafter to monitor for new or worsening hypertension

monitoring,

nd referral
and referra Actively take follow-up BP measurements, particularly with uncontrolled hypertension;

BP measurements at every clinic visit are recommended

Treat comorbidities in patients with uncontrolled or grade 3/4 hypertension; refer to cardiologist

Refer to cardiologist for suspected secondary or resistant or difficult-to-control hypertension

Treat BP >140/90 mmHg; in high-risk patients with comorbidities,
treat BP >135/85 mmHg if also starting BTKi

Treat existing hypertension while waiting for BTKi treatment to begin;
manage hypertension alongside BTKi treatment

Combination therapy Diuretics like

ACEis or ARBs are

Treatment

recommended for
first-line treatment of
BTKi-related
hypertension;
second-line treatments
include carvedilol,

with ACEi or ARB and
a dihydropyridine
CCB like amlodipine
or nifedipine is
recommended in
patients with cancer
with systolic

spironolactone may be
considered in patients
with increased fluid
retention.
Beta-blockers, like
metoprolol and
bisoprolol, can be

Thiazide and loop
diuretics must not be
excluded from the
treatment options,
especially in resistant
and difficult-to-treat

spironolactone,
hydralazine, and
oral nitrates

BP 2160 mmHg
and diastolic
BP 2100 mmHg

considered in special
situations like
arrhythmias

hypertension

Dose reduction preferable to pausing treatment

Lower risk in pausing BTKi if patient has stable CLL after long-term BTKi
versus symptomatic disease and only a short period of BTKi treatment

BTKi dose

modification . .
Length of dose reduction is also important as lower dose

could increase risk of progression/lower PFS

In young patients with high risk of disease progression,
only reduce or pause BTKis for AEs grade 23

(Figure continued on next page.)

adjustments as necessary. Dose adjustments should be
considered with caution in patients whose CLL is at high
risk of progression, whereas in all other patients, dose
adjustments can be made if needed. Overall, maintaining

BTKi treatment was considered the priority, particularly
in younger patients.

The experts discussed BTKi dose adjustments and the
impact on efficacy. Real-world evidence and meta-
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Moni

BTK

Risk factors « ESC guidelines are aimed at a general population; therefore, risk factors reported in the

referral, and
treatment

modification « Data on the interaction of acalabrutinib with DOACs are lacking compared with ibrutinib, however,

Drug-drug
interactions

Comprehensive clinical evaluation should be performed at baseline

Key risk factors: established CV disease, uncontrolled hypertension, being male, >65 years

* Review guidelines and tailor treatment based on each individual patient; it is important to
determine which patients treated with BTKis are at high risk

guidelines are for CV disease in general and not specific to patients with CLL

History of AF episodes means patients have paroxysmal AF and
are more likely to experience future episodes

* Regular screening is important to detect asymptomatic AF
* Perform ECG every 3 months during clinic visits

toring, ECGs should be performed if there is a suspicion of AF,

e.g., symptoms of AF or arrythmias detected on smart watches

Guidelines are developed based on the latest scientific evidence and should be followed
and tailored to the treatment pathway of the country and taking into consideration patient factors

Treat patients with CHA,DS,-VASc >2 with anticoagulants

Known drug-drug interactions between DOACs and ibrutinib
* Apixaban is a preferred DOAC?
i dose » Avoid rivaroxaban and dabigatran due to risk of Gl bleeding in patients with BTKis

class effects are seen

Dose-adjust DOAC/BTKi as needed®:

1. Full dose of BTKi and DOAC (majority of patients)

2. Full dose of BTKi and reduced dose of DOAC (e.g., if patient has progressive CLL)

3. Reduced dose of BTKi and full dose of DOAC (e.g., if patient is at high risk of thromboembolic event)
4. Reduced dose of BTKi and reduced dose of DOAC

ACEis are first-line treatments for hypertension and do not interact with BTKis

Anti-arrhythmic drugs other than beta blockers are not offered to patients on BTKis

Treatment decisions in patients in whom beta blockers are not working need to be made with care
Avoid rate control drugs like verapamil, diltiazem, and amiodarone in patients on BTKis

Calcium channel blockers other than verapamil and diltiazem should only be used as a last resort

Fig. 1. Expert recommendations on the management of hypertension (a) and AF (b). GI, gastrointestinal;

DOAC,

direct-acting oral anticoagulants. “Recommendation on the use of apixaban is based on clinical ex-

perience only. PDOAC dose can be informed by clinical trial data on deep vein thrombosis [72-77].

analysis data indicate that dose reductions do not impact  disease progression and potentially lower PES, especially

clinical outcomes [43-46],

but clinician experience with in patients at high risk of progression. Although not a

BTKis showed a lower dose can have an increased risk of general recommendation, some clinicians suggest
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reducing the BTKi dose to reduce the severity of AEs in
older patients, as reported in real-world studies [80, 81],
but in younger patients with a high risk of disease
progression, it is preferable to only reduce or stop BTKis
for grade >3 AEs [80, 81]. It is also important to consider
for how long it is necessary to reduce or interrupt the
dose. In patients with comorbidities who are at high risk
of CV AEs, initiating treatment with a lower dose of
BTKi or switching to an alternative BTKi may be con-
sidered. This approach may enable patients to continue
treatment for a longer time without interruption, al-
though it should be noted that this is not supported by
the official summary of product characteristics or pre-
scribing information for BTKis [3, 21, 22]. Of note, an
interventional study evaluating the efficacy and safety of
ibrutinib monotherapy or ibrutinib+venetoclax combi-
nation with proactive/reactive dose modifications in
patients with untreated CLL is ongoing (TAILOR study,
NCT05963074) [82]. Close collaboration between the
hematologists and cardiologists is vital to find the bal-
ance between efficacy and toxicity (Fig. 1a).

AF: Baseline Assessment, Screening, Monitoring, and
Referral

A comprehensive clinical evaluation should be
performed at baseline, considering the patient’s history,
comorbidities, risk factors, and concomitant medica-
tions [56, 83, 84]. For high-risk patients or those with a
prior history of cardiac disease, all CV risk factors
should be optimized and predisposing factors should be
identified and treated where possible [84]. Baseline and
serial (every 3-6 months) electrocardiograms (ECGs)
should be performed during the first 12 months of BTKi
therapy [65]. Baseline echocardiography is recom-
mended in high-risk patients scheduled to receive
BTKis, and transthoracic echocardiography is recom-
mended in all patients who develop AF during BTKi
therapy. Opportunistic screening for AF by pulse-
taking or ECG rhythm strip is recommended at every
clinic visit during BTKi therapy [55]. If the patient’s
CHA,DS,-VASc score is >2, 24-h Holter monitoring
may be performed to help identify asymptomatic AF
[85]. Patients should self-monitor for palpitations,
dyspnea, and fatigue during BTKi treatment and be
advised to seek assistance if these should occur [18].
Patients should be encouraged to use smart watches or
smartphone applications that detect AF if available and
appropriate for the patient, as these technologies might
play a role in early diagnosis [86].
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In patients with preexisting AF, bleeding risk (HAS-
BLED) should be assessed and all modifiable risk factors
for bleeding should be controlled [85]. Anticoagulant
treatment should be chosen based on patient profile.
Direct-acting oral anticoagulants (DOACs) are preferred
to vitamin K antagonists (VKAs) like warfarin due to
their improved safety profile (e.g., reduced bleeding) and
noninferiority with efficacy [56, 65, 85]. Dose reduction
of DOAC:s can be considered during the period of full-
dose BTKi treatment for patients with high bleeding risk.
In patients with a high risk of stroke who are unable to
use an oral anticoagulant, low molecular weight heparin
(LMWH) can be considered [87].

Management of BTKi-induced AF is complex and
requires a multidisciplinary approach with close col-
laboration between the hematologist and cardiologist,
specialist onco-cardiologist, or multidisciplinary team
[88]. Patients who develop new AF during BTKi treat-
ment should be promptly referred to a cardiologist for
joint decision-making regarding the need for anti-
coagulation, pharmacological/nonpharmacological treat-
ment of symptoms, and rate/rhythm control [65, 89].
Decisions about the choice of alternative rate treatment,
antiarrhythmic treatment, or cardioversion depend on
concomitant cardiac disease and should be performed in
agreement with a consulting cardiologist [85].

Most (93%) of the cardiologists agreed that genetics,
advanced age, high BP, underlying heart disease, alcohol
use, diabetes/obesity, and family history are the most
important risk factors for AF. The strongest predictors of
AF are previous attacks of AF. All panelists agreed that
every attempt to optimize patients’ CV health should be
made before CLL treatment but should not stop patients
from starting CLL treatment if clinically indicated. The
panelists unanimously agreed that if asymptomatic AF is
detected, the patient should be referred to the cardiol-
ogist (online suppl. Table 5).

The panelists agreed that among the classical risk
factors for AF, established CV disease, in particular heart
failure or uncontrolled hypertension, pose the highest
risks. Being male and >85 years of age are also key risk
factors. Previous episodes of AF (paroxysmal AF) are a
strong predictor of future AF episodes; in these cases,
future AF episodes should not be considered as new
onset. Therefore, defining disease and conditions are
important discussions when determining a patient’s risk
factors. It is also important to determine which BTKi-
treated patients are at high risk for AF. Guidelines should
be reviewed, and the risk score must be calculated for
each patient based on the individual risk factors. It
should be noted that risk factors reported in ESC
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guidelines are aimed at CV disease in the general
population and are not specific to patients with CLL;
therefore, collaboration between cardiology and hema-
tology is essential to manage these patients optimally
(Fig. 1a).

The panelists discussed the frequency of ECGs while
screening and monitoring for AF in patients under-
going BTKi treatment. They agreed that AF screening
should be performed in patients who are at high risk.
They also agreed that a baseline ECG should be per-
formed on every patient before starting CLL treatment.
As BTKis can increase the risk of AF, patients receiving
these agents can be considered at risk and should be
screened regularly, especially to detect asymptomatic
AF. Indeed, clinical trials in which patients required
regular ECGs reported higher rates of AF than those in
which ECGs were only conducted with standard-of-
care frequency, illustrating that asymptomatic AF may
be more prevalent in general practice [90]. The panelists
agreed that as ECGs provide information for only a
brief snapshot of time, they should be performed every
3 months in patients receiving BTKis to improve the
chances of detecting asymptomatic disease. An ECG
should also be performed if there is a suspicion of AF
from clinical examination or from patient reports, e.g.,
symptoms of AF or arrhythmias detected on smart
watches (Fig. 1a).

AF: Treatment and BTKi Dose Modification

Although a multidisciplinary approach is important
in managing BTKi-induced AF, in some countries,
hematologists may manage lower grade CV AEs. A rate
control strategy for AF should be used first in most
patients presenting with AF. Beta-blocker treatments
approved for heart failure, such as bisoprolol, carve-
dilol, and metoprolol, are recommended [55, 65, 91,
92]. Digoxin can be considered in these patients, but
verapamil and diltiazem, due to CYP3A4 interactions,
are relative contraindications [84]. Although non-DHP
CCBs like diltiazem and verapamil should be avoided
where possible, they can be considered along with BTKi
dose reductions and close monitoring if the target pulse
rate (below 110 bpm or even lower in symptomatic
patients) is not achieved. CCBs should only be used in
patients with preserved ejection fraction and without -
blockers. Low-dose digoxin can be considered
6 h before or after the BTKi dose with close monitoring
of plasma levels and toxicity [87]. Electrical car-
dioversion should only be undertaken after a trans-
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esophageal echocardiogram is performed to rule out
potential thrombi and is only appropriate for select
patients; it may not be suitable for all patients on BTKi
therapy [57, 93].

As per the ESC guidelines for AF, treatments for
rhythm control include cardioversion, antiarrhythmic
drugs, percutaneous catheter ablation, endoscopic and
hybrid ablation, and open surgical approaches [92].
Hemodynamically unstable patients with new-onset AF
should wundergo wurgent electrical cardioversion.
Rhythm control and thus electrical cardioversion may
be considered in symptomatic patients in whom anti-
arrhythmic drugs are contraindicated. After repeated
episodes of AF in highly symptomatic patients, anti-
arrhythmic medication or catheter ablation may be
considered [85]. Catheter ablation may be an attractive
early treatment option for patients receiving BT'Kis who
develop AF and are at risk of recurrence because of
long-term treatment with BTKis [57]. All antiar-
rhythmic agents except amiodarone are associated with
arrhythmia risk, so caution should be exercised when
considering them; amiodarone is also not the most
suitable treatment as it has drug-drug interactions with
BTKi [56, 94].

Online supplementary Table 6 lists the statements
pertaining to the treatment of AF and BTKi dose
modification/discontinuation in patients with AF. The
panelists agreed that patients should be advised of the
possible risk of AEs and should be involved in treatment
decisions. They also agreed that the CHA,D,-VASC and
HAS-BLED scores should be utilized in all patients. The
panelists voted unanimously on the statement: “Treat-
ment for AF should be initiated per local guidelines
under mutual collaboration between the hematologist
and the cardiologist.” They added that the ESC guide-
lines for AF (general population) should be followed.
When considering antiarrhythmic drugs for the treat-
ment of AF, a cardiology consultation should be ob-
tained. The panelists also emphasized that CLL treat-
ment should be managed by appropriately treating AF
and adjusting the dose of BTKis as needed. Again, BTKi
dose adjustments should be approached with caution in
patients receiving it as first-line therapy or those at high
risk of progression; however, it can be done in patients
on long-term maintenance treatment.

There was general disagreement among the panelists
for the statement, “Each treatment center should devise
their own guidelines” (online suppl. Table 6). They
discussed that guidelines are developed based on the
latest scientific evidence and should be followed, and
each patient’s score should be individualized, based on
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their risk factors. Therefore, each center should follow
the internationally accepted guidelines but should devise
their own treatment pathways for implementing the
guidelines and incorporating local factors that should be
considered. The panelists agreed that the statement
should be modified to, “Each treatment center should
devise their own treatment pathways for implementing
the internationally accepted guidelines.”

With regard to anticoagulation use, direct factor Xa
inhibitors may be preferred in older patients with
multiple comorbidities [95, 96] or in patients with CLL
who develop AF with appropriate BTKi dose reductions
and close monitoring [97]. DOACs are the preferred
anticoagulant therapies over VKA or LMWH [98], but
dabigatran should be avoided in patients receiving
BTKis, given dabigatran is a direct thrombin inhibitor
[57]. Similarly, rivaroxaban undergoes CYP3A4-
mediated metabolism and there is a theoretical risk
that levels of rivaroxaban may be increased in the cir-
culation with concomitant use of ibrutinib [57]. Apix-
aban can be considered the preferred DOAC in these
patients based on clinical experience, registry data
showing fewer bleeding episodes, and findings from the
phase 3 CARAVAGGIO trial in cancer patients with
deep vein thrombosis [57, 72, 88, 89]. Routine use of
aspirin should be discontinued or minimized, and pa-
tients should be monitored for signs of bruising/
bleeding. Dual antiplatelet therapy should be avoided,
and patients should be advised to stop vitamin E, fish oil,
other online supplements, and nonsteroidal anti-
inflammatory drugs before beginning BTKi therapy
(85, 88, 89, 99]. If short-term dual antiplatelet therapy is
indicated, BTKi should be avoided, and a cardiology
consultation should be obtained [89]. Alternatively, if it
is decided to start or continue BTKi therapy, VKA needs
to be replaced with a DOAC, and single antiplatelet
therapy in combination with a DOAC, instead of triple
therapy, should be considered [85].

Temporary dose reduction of BTKi may alleviate AF
that is not optimally controlled with a B-blocker [65]. No
interruption of the BTKi dose is required for grade <3
(asymptomatic or nonurgent medical intervention in-
dicated) AF. For grade >3 AF, BTKi treatment should be
interrupted but restarted as soon as possible once AF is
under control [85, 89]. It is reasonable to lower the dose
of BTKis in patients with bleeding manifestations while
on anticoagulation [96]. If CHA,DS,-VASc score >1,
DOAC can be used, and BTKi treatment can be withheld
if the rate is uncontrolled; once the rate is controlled,
BTKis can be resumed at a reduced dose, or therapy can
be changed [18].
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It is not recommended to discontinue BTKi treat-
ment, as it may lead to disease progression, and the
probability of conversion of AF to sinus rhythm after
discontinuation is low [85, 96]. BTKis should be dis-
continued if unprovoked (without a clear cause), initial
AF or significant ventricular tachycardia occurs during
the first 3 months of treatment or if they recur during
treatment [100, 101] and in patients with clinically
relevant nonmajor bleeding on concomitant anticoag-
ulant [97]. Patients with a CHA,DS,-VASc score of >2
should be considered for temporary BTKi hold until AF
control or discontinuation of BTKi and initiating an
alternative therapy for CLL, along with the use of an-
ticoagulation therapy [83, 98, 100, 101]. While the
CHA,DS,-VASc score is used to predict the stroke risk
in patients receiving BTKi who develop new AF, the
validity of this score is not well established in patients
with cancer [102]; additional studies focusing on the
optimal CHA,DS,-VASc thresholds in patients receiving
BTKis are needed [18]. The decision to hold or change to
another BTKi should be individualized and involve the
treating hematologist or hemato-oncologist, cardiolo-
gist, and the patient [57]. Based on current data, the
current German Onkopedia guidelines state that patients
already receiving the first-line ibrutinib therapy without
relevant side effects should not be switched to acalab-
rutinib or zanubrutinib, as the study data show no
benefits in overall survival to recommend switching
[103]. Treatment should be according to the summary of
product characteristics or prescribing information for
each drug [3, 21, 22].

The panelists agreed that patients with a CHA,D,-
VASC score >2 should be treated with anticoagulants,
with considerations made at the individual patient
level, and that BTKi treatment increases HAS-BLED
risk. The panelists discussed the possible scenarios for
concomitant treatment of CLL and AF with dose ad-
justments as necessary. The four scenarios were: 1) full
dose of BTKi and DOAC, which is the case for most
patients; 2) full dose of BTKi and reduced dose of
DOAC (for instance, in patients with progressive CLL);
3) reduced dose of BTKi and full dose of DOAC (for
instance, in patients at high risk of a thromboembolic
event); and 4) reduced dose of BTKi and reduced dose
of DOAC. There is a paucity of data on DOAC dose
reduction; this means that any dose reduction is
classified as off-label use, and therefore, more infor-
mation is needed to make any specific recommenda-
tions. In some cases, however, the decision to start a
lower dose DOAC with a 10- to 14-day introduction
period may be applied before continuing with the full
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dose. The experts highlighted the importance of col-
laboration between the hematologist and cardiologist
to evaluate the risk of CLL and thromboembolic events
and determine the optimal treatment scenario for each
patient (Fig. 1b).

Drug-Drug Interactions

Drug-drug interactions have important clinical im-
plications when starting new treatments in a patient,
especially in older and comorbid patients, due to pol-
ypharmacy [104]. Anticoagulant treatment often does
not require stopping BTKi treatment, but it is crucial to
keep potential interactions between BTKis and anti-
coagulation for AF treatment in mind [66, 83]. Cardi-
ologists should be made aware of the potential for drug-
drug interactions with CLL medications if they decide
to use agents that interact with CYP3A4, such as
amiodarone [89].

The panelists were asked about drug-drug interac-
tions of CLL treatments with other concomitant CV
drugs. For the statement, “These drug-drug interactions
should not lead to treatment discontinuation in patients
whose hypertension and AF have been treated appro-
priately,” there was 100% consensus from the panelists
(online suppl. Table 6).

During the general discussion for drug-drug inter-
actions, the panelists discussed how the drugs used to
treat AF and hypertension can be managed appropriately
so that any drug-drug interactions would not lead to
discontinuation of CLL treatment. The general con-
sensus was that ACEis are the preferred first-line
treatment for hypertension, as they do not interact
with BTKis. The panelists recommended that amio-
darone and the non-DHP CCB drugs (verapamil and
diltiazem, which are also moderate CYP3A4 inhibitors)
be avoided in patients receiving BTKis, although DHP
CCBs (nifedipine, amlodipine, etc.) can be used. Rate
control drugs other than B-blockers are not offered to
patients on BTKis, and treatment decisions in patients
who have failed B-blockers need to be made with care.
The panelists also agreed that CCBs should only be used
as a last resort in patients taking BTKis due to the po-
tential interactions (Fig. 1b).

There are known drug-drug interactions between
some of the DOAC:s and ibrutinib that lead to increased
levels of both drugs. The expert panel recommended that
the DOACs rivaroxaban, and dabigatran should be
avoided due to the risk of gastrointestinal bleeding in
patients taking BTKis. Apixaban can be considered a
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preferred DOAC due to the low rate of gastrointestinal
bleeding with apixaban compared with other DOACs
[105]; treatment decisions in patients with CLL can be
informed by the phase 3 CARAVAGGIO trial data for
patients with cancer-associated deep vein thrombosis
[72]. The experts agreed that if patients are treated in-
dividually, then CLL treatment can usually be main-
tained, which should be the main treatment goal. A BTKi
dose reduction, according to prescribing guidelines, is
preferable to stopping the treatment altogether or im-
mediately switching to an alternate treatment.

There is lack of drug-drug interaction data between
acalabrutinib/other BTKis and DOACs around dose
modifications, although a class effect can be considered
likely, and interactions similar to those seen with
ibrutinib may be assumed. Information on dose re-
ductions for acalabrutinib and zanubrutinib in the
guidelines focus on non-hematological toxicities, and
there is no specific guidance for CV events, yet the advice
given for ibrutinib is likely to be relatable to all BTKis.
This might be a limitation for new patients starting on
second-generation BTKis.

Conclusion

Patients with CLL who have a previous history of CV
disease are at increased risk of experiencing CV AEs
during CLL treatment, demonstrating the importance of
screening and monitoring for CV AEs, especially hy-
pertension and AF. Although the summary of product
characteristics or prescribing information and treatment
guidelines provide extensive recommendations for the
management of CV AEs associated with BTKis, they
sometimes lack specific practical management recom-
mendations and actionable guidance. The panel of he-
matology and cardiology experts reached a consensus on
most statements pertaining to screening, monitoring,
referral, and treatment of hypertension and AF, BTKi
dose modifications, and drug-drug interactions. One of
the key recommendations was to establish greater col-
laboration between hematologists and cardiologists. The
main aim should be to allow patients to stay on the CLL
treatment by actively and aggressively managing any
CV AEs.
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