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What role do Bruton’s tyrosine kinase inhibitors (BTKi’s) play in the management of chronic 
lymphocytic leukemia (CLL) and mantle cell lymphoma (MCL)? 
 
Bruton’s tyrosine kinase (BTK) is a non-receptor intracellular kinase that belongs to the TEC 
family of tyrosine kinases. BTK plays an essential role in the initiation, progression, and survival of 
lymphocytes in B-cell malignancies, and is a critical effector molecule involved in all aspects of B-
cell development. Overexpression of BTK in CLL and MCL supports cell survival proliferation; BTK 
inhibition is therefore an attractive therapeutic target. 
 
There are currently three BTKi’s available: first-generation ibrutinib, and second-generation 
acalabrutinib and zanubrutinib. All three BTKi’s have been approved in MCL, and ibrutinib and 
acalabrutinib are approved for CLL. BTKi’s have become one standard of care option for patients 
with CLL and represent a new option for those with relapsed/refractory MCL. Acalabrutinib has 
been shown to be non-inferior to ibrutinib, and zanubrutinib has been shown to produce an 
increased overall response compared to ibrutinib, although how this translates into progression-
free survival (PFS) is not yet known.1,2 However, BTKi’s are associated with toxicities that can 
limit their efficacy. The second-generation BTKi’s appear to cause decreased frequency of 
adverse events (statistically significantly less atrial fibrillation) compared to ibrutinib due to a 
decrease in off-target effects.2-4 Still, toxicity causes a significant amount of drug discontinuation. 
In clinical trials, BTKi discontinuation rates range from 5%-16%, but real-world studies suggest 
that this rate may be as high as 42%, with more than half (55%) of discontinuations due to 
adverse events (AEs).5-7 
 
Managing BTKi toxicities is challenging. Dose reductions or interruptions in BTKi therapy remains 
an area of active research, and results are somewhat conflicting. In an analysis of the RESONATE 
trial, dose interruptions greater than one week reduced PFS among those taking ibrutinib for CLL 
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or small lymphocytic lymphoma (SLL), but other studies have demonstrated no change in 
treatment efficacy among those requiring BTKi dose reductions due to concomitant CYP 
medications or increase post-transplant immunosuppression.5,8 Every situation is unique, and 
decisions regarding whether or not to reduce the dose or discontinue a BTKi should be 
personalized. 
 
What are some of the most common toxicities encountered with BTKi’s?  
 
Cardiotoxicity 
BTKi’s can cause cardiotoxicity via off-target effects on the phosphoinositide 3-kinase (PI3K) 
pathways. These pathways play a protective role during cardiac stress, and when they are 
inhibited lead to alterations in the calcium channel, causing action potential prolongation, early 
and delayed depolarization, and arrhythmias. PI3K inhibition can also cause alpha-adrenergic 
stimulation, resulting in myocardial dysfunction and/or hypertension. 
 
There are a number of drug interactions between ibrutinib and medications for atrial fibrillation. 
Diltiazem/verapamil and amiodarone/dronedarone can significantly increase ibrutinib level 
through CYP450 3A4 inhibition, while the effects of direct thrombin inhibitors such as dabigatran 
are exacerbated due to P-glycoprotein inhibition caused by ibrutinib. Factor Xa inhibitors and 
digoxin have similar but more moderate effects stemming from CYP450 3A4 and P-glycoprotein 
inhibition.9  Patients with atrial fibrillation who are taking a calcium channel blocker like diltiazem 
or verapamil who opt to take a BTKi should be switched to beta-blockers whenever possible. 
Digoxin is also preferred over a calcium channel blocker for rate control, but this agent has a 
moderate interaction with ibrutinib, so digoxin levels should be monitored carefully in 
coordination with a cardiologist.  
 
In terms of stroke prevention, traditional risk calculators like the CHA2DS2-VASC score or the HAS-
BLED score do not take into consideration cancer patients and their therapies. Traditional 
anticoagulants such as factor Xa inhibitors have a moderate level of interaction with BTKi’s, and 
their use should involve close monitoring or switching to an alternate stroke prevention 
medication. Early trials with ibrutinib showed an increased risk of intracerebral hemorrhage, so 
anticoagulation should be approached carefully.10 

 
Arthralgia/myalgia 
BTKi’s are associated with arthralgias and myalgias, although the exact mechanisms that cause 
this are unknown. The incidence varies widely between studies, and the presentation can occur 
immediately or a year or more after BTKi treatment initiation. Risk factors for this AE include 
female gender, history of autoimmune disease, and frontline BTKi use.11 

 

In terms of management, some patients experience spontaneous symptom resolution without 
intervention. Patients may try a short trial of non-steroidal anti-inflammatory drugs (NSAIDs) to 
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see if these agents alleviate symptoms, but prolonged use should be avoided due to bleeding 
and renal risk. In severe and/or persistent cases, BTKi dose reductions or discontinuation may be 
considered.  
 
Bleeding risk 
BTK plays an important role in platelet aggregation, and inhibition of BTK confers bleeding risk. 
Ibrutinib is associated with predominantly minor bleeding (ie, grade ≤2 ecchymoses and 
petechiae) in approximately two-thirds of patients.12 Major bleeding (ie, grade ≥3, necessitating 
transfusion or hospitalization) occurs in only 2%-9% of patients.13 Acalabrutinib monotherapy is 
associated with less minor (37%) and major (2%) bleeding.14  
 
Warfarin should be avoided in patients taking BTKi’s. Patients should be educated that 
commonly encountered bruising seen with BTKi’s does not confer an increased risk of major 
hemorrhage and does not necessitate cessation of therapy. Patients with bleeding should be 
encouraged to avoid over-the-counter supplements that may exacerbate bleeding risk, such as 
vitamin E or fish oil. For minor bleeding, temporarily halting BTKi therapy typically resolves 
bleeding within 2-3 days. For severe bleeds, platelet transfusion is recommended, regardless of 
platelet count. Patients should communicate with their healthcare professionals about any 
upcoming surgical procedures so medications can be managed appropriately to reduce bleeding 
risk.  
 
Infection 
BTK and TEC induce a certain amount of inhibition of neutrophils, monocytes, macrophages, and 
T- and B-lymphocytes. Because BTKi’s also inhibit infection-fighting pathways, patients taking 
these agents are at increased risk for viral, bacterial, and fungal infections. In a landmark 
analysis, grade ≥3 pneumonia occurred in 12% of those taking ibrutinib.15 Opportunistic 
infections, including Aspergillus fumigatus and Pneumocystis jirovecii (PJP) have also been 
reported in association with BTKi’s.16,17  
 
Patients should be counseled on their risk of infection, as well as signs and symptoms that are 
suggestive of infection. Patients with questionable symptoms should have a complete work-up 
(in either the in-patient or out-patient setting) with an appropriate index of suspicion for 
opportunistic infections. In the case of severe infection, BTKi therapy should be paused until a 
definitive diagnosis is attained and restarted after the patient demonstrates clinical 
improvement.  
 
Clinicians should ensure that all clinically indicated vaccinations (eg, influenza, pneumococcus) 
are administered prior to treatment, although live vaccines should be avoided. Although there 
are some data emerging that patients with hematologic malignancies have inadequate response 
to the COVID-19 vaccine, at this point, it is still recommended for patients, their family, and close 
contacts.18 Patients deemed at high risk for infection (ie, relapsed/refractory or heavily 
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pretreated patients or those with a prior history of infection) should also be considered for PJP 
and/or herpes virus prophylaxis on a case-by-case basis.  
 
How can clinicians select the optimal BTKi for each patient? 
 
There are a lot of considerations when selecting BTKi therapy. In terms of 
pharmacokinetics/pharmacodynamics, zanubrutinib has a longer plasma half-life and once-daily 
dosing. This could impact medication adherence in patients who value easier, less cumbersome 
treatment regimens, so clinicians should discuss dosing with their patients to determine whether 
once- versus twice-daily dosing has a significant impact in their lives.  
 
Tolerability and safety should be considered as well. Although final phase 3 comparison data are 
pending, second-generation zanubrutinib and acalabrutinib appear to have fewer AEs than 
ibrutinib, including lower risk for bleeding and atrial fibrillation, and less gastrointestinal and 
dermatologic toxicity. However, ibrutinib has the longest-term safety data, so clinicians need to 
keep that in mind.  
 
All BTKi’s are substrates of CYP3A4, and drug-drug interactions should always be considered. 
Patients taking acalabrutinib, specifically, should avoid using all strong CYP34A inhibitors, which 
include clarithromycin, telithromycin, itraconazole, posaconazole, voriconazole, and protease 
inhibitors. Ibrutinib and zanubrutinib should be adjusted to 70 mg and 80 mg QD, respectively, in 
patients taking strong inhibitors. Doses should also be adjusted in those taking moderate 
inhibitors, which include amiodarone, erythromycin, fluconazole, isavuconazole, amprenavir, 
fosamprenavir, diltiazem, and verapamil. In these cases, doses should be reduced to 280 mg QD 
for ibrutinib, 100 mg QD for acalabrutinib, and 80 mg BID for zanubrutinib. In general, 
zanubrutinib appears to have fewer drug-drug interactions versus ibrutinib and may be preferred 
in patients who are taking a lot of medications. 
 
As with all cancer therapies, determining whether BTKi therapy is right for any individual patient 
can be challenging. Clinicians would do well to ensure their knowledge about BTKi mechanisms 
of action, safety, and efficacy is adequate, and engage in shared decision-making with patients 
and other medical team members to determine whether BTKi’s are appropriate for each patient.  
 
 
For more information on BTK inhibitors in CLL and MCL, click here. 
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