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Abstract

Due to Cytochrome P450 3A (CYP3A) metabolism, clinical trials of ibrutinib-treated CLL 

patients prohibited concurrent medications metabolized by CYP3A. We evaluated concomitant 

medication use in 118 ibrutinib-treated CLL patients outside the context of clinical trials. Seventy-

five (64%) patients were on medications that could increase ibrutinib toxicity and 4 (3%) were on 

drugs that could decrease ibrutinib efficacy. Nineteen (16%) patients were on concomitant CYP3A 

inhibitors (11 moderate, 8 strong), and 4 (3%) were on CYP3A inducers (two patients were on 

both CYP3A inhibitors and inducers). Although the ibrutinib starting dose was changed in 18 

patients on CYP3A interacting medications, no difference in 18-month progression-free survival 

or rate of ibrutinib discontinuation was observed in patients who were not. In routine clinical 

practice, 2 of 3 CLL patients commencing ibrutinib are on a concomitant medication with 

potential to influence ibrutinib metabolism. Formal medication review by a pharmacist should be 

considered in all patients initiating ibrutinib.
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INTRODUCTION

Ibrutinib, a first-in-class Bruton’s tyrosine kinase inhibitor, represents a major treatment 

advance in the management of patients with CLL.1–6 Ibrutinib was FDA approved for 

relapsed or refractory CLL in February 2014 based on a study of 391 patients with relapsed 

or refractory CLL who received single-agent ibrutinib versus ofatumumab.1 In July 2014, 

ibrutinib obtained an expanded indication for CLL patients with deletion 17p13. Recently, 

untreated CLL patients 65 years or older were randomized to ibrutinib or chlorambucil. Risk 

of CLL progression and relative risk of death was 84% lower with ibrutinib versus 

chlorambucil and resulted in an expanded indication as first-line therapy in patients with 

CLL.4

Ibrutinib is extensively metabolized and eliminated by the Cytochrome P450 CYP3A with 

minor involvement of CYP2D6. Both CYP3A and CYP2D6 are part of the Cytochrome 

P450 enzymatic machinery in the liver, and constitute the most significant CYP pathways in 

the oxidative biotransformation of numerous medications.8,9,10 Therefore, the concomitant 

use of ibrutinib and medications that alter CYP3A metabolism can potentially result in 

ibrutinib toxicity or reduced efficacy. In healthy subjects, the co-administration of ibrutinib 

with ketoconazole (a strong CYP3A inhibitor) increased the maximum serum concentration 

(Cmax) and area under the curve (AUC) of ibrutinib by 29- and 24-fold, respectively. The co-

administration of ibrutinib with rifampin (a strong CYP3A inducer) decreased the Cmax and 

AUC by more than 13- and 10-fold, respectively.11 Given these significant changes in the 

concentration of ibrutinib in the presence of medications that inhibit or induce CYP3A 

pathways, clinical trials of ibrutinib in CLL excluded patients who were on these 

medications concurrently. In addition to prescription medications, supplements such as 

garlic, ginkgo biloba, Echinacea, ginseng, St. John’s wort and grape seed.19,20 alter exposure 

of prescription medications metabolized by CYP3A.

Spontaneous bruising or petechiae during ibrutinib was reported to occur in approximately 

50% of CLL patients treated on clinical trials.12 Although the reasons for the increased risk 

of bleeding are not completely understood, it is thought to be due to defective collagen-

mediated platelet aggregation.13,14 CLL patients who were on concomitant anticoagulation 

therapy with warfarin were excluded from ibrutinib clinical trials, and patients requiring 

other anticoagulant or antiplatelet medications were enrolled with caution.

CLL is a disease of older adults who frequently have co-existent health problems. Consistent 

with this fact, patients are frequently on concomitant medications including anti-infectives, 

anticoagulants and antiplatelet therapy at the time they require treatment for CLL. It is 

unknown what proportion of CLL patients starting ibrutinib therapy in everyday practice are 

on medications metabolized through the CYP3A enzymes or other medications that could 

potentially increase its toxicity. We evaluated these aspects in a large cohort of CLL patients 

treated with ibrutinib in routine clinical practice.
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METHODS & MATERIALS

After approval from the Mayo Clinic Institutional Review Board, all CLL patients who 

received ibrutinib therapy outside the context of a clinical trial between November 2013 and 

January 2016 were considered eligible for this study. Baseline clinical and laboratory 

characteristics were recorded for all patients.

An oncology pharmacist reviewed each patient’s electronic medical record in detail prior to 

the start of ibrutinib therapy. Concomitant medications at the start of ibrutinib therapy were 

recorded and categorized as follows: 1) CYP3A inhibitors; 2) CYP3A inducers; 3) 

anticoagulants; 4) antiplatelet agents; and 5) other medications/supplements (selective 

serotonin reuptake inhibitors [SSRIs], Vitamin E, fish oil, or other herbals). Determination 

of the CYP3A inducer and inhibitor status was made according to the FDA’s table of 

substrates, inhibitors and inducers of the cytochrome P450 family of enzymes and 

Cytochrome P450 Drug Interaction table from the Indiana University School of 

Medicine.21,22

Our clinical approach to patients on medications with potential to interfere with ibrutinib 

metabolism was to either stop the interacting medication or switch to an alternative non-

interacting medication if possible. If we were unable to do either of these, we performed the 

following: 1) for concomitant moderate CYP3A inhibitors, we followed the ibrutinib 

package insert recommendations12 and reduced the ibrutinib dose to 140 mg once daily; 2) 

for concomitant strong CYP3A inhibitors (due to no manufacturer recommendations), we 

decreased the ibrutinib frequency to 140 mg every 48 to 72 hours; 3) for concomitant 

CYP3A inducers (strong and moderate with no labeling endorsement for ibrutinib dose 

modifications), we initiated patients on 420 mg once daily with close monitoring for efficacy 

in the first 8 weeks of therapy, and planned to increase ibrutinib dosing if necessary; 4) for 

those on anticoagulation or antiplatelet therapy, we evaluated bleeding risk versus benefit of 

continuing these agents on an individual basis; and 5) discontinued all supplements with 

potential CYP3A interaction or bleeding risk (including Vitamin E, fish oil, and herbals).

All patients were followed at Mayo Clinic during the course of their ibrutinib therapy. 

Evaluations included monthly visits for the first three months, then every three months for 

the duration of therapy. At each visit, patients were evaluated for toxicity with ibrutinib. 

Clinically significant bleeding events were defined as those requiring hospitalization, 

transfusion or procedure. All other bleeding events were classified as minor.

Statistical Analysis

We used Chi-square and Fisher’s exact tests to compare discrete variables, and the Kruskal 

Wallis test to compare continuous variables. Time to ibrutinib discontinuation was defined as 

the interval between initiation of ibrutinib therapy and discontinuation for any reason 

(toxicity or progression of disease), death date, or last known alive date. Cumulative 

incidence curves, accounting for competing risk of death, were generated to depict time to 

ibrutinib discontinuation; when analyzing time to discontinuation for a specific reason (i.e., 

toxicity or progression of disease); the other reason was coded as a competing event. 

Discontinuation rates were calculated by CYP3A interactions as well as by patients who 
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were on CYP3A inhibitors or inducers, and differences between groups were testing using 

the Gray K-sample test. Cumulative incidence functions were used to estimate risk of 

bleeding events while on ibrutinib therapy, accounting for risk of death. Progression free 

survival (PFS) was defined as the interval between start of ibrutinib therapy and death due to 

any reason or disease progression; patients were censored if they 1) stopped ibrutinib due to 

toxicity prior to progression of disease and who were not yet deceased (censored on the last 

date of ibrutinib) or 2) were still alive (censored on last known alive date); PFS was plotted 

using the Kaplan-Meier method, and differences were tested using the log-rank test. All 

statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

One hundred eighteen CLL patients started ibrutinib during the study period. Median age 

was 59 years (range, 29–83 years), and 78 (66%) were male. Indications to initiate ibrutinib 

therapy were relapsed/refractory CLL in 106 (90%) patients, previously untreated CLL with 

del17p13 in 7 (6%) patients and CLL with Richter’s transformation in 5 (4%) patients. The 

median number of prior therapies among 111 previously treated CLL patients (including 

those with Richter’s transformation) was 3 (range 1–18). The baseline characteristics of all 

patients are shown in Table 1. Seventy-five patients (64%) were taking concurrent 

medications with the potential to alter ibrutinib metabolism and/or increase risk of ibrutinib 

toxicity while 4 (3%) of patients were on drugs potentially reducing ibrutinib efficacy. 

Potentially interacting medications included strong and moderate inhibitors of CYP3A4 

(16%), CYP3A4 inducers (3%), anticoagulants (including warfarin, low molecular weight 

heparin and novel anticoagulants, 11%), and antiplatelet medications (48%). Individual 

patients were counted only once if they were on more than one potentially interacting 

medication.

Concomitant CYP3A Medications

At ibrutinib initiation, 21 (18%) patients were on concomitant medications known to induce 

or inhibit CYP3A. This included 19 (16%) patients on concomitant CYP3A inhibitors 

(including 11 [9%] on moderate CYP3A inhibitors and 8 [7%] on strong CYP3A inhibitors), 

and 4 (3%) on strong CYP3A inducers. Two patients were on both a strong CYP3A inhibitor 

and a strong CYP3A inducer. No patient was on a moderate CYP3A inducer. Figure 1 lists 

the names of these interacting medications and the interventions recommended by the 

pharmacist prior to the start of ibrutinib therapy. Of note, two patients on strong CYP3A4 

inducers were also on concurrent strong CYP3A4 inhibitors. The ibrutinib dose was adjusted 

to 140 mg once every other day to account for the potential increased toxicity with the 

concomitant use of the strong CYP3A4 inhibitor. Both patients developed lymphocytosis 

commonly seen after ibrutinib initiation. Overall, medications interfering with CYP3A 

metabolism were discontinued or replaced with an alternative medication prior to the start of 

ibrutinib therapy in 5 patients. A modification of the ibrutinib starting dose was 

recommended in 16 patients who continued on medications altering CYP3A metabolism. 

During the course of ibrutinib, an additional 8 (7%) patients were started on CYP3A4 

inhibitors or inducers which necessitated ibrutinib dose modifications in all 8 patients.
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Concomitant Anticoagulants/Antiplatelet Agents

At the time of commencing ibrutinib, 13 (11%) patients were on anticoagulants (7 warfarin, 

3 enoxaparin, and 3 direct oral anticoagulants), 34 patients were on aspirin (3 also on 

clopidogrel), and 9 were on NSAIDs (2 were also on aspirin). In an attempt to reduce 

bleeding risk, warfarin was switched to enoxaparin in two patients, to a direct oral 

anticoagulant in one patient, to aspirin in one patient, and discontinued in one patient. In two 

patients, an alternative anticoagulant could not be used, so ibrutinib was begun at 140 mg 

daily in conjunction with warfarin and titrated upward as tolerated. Aspirin was discontinued 

in 10 patients, and three patients switched from 325 mg to 81 mg daily. Clopidogrel and 

NSAIDs were continued at current dose in three and 9 patients, respectively. Overall, 11 

patients on concurrent anticoagulant/antiplatelet medications were discontinued or replaced 

with an alternative medication prior to the start of ibrutinib therapy.

Other Medications and Supplements

Prior to starting ibrutinib, 23 (19%) patients were on SSRI’s. SSRI’s were continued in all 

ibrutinib patients. Sixteen patients (14%) were on fish oil or Vitamin E, and 27 (23%) were 

on herbal medications deemed to modify CYP3A metabolism or increase risk of bleeding; 

all were discontinued.

Bleeding

Thirteen patients had bleeding on ibrutinib including four clinically significant bleeds 

requiring hospitalization (1 subdural hematoma, 1 intramastoid bleed, 2 hematomas). Of 

these four patients, one was on enoxaparin, two on a SSRI, and one on a NSAID. Nine 

patients had minor bleeding resulting in a dose reduction of ibrutinib to 140–280 mg daily. 

The risk of any bleeding at 12 months was 11% (95% Confidence Interval [CI] 5–17%).

Discontinuation of Ibrutinib

After a median follow-up of 13 months, 94 (73%) patients remain on ibrutinib. Of the 24 

patients who discontinued ibrutinib therapy, 14 discontinued due to toxicity/intolerance and 

10 due to progression of disease (6 CLL progression and 4 Richter’s transformation). There 

was no difference in the 12-month rates of discontinuation of ibrutinib between patients who 

continued on CYP3A interacting medications with initiation of ibrutinib versus those who 

did not (21% vs 20%, p-value=0.83, Figure 2); there were no differences by CYP3A 

interactions if each reason for discontinuation was evaluated separately. After accounting for 

baseline CYP3A medication use, there was no significant difference in time to ibrutinib 

discontinuation between patients who stopped ibrutinib due to toxicity or due to progression 

of disease.

Progression-free Survival

The estimated 18-month PFS for all patients was 79% (95% CI 69–90%,). There was no 

significant difference in the 18-month PFS between patients who were on a CYP3A 

interacting medication at the time of ibrutinib initiation vs. not (76% [95% CI 52–100%] vs. 

82% [95% CI 71–96%], p-value=0.14, Figure 3).
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DISCUSSION

This is the first study that systematically analyzes pharmacovigilance among CLL patients 

who received ibrutinib therapy in routine clinical practice. Our results indicate that two out 

of three CLL patients commencing ibrutinib therapy are on a preexisting medication with 

the potential to alter ibrutinib metabolism and/or toxicity resulting in a potentially clinically 

significant drug-drug interaction with ibrutinib. With the expertise of a clinical pharmacist, 

all these patients were able to initiate ibrutinib by either altering or stopping offending 

medications or adjusting ibrutinib dose. These interventions did not appear to negatively 

impact the time to discontinuation of ibrutinib or PFS.

It is estimated that CYP3A, the main isozyme of the P450 family, metabolizes 

approximately 50% of all available medications.23 With the advent of targeted therapies in 

cancer, particularly tyrosine kinase inhibitors (TKI), which are all metabolized by CYP3A 

(28 FDA approved kinase inhibitors as of July 2015, including ibrutinib),24 there is an 

urgent need for recognizing the potential for significant drug-drug interactions. In a study 

using a de-identified pharmacy claims database who were co-prescribed one of 9 oral TKIs 

and a drug metabolized by the CYP3A enzyme during a 12-month interval, ~40% patients 

were co-prescribed medications that could decrease the efficacy of the TKI, and ~50% were 

co-prescribed medications that could increase its toxicity.25 Although this study predated the 

approval of ibrutinib, it underscores the problem of significant drug-drug interactions in this 

era of targeted cancer therapies.

It is well documented that drug-drug interactions occur in approximately one-third of 

oncology patients.2627 A recent analysis of 898 cancer patients receiving oral cancer 

therapies found that 46% had risk of at least one potential drug-drug interaction. Sixteen 

percent of patients had a documented major drug-drug interaction that potentially could have 

caused harm to the patient or toxicity requiring intensive monitoring.28 The role of the 

oncology pharmacist in assessing patient medications for drug-drug interactions has been 

deemed important by patients and providers, even if associated with added time and cost for 

the pharmacist visit.29,30 The results from our study emphasize the need for a 

multidisciplinary approach to the care of CLL patients. We found that one of five CLL 

patients initiating ibrutinib therapy is on a concurrent medication that is metabolized by the 

CYP3A family of enzymes. The vast majority of drug classes implicated in this interaction 

include antifungals, antihypertensives, anticonvulsants and other tyrosine kinase inhibitors. 

Additionally, ~10% patients are started on a medication metabolized by the CYP3A isozyme 

during the course of ibrutinib therapy which suggests that an ongoing review of concurrent 

medications needs to also be included in the plan of care.

Although dose adjustments of ibrutinib were made due to a potential for drug interactions in 

approximately two-thirds of patients in our study, no significant difference in either the rate 

of discontinuation of ibrutinib or PFS was observed. In a recent analysis of the ibrutinib arm 

of the RESONATE study (which compared ibrutinib to ofatumumab in relapsed/refractory 

CLL), patients who had a higher mean dose intensity of ibrutinib experienced a longer PFS 

compared to patients who did not (particularly those who skipped more than 7 days of 

ibrutinib).31 The results from our study suggest that the reduced dose of ibrutinib did not 
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significantly alter the rates of discontinuation of ibrutinib or PFS. Additionally, there was no 

significant difference in bleeding risks among patients who had a CYP3A medication 

interaction at the time of ibrutinib initiation.

There are several promising drugs available for relapsed/refractory CLL – including 

idelalisib,32 acalabrutinib,33 and venetoclax.34 All of these agents are metabolized by the 

CYP3A isozyme and will also need careful scrutiny for drug-drug interactions when they are 

used more extensively for the treatment of CLL. Additionally, these novel agents are all 

being tested in patients with previously untreated CLL where their use will significantly 

expand in the future, thereby underscoring the need to monitor for potential drug-drug 

interactions. Given that most of these therapies are administered for an indefinite length of 

time, a careful drug history must be obtained at each visit, and patients must be educated to 

discuss any new prescription drug or over-the-counter medication with their hematologist/

oncologist.

Our study has several strengths. To the best of our knowledge, it is the first study that 

comprehensively describes the number of concomitant medications in CLL patient starting 

ibrutinib in routine practice. Second, an oncology pharmacist reviewed the medication list 

for each patient and assigned risks for drug-drug interactions, including several medications 

that have the potential to adversely impact the efficacy and safety of ibrutinib. This approach 

appears more accurate than use of electronic software to identify potential drug-drug 

interactions. For example, in a study by Yap and colleagues,35 four major drug databases 

including Micromedex.com were able to accurately identify an interaction in only 8–56% 

cases. Our study also has several limitations. It is a single-center study and caution must be 

exercised prior to generalization to other settings. The vast majority of our patients had 

received prior therapy for CLL (median number of prior treatments was 3). This may skew 

the results towards a more heavily pre-treated CLL patient population who are on multiple 

medications, with a large potential for drug-drug interactions. Finally, we did not perform 

BTK occupancy studies among patients in whom the dose of ibrutinib was changed to 

determine if we were achieving adequate blocking of BTK phosphorylation, a valid 

pharmacodynamics endpoint.2 Of note, no dose limiting toxicity or maximum tolerated dose 

was identified in a phase I study looking at 420 mg versus 840 mg ibrutinib daily dosing, 

limiting knowledge of an ibrutinib dose-response relationship with toxicity.2 Because of this, 

we initiated dosing of ibrutinib at 140 to 280 mg once daily in patients on concomitant 

anticoagulants and titrated the ibrutinib dose upward as tolerated to 420 mg daily. Given that 

the outcomes of patients treated with an altered dose of ibrutinib were not significantly 

different from those patients who received full dose ibrutinib, our results suggest that, even 

if this difference was present, it was not clinically meaningful.

In summary, approximately two of three CLL patients initiating ibrutinib therapy are on 

concurrent medications which can potentially alter its efficacy or cause increased toxicity. 

Our results indicate that dose modifications of ibrutinib with concomitant CYP3A 

interacting medications do not appear to negatively impact ibrutinib treatment efficacy for 

CLL. Formal medication review by a clinical pharmacist should be considered in all patients 

initiating ibrutinib therapy.
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Figure 1. 
Pharmacist recommended interventions for CLL patients on Concomitant CYP3A 

Medications at ibrutinib initiation
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Figure 2. 
Discontinuation of Ibrutinib (Progression or Toxicity) by CYP3A Interaction

Finnes et al. Page 12

Leuk Lymphoma. Author manuscript; available in PMC 2018 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Progression-Free Survival by CYP3A Interaction
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Table 1

Baseline Characteristics at diagnosis of all patients

N (%) or [range]

Median age at ibrutinib initiation (range) 59 [29–83]

Sex

 - Female 40 (34%)

 - Male 78 (66%)

FISH

 - Normal 15 (20%)

 - Del 13q- 20 (26%)

 - Trisomy 12 18 (24%)

 - Del 11q- 10 (13%)

 - Del 17p- 13 (17%)

 - Missing 42

IGHV mutation status

 - Mutated 25 (24%)

 - Unmutated 77 (76%)

 - Missing 16

CD38

 - Negative 55 (70%)

 - Positive 24 (30%)

 - Missing 39

CD49d

 - Negative 30 (51%)

 - Positive 29 (49%)

 - Missing 59

ZAP70

 - Negative 28 (38%)

 - Positive 45 (62%)

 - Missing 45

Rai stage

 - Rai 0 45 (45%)

 - Rai I–II 44 (44%)

 - Rai III–IV 11 (11%)

 - Missing 18

Diagnosis

 - CLL 105 (89%)

 - SLL 13 (11%)
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