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Abstract

Background Despite recent approvals of lifesaving treatments for chronic lymphocytic leukemia (CLL), real-world data on
the tolerability of the Bruton tyrosine kinase inhibitor ibrutinib for CLL treatment are lacking, especially in Black patients.
Objective To expand upon a previously reported retrospective chart review of ibrutinib-treated patients with CLL to increase
the number of sites and the enrollment period in first-line (1L) and relapsed/refractory (R/R) settings with a subanalysis
based on ethnicity.

Patients and Methods Adults with CLL who initiated ibrutinib treatment from five centers were followed for > 6 months.

Results We identified 482 patients with CLL [405 White (153 1L, 252 R/R), 37 Black (17 1L, 20 R/R), 40 other/unidentified].
At baseline, 58.5% of all patients (68.8% of Black patients) had hypertension. At a median follow-up of 28.2 months, 31.1%
of patients overall discontinued ibrutinib, 16.2% due to adverse events (12.2% 1L, 18.8% R/R). Overall, 46.0% of patients
experienced > 1 dose hold (40.2% 1L, 49.8% R/R), and 28.8% of patients experienced > 1 dose reduction (24.9% 1L, 31.4%
R/R). Among Black patients, ibrutinib was discontinued in 24.3% of patients (17.6% 1L, 30.0% R/R), 8.1% due to disease
progression and 5.4% due to adverse events; 40.5% of patients experienced > 1 dose hold (35.3% 1L, 45.0% R/R), and 32.4%
of patients experienced > 1 dose reduction (23.5% 1L, 40.0% R/R).

Conclusions Toxicity and disease progression were the most common reasons for ibrutinib discontinuations in the overall
population and among Black patients, respectively. Encouraging research participation of underrepresented patient groups
will help clinicians better understand treatment outcomes.

Plain Language Summary

Ibrutinib, a Bruton tyrosine kinase inhibitor, is an approved oral targeted therapy for the treatment of chronic lymphocytic
leukemia (CLL). Patients treated with ibrutinib can experience side effects (referred to as adverse events) and may need
to reduce the drug dose (referred to as dose reductions) or stop treatment (referred to as discontinuations) for a variety of
reasons. A previous study showed that patients who were treated with ibrutinib experienced frequent dose reductions and
discontinuations. This study described dose reductions and discontinuations in a larger patient population treated with
ibrutinib and also described outcomes in Black patients. Patients with CLL treated with ibrutinib were identified from five
medical centers and were followed for a minimum of 6 months. Patients experienced frequent dose reductions and discon-
tinuations in routine clinical practice. The most common cause of discontinuations was adverse events in the overall patient
population and disease progression in the Black patient population. Black patients treated with ibrutinib had similar rates
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of dose reductions and discontinuations as the overall patient population. Rates of dose reductions and discontinuations for
patients with CLL treated with ibrutinib were higher in this real-world study than in clinical trials.

Toxicity remains the most common reason for ibrutinib
discontinuation among patients with CLL who were
treated with ibrutinib during routine clinical practice.

Black patients with CLL treated with ibrutinib had simi-
lar rates of dose reductions and discontinuations as the
overall cohort.

1 Introduction

Chronic lymphocytic leukemia (CLL) is a commonly
diagnosed chronic leukemia. Over 20,000 new cases are
diagnosed annually in the USA, with ~ 91% of new cases
occurring among White patients and ~ 7% among Black
patients [1, 2]. Black patients with CLL typically present
at a younger age and have worse survival outcomes than
White patients [3]. The etiology for the racial disparities
is not clear [2, 3].

Approval of the covalent Bruton tyrosine kinase inhibi-
tors (BTKis) ibrutinib and acalabrutinib changed the CLL
treatment landscape over the past decade. In young and
elderly patients in first-line (1L), relapsed/refractory
(R/R), and high-risk disease settings, BTKis demonstrated
superior progression-free survival and improved tolerabil-
ity compared with chemoimmunotherapy (CIT) [4]. How-
ever, outcomes that include baseline racial characteristics
have not been described in detail within published clinical
trials. Black race is an independent prognostic variable
for worse overall survival (OS) for patients with CLL [3,
5]. Data demonstrating outcomes with BTKis are limited
because of limited participation of minorities in the pivotal
trials [6]. In fact, the landmark trial data that led to the
US Food and Drug Administration approval of drugs for
CLL between 2011 and 2021 show that, out of 1849 par-
ticipants, only 20 were Black (1.1%) [6]. SEER database
analyses from 2009-2019 identified 57,783 CLL cases, of
which 7.3% were Black patients [3].

BTKis are administered daily, either as monotherapy
or with monoclonal antibodies in a combination therapy
approach [4, 7-10], and are given continuously until
disease progression or intolerance. Early treatment
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discontinuation is associated with worse survival
outcomes [11]. Understanding issues affecting tolerability
of BTKis may help identify treatment modifications
and potentially allow patients to continue treatment.
Importantly, underrepresentation of marginalized
patients in clinical trials make the results difficult to
extrapolate to all relevant populations. Although most
patients with CLL in the USA are treated in community
practice settings [12, 13], real-world data published on
treatment outcomes are mostly obtained from major
academic centers or registrational trials [12, 13]. Studies
of real-world populations are critical to confirm benefits
of new therapeutic agents outside the strictly controlled
clinical trial setting. In addition to lack of real-world
data, follow-up is generally limited to 1-2 years [14,
15]. Discontinuations due to adverse events (AEs) were
reported at 4-9% in phase 3 clinical trials of ibrutinib in
CLL [8, 16], but subsequent real-world studies [17-19]
reported higher rates of discontinuation (14-29%).
Similarly, rates of ibrutinib dose reduction due to AEs
was 9% in clinical trials [20], but these were higher
(11-31%) in real-world studies [14, 15, 21].

In addition to differing dose reduction and discontinua-
tion rates, data on the effectiveness and safety of therapies
in underrepresented communities with CLL are lacking
[22, 23]. Black patients with CLL tend to present at diag-
nosis with more risk factors and experience poorer sur-
vival outcomes compared with White patients [23]. Given
these discrepancies, additional real-world evidence (RWE)
that considers racial disparities in the tolerability of ibru-
tinib in the treatment of CLL is necessary.

In 2020, we completed a pilot retrospective chart review
study to add to the published literature on the real-world
use of ibrutinib among 180 patients with CLL in com-
munity and academic settings [24]. The primary objective
of that study was to describe ibrutinib dose reductions,
discontinuations, and holds (defined as a gap in ibrutinib
use of fewer than 90 days) among patients with CLL in the
context of routine clinical practice, and to determine the
reasons for those decisions.

Since treatment patterns may differ by practice and
experience with the drug, we expanded the study to
include one additional community site and one additional
academic site, and we increased data collection from two
of the community-based networks in the original study.
This expansion enabled us to perform a descriptive analy-
sis on a subgroup of Black patients with CLL treated with
ibrutinib.
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2 Methods

The initial retrospective chart review study design, patient
inclusion criteria, and statistical methodology were previ-
ously reported [24]. In the original study, 180 patients with
CLL treated with ibrutinib at two community networks and
one academic practice were followed for a minimum of 6
months, and their data were abstracted from electronic medi-
cal records. The expansion study included one additional
community site and one additional academic site. Adult
patients with a confirmed diagnosis of CLL were included
in the study if they initiated ibrutinib between March 2014
and February 2020. The 6-month follow-up period for data
collection was extended until August 2020. Patients who
died before the end of the 6-month period were included in
the study.

3 Results
3.1 Overall Patient Population

As of August 2020, a total of 482 patients with a diagnosis
of CLL were identified and enrolled in the study; 189

patients received ibrutinib as 1L therapy and 293 patients
received ibrutinib as therapy for R/R CLL (Table 1). Eighty-
four percent of the patients were White (n = 405) and 7.7%
were Black (n = 37).

For 1L patients, the median age was 71.0 years, and
58.7% of patients were male. Atrial fibrillation was present
at baseline in 13.2% of patients, and 61.9% had hyperten-
sion. Nineteen percent of patients had del(17p), 14.3% had
del(11q), and 39.7% had del(13q). For R/R ibrutinib patients,
the median age was 69.0 years and 64.2% of patients were
male. At baseline, 9.6% of R/R patients had atrial fibrillation
and 56.0% had hypertension; 10.6% of patients had del(17p),
17.1% had del(11q), and 29.7% had del(13q). Genetic muta-
tion testing was documented in ~ 60% of the overall patient
population.

The median follow-up time was 28.2 months (26.1
months 1L, 29.9 months R/R), with patients receiving
ibrutinib for a median of 19.5 months (21.2 months 1L,
16.7 months R/R). Ibrutinib discontinuation, dose reduction,
and dose hold data are summarized in Fig. 1. In the overall
population, 31.1% of patients discontinued ibrutinib
during the study period (22.2% 1L, 36.9% R/R; Table 2).
The median time to discontinuation was 8.4 months (9.3
months 1L, 8.4 months R/R). Overall, 16.2% of patients
discontinued due to AEs (n =23, 12.2% 1L; n =55, 18.8%

Table 1 Baseline characteristics of the overall population of patients with CLL receiving ibrutinib

Baseline characteristics Overall (N = 482) First-line (n = 189) Relapsed/
refractory (n =
293)
Age, median (range), years 70 (40-97) 71 (40-92) 69 (42-97)
Men, n (%) 299 (62.0) 111 (58.7) 188 (64.2)
Race, n (%)
White 405 (84.0) 153 (81.0) 252 (86.0)
Black 37 (1.7) 17 (9.0) 20 (6.8)
American Indian or Alaskan Native 4(0.8) 0 (0) 4(1.4)
Asian 7(1.5) 2(1.1) 5.7
Native Hawaiian or other Pacific Islander 1(0.2) 1(0.5) 0(0)
Other 7(1.5) 1(0.5) 6 (2.0)
Not documented 21 (4.4) 15(7.9) 6(2.0)
Median number of prior CLL therapies (range) 1.0 (04) 0 (0-0) 1.0 (14)
Selected baseline comorbidities, 1 (%)
Hypertension 235 (58.5) 104 (61.9) 131 (56.0)
Atrial fibrillation 53 (11.0) 25(13.2) 28 (9.6)
Prior bleed 19 (3.9) 10 (5.3) 9@3.1)
Congestive heart failure 33 (6.8) 14 (7.4) 19 (6.5)
Selected genetic mutations
del(17p), n (%) 67 (13.9) 36 (19.0) 31 (10.6)
del(11q), n (%) 77 (16.0) 27 (14.3) 50 (17.1)
del(13q), n (%) 162 (33.6) 75 (39.7) 87 (29.7)

CLL chronic lymphocytic leukemia
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Fig. 1 Dose discontinuations, reductions, and holds among the overall population of patients with CLL receiving ibrutinib. /L first-line, AE
adverse events, CLL chronic lymphocytic leukemia, DDI drug—drug interaction, R/R relapsed or refractory

Table 2 Reasons for ibrutinib discontinuations in the overall population and in the subgroups of White and Black patients

Reason for discontinuation®® Overall (N = 482)

White (1 = 405) Black (n = 37)

1L (n = 189) R/R (n=293) 1L (n = 153) R/R (n =252) 1L (n=17) R/R (n = 20)

Adverse event 23 (12.2) 55 (18.8) 21 (13.7) 54 (21.4) 1(5.9) 1(5.0)
Progression/refractory disease 3(1.6) 28 (9.6) 1(0.7) 26 (10.3) 1(5.9) 2 (10.0)
Patient or physician choice 5(2.6) 9(@3.1) 3(2.0) 8(3.2) 0 1(5.0)
Death 2 (1.1) 3(1.0) 2(1.3) 1(0.4) 0 1(5.0)
Drug—drug interaction 0 20.7) 0 0 0 0

Financial 0 0 0 0 0 0

Other 73.7) 6 (2.0) 6(3.9) 5(2.0) 1(5.9) 0

Not documented 2 (1.1) 5(1.7) 2(1.3) 4(1.6) 0 1(5.0)

Data are presented as n (%)
1L first line, R/R relapsed or refractory
#Discontinuation defined as > 90 days without ibrutinib

Occurring after index and within 90 days prior to date of discontinuation

R/R) and 6.4% due to progression/refractory disease (n = 3,
1.6% 1L; n = 28, 9.6% R/R). There were no discontinuations
for financial reasons. Among the patients who discontinued
due to an AE, the most common AEs were atrial fibrillation
(n=6,26.1% 1L; n =10, 18.2% R/R), fatigue (n = 3, 13.0%
1L; n =28, 14.5% R/R), andrash (n = 1,4.3% 1L; n = 8,
14.5% R/R) (Supplementary Table 1). The median time to
discontinuation due to disease progression was 29.3 months
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(43.5 months 1L, 28.8 months R/R), the median time to
discontinuation due to AEs was 6.1 months (4.03 months
1L, 7.2 months R/R), and the median time to next treatment
after discontinuation due to disease progression was 35 days
(74 days 1L, 28 days R/R).

During the study period, 28.8% of patients experienced
at least one dose reduction (n = 47, 24.9% 1L; n = 92,
31.4% R/R). The median time to first dose reduction was
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4.8 months (8.2 months 1L, 3.6 months R/R). In the overall
population, the most common reasons for first dose reduc-
tion were AEs (n =38, 20.1% 1L; n =76, 25.9% R/R), drug-
drug interactions (n = 4, 2.1% 1L; n = 4, 1.4% R/R), and
other (n =3, 1.6% 1L; n = 10, 3.4% R/R). Among patients
who had a dose reduction associated with an AE, the most
common AEs were fatigue (n =6, 15.8% 1L; n = 18,23.7%
R/R), diarrhea (n = 6, 15.8% 1L; n = 10, 13.2% R/R), and
thrombocytopenia (n = 5, 13.2% 1L; n = 8, 10.5% R/R)
(Supplementary Table 1).

Almost half (46.0%) of patients experienced at least one
dose hold (40.2% 1L, 49.8% R/R). The median time to first
hold was 51.5 months in 1L and 17.4 months in R/R ibru-
tinib patients. The median duration of dose holds was 10.5
days in 1L and 15.0 days in R/R ibrutinib patients. The most
common reasons for dose holds were AEs (n = 57, 30.2%
1L; n =98, 33.4% R/R) and procedures (n = 17,9.0% 1L; n
=38, 13.0% R/R) (Fig. 1). Among patients who had a dose
held because of an AE, the most common of these AEs were
rash (n = 8, 14.0% 1L; n = 14, 14.3% R/R), neutropenia (n
=4,7.0% 1L; n = 12, 12.2% R/R), and fatigue (n = 3, 5.3%
1L; n =9, 9.2% R/R) (Supplementary Table 1).

3.2 Black Patients

In this study there were 37 patients with CLL identified as
Black (17 1L, 20 R/R). Median age was 71.0 years in the
overall Black population (65.0 years, 1L; 73.0 years, R/R).
Among these patients, 8.1% had del(17p); 35% of patients
did not have evidence of diagnostic testing. Other important
prognostic markers included 29.7% of patients with del(11q)
(test not documented in 32.4% of patients), and 27.0% of
patients with del(13q) (test not documented in 37.8% of
patients). Comorbid conditions at baseline included hyper-
tension and atrial fibrillation in 68.8% and 2.7% of patients,
respectively.

During the study period, 24.3% of Black patients discon-
tinued ibrutinib (17.6% 1L, 30.0% R/R) and 32.4% experi-
enced at least one dose reduction (23.5% 1L, 40.0% R/R).
The median time to discontinuation was 16.6 months (19.5
months 1L, 11.8 months R/R), and the median time to next
treatment after discontinuation due to disease progression
was 50.5 days (R/R patients only), compared with a median
time to discontinuation of 10.9 months (7.6 months 1L, 11.7
months R/R) in White patients. Among this subgroup, 5.4%
of Black patients discontinued ibrutinib due to AEs (5.9%
1L, 5.0% R/R) and 8.1% due to progression/refractory dis-
ease (5.9% 1L, 10.0%, R/R). Among White patients (n =
405), 18.5% discontinued ibrutinib due to AEs (13.7% 1L,
21.4% R/R) and 6.7% due to progression/refractory disease
(0.7% 1L, 10.3% R/ R) (Table 2).

The median time to first dose reduction was 6.5 months
(14.2 months 1L, 5.3 months R/R). The most common

reason for first dose reduction was AEs (17.6% 1L, 25.0%
R/R). Drug—drug interactions led to dose reduction in 10%
of patients in the R/R group and no patients in the 1L group.
The AE most often associated with dose reductions in the
R/R group was dizziness (10% of patients). In the 1L group,
AEs leading to dose reduction were muscle spasms, fatigue,
and rash (n = 1 each). During the study period, 40.5% of
Black patients experienced one or more dose holds (35.3%
1L, 45.0% R/R).

4 Discussion

The results of the expanded study are consistent with the
initial collection data [24] and other published RWE stud-
ies on ibrutinib therapy for CLL [25-28]. The proportion
of Black patients with CLL in this study is similar to that
reported in SEER databases and matches the demographic
diversity of the population affected by the disease [2, 3]. The
rate of baseline del(17p) mutation in 1L patients in this study
is higher than the rate reported in another frontline study
[10], while the rate of del(17p) mutation in R/R patients in
this study is lower than in previously reported RWE stud-
ies. Higher baseline rates of del(17p) mutation may reflect
that, despite several guidelines recommending testing before
therapy initiation—including International Workshop on
Chronic Lymphocytic Leukemia (iwCLL) guidelines, prog-
nostic marker testing is not commonly performed [27, 28].

In our analysis of 482 patients, there were fewer patients
with del(17p) mutations (13.9% versus 18.3%) and atrial
fibrillation events (11.0% versus 14.4%) compared with the
initial analysis of 180 patients. Higher incidence of atrial
fibrillation may better reflect real-world prevalence, as clini-
cal trials for ibrutinib exclude patients on warfarin, which is
usually taken by patients with atrial fibrillation. The propor-
tion of patients with hypertension (58.5% versus 52.0%) was
higher in this expanded analysis [24].

In the overall population, 16.2% of patients discontin-
ued ibrutinib due to AEs (12.2% 1L, 18.8% R/R). Given
an overall rate for ibrutinib discontinuations of ~ 30%, dis-
continuations due to AEs account for almost half of drug
discontinuations in the study. Rates of discontinuation
due to disease progression were low (~ 6%). The propor-
tion of patients experiencing dose reductions (28.8%) was
similar to the previous report [24]. Compared with the rates
in the trials leading to the approval of BTKis, the rates of
discontinuations and dose modifications seen in real-world
practice are higher. This may be related to a lack of formal
guidelines surrounding AE management [21], or to clinical
trial populations not being representative of the real-world
population, for which AEs may occur at higher rates. Ensur-
ing representative inclusion of patients with comorbidities
and patients from underrepresented groups in clinical trials
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could enhance the generalizability of outcomes and optimize
the medical management of drug-related AEs. Additionally,
given the high rates of AE-based discontinuations in RWE
studies [21], physicians should counsel patients, particularly
those with comorbidities, on potential AEs before initiation
of therapy.

The current expanded study builds on evidence that a
subset of patients treated with ibrutinib experienced prema-
ture discontinuations, dose reductions, and dose holds due
to tolerability issues. For patients on a treat-to-progression
regimen, treatment interruptions may have impacted overall
disease outcomes. A recent study by Collins et al. assessed
impact of adherence to ibrutinib on clinical outcomes using
proportion of days covered (PDC) as a measurement of
adherence and found that patients with PDC > 95% during
the first 6 months of treatment experienced fewer events of
disease progression, but discontinued ibrutinib sooner and
more often due to AEs compared with patients with PDC <
95% [29]. The authors hypothesized that high PDC while
the patient was on therapy led to more AEs, which could be
indicative of tolerability issues with the dosage [29]. How-
ever, PDC only addresses adherence when a patient has an
active prescription and does not account for any time after
the patient discontinues therapy [29].

To our knowledge, our study is the first to report real-
world data on ibrutinib use, rate of discontinuations or dose
holds, and reasons for discontinuation in a subgroup of
Black patients with CLL in the era of commercial access
to novel targeted agents. This addresses an important evi-
dence gap, as most CLL clinical trials over-enroll White
patients relative to cancer incidence and mortality among
that population, with minimal published data available for
minority racial and ethnic populations [6, 22]. On aver-
age, White patients comprise 76-82% of patients in cancer
clinical trials, while Black patients comprise 3—4% [6, 22].
Although the sample was limited, these data mirror what
could be expected in the community, as the proportion of
Black patients in our report reflects what would be expected
in the real world. These data may improve our understand-
ing of racial differences in outcomes among patients treated
with ibrutinib.

The demographic and clinical characteristics of the Black
patients were consistent with the rest of the dataset and with
prior reports of the prevalence of CLL in the Black community
[2]. A larger proportion of Black patients had hypertension
at baseline (68.8% versus 58.5%) compared with the overall
patient population, and a smaller proportion of Black patients
had atrial fibrillation (2.7% versus 11.0%). Black patients
receiving 1L therapy were slightly younger (median, 65.0 ver-
sus 71.0 years) compared with the overall cohort. Fewer Black
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patients discontinued treatment compared with the overall
cohort (24.3% versus 31.1%), but a slightly higher proportion
experienced a dose reduction (32.4% versus 28.8%). The most
common reason for discontinuation among Black patients was
disease progression (n = 3, 8.1%), which was slightly higher
than the overall cohort (n = 31, 6.4%). Black patients experi-
enced longer median time to next treatment compared with the
overall cohort (50.5 days versus 35.0 days, although only two
Black patients initiated a new treatment). As median time to
next treatment in the overall population was 35 days, providers
should be ready to provide next treatment shortly after discon-
tinuation. “Financial toxicity” also may contribute to disparate
rates of discontinuation for underrepresented patient popula-
tions [3]. In this study, wherein no discontinuations occurred
for financial reasons, Black patients had similar outcomes as
the overall cohort. Because clinical trial data are lacking, the
information we obtain from real-world studies, including this
study, may help us better understand whether access to treat-
ment with BTKis becomes an equalizer in racial disparities.

Low genomic and molecular testing rates in the Black
subgroup and low community testing rates in general [12]
are a concern because current iwCLL guidelines recom-
mend diagnostic testing for genetic abnormalities to guide
treatment decisions [30]. Given that CIT is ineffective for
patients with del(17p) and TP53 mutations, there is a risk
that patients who are not tested for these mutations (such
as ~ 40% of patients overall and ~ 35% of Black patients
in this study) could be harmed by exposure to drugs that
are less efficacious and more toxic than other options [31].
Future interventions to improve equitable care should focus
on improving rates of genetic testing among Black patients
to ensure higher-quality therapy.

This study had several limitations. The study utilized
medical records that are created for patient care rather than
research; therefore, the records may contain errors or miss-
ing information. Given its retrospective nature, there may
also be variability in how reasons for reductions and dis-
continuations of ibrutinib are captured across practices. The
study captured only the number of discontinuations and AEs
associated with discontinuation, not all AEs that patients
experienced. We therefore cannot determine if baseline
comorbidities, such as hypertension, led to increased risk of
atrial fibrillation in patients who received ibrutinib. Patients
initiating therapy more recently in the study had limited fol-
low-up time; therefore, true duration of therapy, rates of dose
reduction, and discontinuations may be underestimated for
those patients. Because of the small sample size of Black
patients, no statistical comparison was conducted between
the subgroup and overall cohort. Despite these limitations,
this study of patients treated with ibrutinib is the first to
present real-world ibrutinib data in Black patients.
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5 Conclusion

In our expanded retrospective study, we demonstrate high
rates of dose reductions, holds, and discontinuations in
real-world settings compared with rates reported in clini-
cal trials. AEs were the most common cause of dose reduc-
tions and discontinuations among patients receiving ibru-
tinib treatment.

Although Black race has been associated with worse OS
[3], most data emerged when the mainstay of therapy was
CIT. With an increasing number of novel agents available
for the treatment of CLL, similar real-world studies with
larger numbers of Black patients are needed to identify
areas of unmet need and obtain clinical data on safety and
tolerability in underserved populations. Further research
is needed to understand if the worse outcomes in Black
patients with CLL are due to lack of access to novel drugs
such as BTKis or due to difficulty in managing AEs.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/
$11523-023-00988-0.
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