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Chronic lymphocytic leukemia/small lymphocytic lym-
phoma (CLL/SLL), a malignancy of auto- reactive mature 
B cells, primarily impacts the elderly and increases in 
prevalence with age.1 The first Bruton's tyrosine kinase 

inhibitor (BTKi) ibrutinib, a once- daily oral medication, 
became a standard of care in the treatment of relapsed/
refractory CLL/SLL soon after its US FDA approval in 
2014 given significant improvements in progression- free 
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Abstract
Background: The first- generation BTK inhibitor ibrutinib is a standard- of- care 
therapy in the treatment of chronic lymphocytic leukemia (CLL) despite poten-
tial side effects that often lead to discontinuation.
Methods: This study used 2013–2019 claims data to describe the incidence rate 
of adverse events (AEs) among elderly Medicare beneficiaries newly initiating 
ibrutinib for CLL.
Results: The final sample contained 11,870 Medicare beneficiaries with CLL 
(mean age 77.2) newly initiating ibrutinib, of whom 65.2% discontinued over 
mean follow- up of 2.3 years. The overall incidence rate of AEs was 62.5 per 
1000 patient- months for all discontinuers and 32.9 per 1000 patient- months for 
non- discontinuers. Discontinuers had a higher incidence rate of AEs per 1000 
patient- months compared with non- discontinuers for all AEs examined, includ-
ing infection (22.8 vs. 14.5), atrial fibrillation (15.1 vs. 7.0), anemia (21.9 vs. 14.5), 
and arthralgia/myalgia (19.5 vs. 13.6).
Conclusion: In this first real- world study of a national sample of elderly US pa-
tients treated with ibrutinib, we found a clear unmet need for improved man-
agement of ibrutinib- related AEs and/or new treatments to improve real- world 
outcomes in patients with CLL.
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and overall survival relative to traditional chemothera-
pies.2–4 However, clinical studies have shown several 
adverse events (AEs) to be associated with ibrutinib 
use, some of which can lead to treatment discontinua-
tion. Ibrutinib- related AEs are a more common reason 
for its discontinuation in the real- world setting than in 
clinical trials.2,5–7 The majority of real- world studies in 
the United States to date have been limited to patients 
treated at select academic centers (often with greater 
experience using ibrutinib) or focused on the commer-
cially insured/younger population.5,7–9 Hence, findings 
from these studies may not be representative of the AEs 
observed among elderly patients, who are more likely to 
be frail and have multiple comorbidities. The objective 
of this real- world study is to describe the incidence rate 
of AEs observed after ibrutinib treatment initiation in a 
national sample of US Medicare beneficiaries with CLL/
SLL, stratified by ibrutinib discontinuation status and 
timing of discontinuation.

This retrospective cohort study used 2013–2019 
Medicare claims data (100%), the most recently avail-
able data at the time of the analysis. The Medicare data 
include comprehensive claims for all fee- for- service 
Medicare patients, including Medicare Parts A and B- 
covered medical claims for inpatient care, skilled nursing 
facility care, home health services, outpatient services in-
cluding physician- administered drugs such as infusions, 
durable medical equipment, and hospice services as well 
as Medicare Part D prescription drug events (PDE) files 
for self- administered outpatient drugs. All elderly fee- 
for- service Medicare beneficiaries who newly initiated 
ibrutinib between 01/01/2014 and 12/31/2018 (index 
date = first ibrutinib prescription claim date) were iden-
tified. Patients were required to meet the following cri-
teria: (1) continuous Medicare Part A, B, and D coverage 
in 12 months before and at least 4- months after the index 
date, (2) presence of a diagnosis of CLL/SLL in the 12- 
month pre- index period and at any time over follow- up, 
(3) ≥66 years on index date, (4) absence of ≥2 diagnoses 
for another FDA- approved indication of ibrutinib, and 
(5) absence of ibrutinib prescription in the 12- month pre- 
index period.

Patients were classified as discontinuers (defined 
as the presence of a consecutive 60- day gap in ibrutinib 
treatment9,10) or non- discontinuers. Discontinuers were 
further stratified by whether they discontinued within 
12 months of ibrutinib initiation or not. A selected list of 
hematologic and non- hematologic AEs (see Table S1) was 
identified from the medical claims by the presence of an 
International Classification of Diseases, Ninth and Tenth 
Revision (ICD- 9/ICD- 10) code and were measured over 

the duration of ibrutinib treatment (i.e., from ibrutinib 
initiation date to date of ibrutinib discontinuation or in 
the case of non- discontinuers until the end of the obser-
vation period). To ensure new cases of each of the AES 
were identified and reported, only patients without evi-
dence of a specific AE in the 12- month pre- index period 
(i.e., prior to ibrutinib initiation) were reported as having 
the AE. The outcome of interest in this study was the AE 
incidence rate per 1000 patient- months (i.e., [number of 
new AE cases / total person- months] × 1000) reported by 
discontinuation status. The AE incidence rate per 1000 
patient months was reported overall (i.e., for any AE of 
interest) and by type of individual AE of interest.

The final sample comprised of 11,870 Medicare patients 
who newly initiated ibrutinib treatment between January 
1, 2014 and December 31, 2018 (see Table 2). The mean 
(SD) age was 77.2 (6.8) years; the sample was 58.5% male 
and 90.1% White (Table  S3). Though non- discontinuers 
and discontinuers were largely similar with respect to 
most characteristics, non- discontinuers were slightly 
younger (mean age 76.5 years; 44.5% aged <75 years) 
than discontinuers (mean age 77.6 years; 37.2% aged 
<75 years) and had fewer comorbidities in the pre- index 
period (i.e., atrial fibrillation 13.9% vs. 19.2%) (Table S3). 
Approximately two thirds (65.2%) of patients had evidence 
of being discontinuers whereas the remainder were non- 
discontinuers over a mean follow- up of 2.3 years. When 
stratified by timing of discontinuation, 45.1% of the over-
all sample had discontinued within 12 months, 20.1% had 
discontinued >12 months of ibrutinib treatment, and the 
remaining 34.8% were non- discontinuers over the same 
follow- up period.

The overall AE incidence rate per 1000 patient months 
is presented in Figure  1. The total number of patient- 
months of observation from ibrutinib initiation date were 
107,967 for non- discontinuers, 85,132 for all discontinu-
ers, 22,551 for discontinuers ≤12 months and 62,581 for 
discontinuers >12 months. The overall incidence rate 
including all examined AEs was 62.5 per 1000 patient- 
months for all discontinuers and 32.9 per 1000 patient- 
months for non- discontinuers. The incidence rate in the 
subgroup of discontinuers ≤12 months was even higher 
relative to both non- discontinuers (140.2 vs. 32.9 AEs 
per 1000 patient months) and discontinuers >12 months 
(140.2 vs. 34.5 AEs per 1000 patient months).

The AE incidence rate per 1000 patient months by type 
of AE is presented in Figure 2 and Table S4. The most com-
mon AEs observed in both groups of discontinuers and 
non- discontinuers were hematologic AEs of anemia and 
thrombocytopenia and non- hematologic AEs of infections, 
arthralgia/myalgia, and cardiovascular comorbidities 
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such as atrial fibrillation, heart failure, and ventricular 
arrhythmia. However, discontinuers had a higher inci-
dence rate of AEs compared to non- discontinuers for 

each of the AEs examined. For instance, the incidence 
rate of atrial fibrillation per 1000 patient- months was 7.0 
in non- discontinuers, 15.1 among all discontinuers, 30.2 

F I G U R E  1  Overall incidence of any* adverse event per 1000 patient- months of ibrutinib treatment among elderly Medicare 
beneficiaries with CLL/SLL initiating ibrutinib by discontinuation status and timing of discontinuation. The total number of person- months 
on ibrutinib treatment for non- discontinuers (i.e., total patient- months from ibrutinib initiation date until end of follow- up) were 107,967. 
Total number of person- months on ibrutinib treatment for discontinuers (i.e., total patient- months from ibrutinib initiation date until its 
discontinuation) were 85,132 for any discontinuers, 22,551 for discontinuers ≤12 months and 62,581 for discontinuers >12 months. *Includes 
any adverse event of interest listed in Table S1.

F I G U R E  2  Incidence of individual adverse events per 1000 patient- months of ibrutinib treatment among elderly Medicare beneficiaries 
with CLL/SLL initiating ibrutinib by discontinuation status and timing of discontinuation*. The total number of person- months on ibrutinib 
treatment for non- discontinuers (i.e., total patient- months from ibrutinib initiation date until end of follow- up) were 107,967. Total number 
of person- months on ibrutinib treatment for discontinuers (i.e., total patient- months from ibrutinib initiation date until its discontinuation) 
were 85,132 for any discontinuers, 22,551 for discontinuers ≤12 months and 62,581 for discontinuers >12 months. *See Table S3 for data 
values.
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among discontinuers ≤12 months, and 9.7 among discon-
tinuers >12 months; similarly, incidence rate of any bleed-
ing was 4.9, 11.4, 25.6, and 6.3 per 1000 patient- months, 
respectively.

To our knowledge, this is the first real- world study 
in a national sample of elderly Medicare patients ini-
tiating ibrutinib to demonstrate a substantially higher 
AE incidence rate among patients who discontinued 
ibrutinib versus non- discontinuers, particularly among 
patients who discontinued within 12 months of ibruti-
nib initiation. The overall incidence rate including all 
examined AEs was nearly double for all discontinu-
ers relative to non- discontinuers and over four times 
higher for the subgroup of discontinuers ≤12 months 
relative to non- discontinuers. Given such a large dif-
ference in the incidence rate of AEs, increased clini-
cal attention and mitigation strategies—particularly 
in the first 12 months after initiation—may help in 
preventing premature discontinuation of treatment. 
In particular, we found that cardiovascular comor-
bidities occurred at a significantly higher rate among 
discontinuers compared with non- discontinuers. For 
instance, the rate of atrial fibrillation was more than 
four times higher among patients who discontinued 
within 12 months compared with non- discontinuers. 
Our findings support recent calls for improved man-
agement of ibrutinib- related atrial fibrillation among 
patients with cancer.11,12 In addition to increased 
clinical attention and strategies to mitigate such AEs, 
treatment considerations in elderly patients with CLL 
should include substitution of ibrutinib with equally or 
more effective drugs with lower side effects such as the 
newer generation BTKis.13

It also worth noting that our study results may be an 
underestimate of the true burden of ibrutinib- related 
AEs experienced in elderly Medicare beneficiaries with 
CLL. A substantial proportion of patients had evidence 
of CLL- specific and cardiovascular comorbidities in 
the 12 months prior to ibrutinib initiation. Given that 
our AE incident rate only identified new cases of these 
comorbidities, patients with prior history of these con-
ditions could not be classified as suffering from these 
ibrutinib- related AEs. However, it is possible that the 
use of ibrutinib in these patients worsened pre- existing 
comorbidities (e.g., hypertension or atrial fibrillation). 
Hence, additional efforts are needed to examine the 
ibrutinib- related AE experience of patients with such 
pre- existing comorbidities and identify best manage-
ment practices. It would also be worthwhile to exam-
ine the characteristics of elderly patients more likely 
to experience AEs in the real- world setting who may 
be suitable for targeted AE management or prevention 

strategies or are appropriate candidates for other effec-
tive drugs with fewer side effects. Finally, while our 
study was focused on ibrutinib, the first approved and 
most commonly used BTKi to date, future work should 
assess whether discontinuation rates have decreased 
over time as prescriber experience has increased and 
whether newer generation BTKis have more favorable 
real- world AE rates.

As with any administrative database study, claims are 
subject to possible coding errors and lack detailed clini-
cal information observed in medical charts. Additionally, 
while our definition of discontinuation (presence of a 
consecutive 60- day gap in ibrutinib treatment) has been 
used in prior analyses,9,10 we could not account for phe-
nomena such as dose modification wherein a provider 
may ask a patient to extend their existing prescription, 
thus extending the days' supply beyond what would be 
indicated on the claim. Furthermore, Medicare claims 
data do not report the reason for discontinuation. We 
were also unable to assess whether ibrutinib was received 
in the front- line or relapsed/refractory setting given a 
limited 12- month lookback period for patients in our 
sample. However, this is offset by the ability to perform 
efficient and timely population- level analyses of a na-
tionally representative sample of elderly patients with 
CLL/SLL compared to studies using data sources with 
detailed clinical information that typically have smaller, 
non- representative samples and may require more re-
sources and time to complete. To our knowledge, our 
study offers the largest cohort of ibrutinib- treated pa-
tients (N = 11,870) to date that is multiple folds higher 
than the sample sizes in previously published clinical 
trials or real- world evidence studies of ibrutinib- related 
AEs.2,3,5 Some AEs reported in our study (fever, nausea, 
diarrhea) may be viewed as less severe and providers may 
not be consistently coding them (and most often under- 
reporting them) in the medical claims since they poten-
tially do not impact reimbursement. Hence, our observed 
incidence rate for these AEs may be underestimated. 
While our study found substantially higher rates of AE in 
discontinuers ≤12 months, we are unable to definitively 
ascertain in claims data whether discontinuation oc-
curred due to AEs or disease progression. Furthermore, 
our findings from this Medicare study are not generaliz-
able to younger or commercially insured individuals.

In conclusion, our study found that ibrutinib discon-
tinuation was common in older adults with CLL and those 
with early discontinuation had high incidence of adverse 
events. Future work should evaluate whether improved 
management of ibrutinib- related AEs and/or new treat-
ments can improve real- world outcomes in elderly pa-
tients requiring BTKis for CLL.
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