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Abstract

Introduction: The choice of BCR-ABL1 tyrosine kinase inhibitors (TKI] for the first line of
therapy (LOT) for chronic-phase chronic myeloid leukemia (CML) is tailored to disease risk
and patient characteristics like comorbidities, which become more prevalent with age.
However, contemporary evaluations of frontline TKI choice and the factors associated with TKI
switching in this specific patient population are lacking.

Methods: We sought to describe TKI use in older patients (age: 66-99 years) with CML in

the United States. Using the Surveillance, Epidemiology, and End Results-Medicare-linked
database, we identified 810 older (median age: 75 years, interquartile range: 70-80 years)

patients diagnosed during 2007-2015.

Results: Imatinib was the most common frontline TKI (63.1%) throughout the study period,
but its utilization as such decreased from 76% in 2010 to 47% in 2015. Most patients (65.3%)
used only one TKI, but 12.5% of the 281 patients who switched from frontline TKl received =4
LOT. Among the 167 patients switching from frontline imatinib, 18.6% eventually returned to
imatinib with nearly all as the third LOT, supporting its favorable safety profile and indicating
that the initial switch from imatinib might have been premature. Older patients within our
cohort, white patients and those with greater comorbidity were less likely to switch from
frontline TKI. Diagnosis year, geographic region, and surrogates for socioeconomic status and
healthcare access had no impact on TKI switching.

Conclusion: As expected, our findings highlight the frequent use of imatinib as the treatment
option for older CML patients despite the availability of second-generation TKls.
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Introduction

BCR-ABLI1-directed tyrosine kinase inhibitor
(TKI) therapy is the standard of care for patients
with chronic-phase chronic myeloid leukemia
(CML). Imatinib, a first-generation (1G) TKI,
was approved by the United States (US) Food
and Drug Administration in 2001 and has
changed the landscape of CML treatment.! Since
the approval of imatinib, several later-generation

TKIs have been approved for the treatment of
CML, including the second-generation (2QG)
TKIs, such as dasatinib in 2010, nilotinib in
2010, and bosutinib in 2017, for frontline treat-
ment.>* The 3G TKI ponatinib was approved in
2012 for patients not benefiting from other TKIs
and for CML characterized by a T315I tyrosine
kinase—domain mutation.> Although 2G TKIs do
not show improved survival when compared with
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imatinib in the frontline setting, patients receiving
them are more likely to achieve earlier and deeper
responses as well as to become eligible for treat-
ment discontinuation.® Initial TKI therapy is well
tolerated and beneficial in many patients, but at
least one-third of patients will require subsequent
use of one or more different TKIs.” Sequencing
of TKIs has become common in clinics and the
proper selection of TKIs is likely to improve out-
comes and resource utilization. However, the
optimal consecutive use of TKIs is unclear and
understudied, particularly in the third-line setting
or beyond.

The choice of TKI is in part dictated by its side-
effect profile, which is an especially important
consideration for the near half of patients with
CML in the United States who are diagnosed at
age 60 years or older.8 Insurance coverage options
and quality, income and cost issues, and other
older patient-specific factors are also likely to
influence treatment choices.® “Real-world” anal-
yses describing the contemporary practice pat-
terns of older CML patients in the United States
are limited. The five currently approved TKIs
have become the standard of care and comprise a
complex treatment landscape for older patients,
who were not well represented in the prospective
TKI trials that excluded many patients due to
comorbidities or did not evaluate the entire scope
of treatment patterns.!-14 Other studies evaluat-
ing the frontline TKI choice of US providers
described CML patients in general and not spe-
cifically the older adult population for whom
comorbidity is more likely to influence this deci-
sion.!115-19 Little is known about the utilization of
the second or third line of therapy (LOT) after
discontinuation of frontline TKI among older
patients with CML as the timeframe of many
studies did not incorporate patients who were
able to receive multiple LOTs. Furthermore, lit-
tle is known regarding the factors that are associ-
ated with TKI switching in older patients with
CML, including age, comorbidities, insurance/
socioeconomic status, and healthcare access. To
better understand the spectrum of contemporary
TKI use among older patients with CML, we
leveraged the Surveillance, Epidemiology, and
End Results (SEER)-Medicare-linked database
to longitudinally evaluate TKI use patterns,
sequencing as well as factors associated with
TKI switching among this understudied group of
patients.

Methods

Data source

Using the SEER-Medicare-linked database, we
assembled a population-based cohort of CML
patients who initiated TKIs after CML diagnosis.
The SEER-Medicare database links patient-level
information on incident cancer diagnoses reported
to the SEER registries with a master file of
Medicare enrollment and claims for inpatient,
outpatient, physician services, hospice care, home
health agencies, durable medical equipment, and
prescription drugs.2? The SEER registries are
population-based and covering approximately
35% of the US population.?! Ethics approval was
not sought for this study because the study did
not involve human subjects—we did not obtain
data through interventions or interaction with any
individual or obtain identifiable private informa-
tion. The reporting of this study conforms to the
STROBE statement. A checklist of the guidelines
is submitted as Supplementary Material.

Study population

We identified older adults diagnosed with CML
(International Classification of Diseases for
Oncology, 3rd edition codes: 9875, 9863) during
2007 to 2015 who fulfilled the following criteria:
(1) were aged 66 (to obtain Medicare claims for 1
year before CML diagnosis to assess comorbidi-
ties) to 99 (to avoid potential changes in the pat-
tern of care for patients =100 years22:23) years
at diagnosis, (2) had known month of diagnosis,
(3) were not reported from autopsy or death cer-
tificate only, (4) had continuous Medicare fee-
for-service Parts A/B and Part D coverage from 1
year and 3 months, respectively, before diagnosis
to end of follow-up (change in Medicare status,
death, or 12/31/2016, whichever came first),
(5) initiated TKI therapy after CML diagnosis,
and (6) had been followed for more than 3 months
after CML diagnosis. Diagnosis year and month
from were obtained from SEER with the first day
of the month used to identify the date of diagno-
sis. To ensure that patients initiated TKIs after
CML diagnosis, we searched patient’s Part D
claims in the 3 months before diagnosis and
excluded those receiving TKIs during that period.
A follow-up of =3 months was required to avoid
including patients who were close to death and
were less likely to receive any CML-directed ther-
apy (Figure 1).
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Treatments

We used Part D claims to identify TKIs (imatinib,
bosutinib, dasatinib, nilotinib, and ponatinib) for
treating CML during our study period. We used
the dispense date and the days of supply to esti-
mate TKI supply available during follow-up. As
patients may switch from one TKI to another and
two different TKIs could not be taken on a same
day, if a person had overlapping supply of more
than one TKI, we assumed the patient started to
use the second TKI and discontinued the first
one. For example, if a patient had a 30-day sup-
ply of imatinib on 1/1/2008 and later a 30-day
supply of dasatinib on 1/15/2008, we assumed the
patient stopped imatinib on 1/14/2008 and started
to use dasatinib on 1/15/2008. If a dispense cov-
erage exceeded the end of follow-up, then the dis-
pense would be censored at the end of follow-up
date. A switch from one TKI to another was
defined as a new TKI LOT. Duration of a LOT
was calculated as the days between first dispense
date to the end of last dispense. Time to first
switch was measured from the first dispense date
to the date of the first switch, and observation
periods were censored if patients did not switch
by the end of the study period. The standard dose
of each frontline TKI was defined as 400 mg daily
for imatinib, 100 mg daily for dasatinib, 300 mg
twice a day for nilotinib, 400 mg daily for bosuti-
nib, and 45 mg daily for ponatinib.

Statistical analysis

Descriptive statistics were used to summarize base-
line patient characteristics and TKI use. Categorical
variables were presented using frequencies and
percentages, and continuous variables were sum-
marized by median and interquartile range (IQR).
Consistent with SEER—Medicare requirement to
preserve confidentiality, all categories with 10 or
fewer patients were reported as <11. Baseline
patient characteristics included age at diagnosis,
sex, race, year of diagnosis, marital status, type of
residential area (big metropolitan area, metropoli-
tan area, or other), SEER region (Northeast,
Midwest, South, or West), modified Elixhauser
comorbidity index (described below), history of
other malignancies, previous cardiovascular dis-
eases (CVDs), previous pulmonary diseases, previ-
ous CVDriskfactors (hypertension,hyperlipidemia,
diabetes mellitus, and tobacco use), low-income
subsidy (a marker for reduced out-of-pocket cost
sharing and lower socioeconomic status), percent-
age of population below poverty at the census tract

at ages 66-99 in 2007-2015

Diagnosed with CML

n=3,731

diagnosis (n=132)

Excluded due to report from death certificate or
autopsy only (n=91), or unknown month of

n= 3,508

a member of HMO (n=1,204)

Excluded due to non-continuous Parts A& B, or | |

n=2,304

Excluded due to noncontinous Part D (n=1,018)

n=1,286

before diagnosis (n=35)

Excluded due to receiving TKls within 3 months | |

n=1,251

after diagnosis (n=176)

Excluded due to less than 90 days follow-up

n=1,075

period (n=265)

Excluded due to not receiving TKls during study | |

Figure 1. Construction of the study cohort.

n=_810
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Table 1. Characteristics of 810 older patients with
chronic myeloid leukemia who received BCR-ABL1
tyrosine kinase inhibitors, 2007-2015.

Table 1. (Continued)

n %

n %

Age at diagnosis (years)

66-69 196 24.2

70-74 199 24.6

75-79 179 22.1

80-84 130 16.0

85-99 106 13.1
Sex

Female 421 52.0

Male 389 48.0
Race

White 705 87.0

Other 105 13.0
Year of diagnosis

2007-2009 173 21.4

2010-2012 267 33.0

2013-2015 370 45.7
Marital status

Married 396 48.9

Unmarried 316 39.0

Unknown 98 12.1
Region

Northeast 165 20.4

West 301 37.2

Midwest 123 15.2

South 221 27.3
Urban/rural

Big metropolitan 424 52.3

Metropolitan 235 29.0

Other 151 18.6

Modified Elixhauser comorbidity score

0 334 41.2
1 261 32.2
=2 215 265

Previous cancer
No 571 70.5
Yes 239 29.5
Previous cardiovascular diseases
No 599 74.0
Yes 211 26.0
Previous pulmonary diseases
No 789 97.4
Yes 21 2.6
Cardiovascular disease risk factors?
No 139 17.2
Yes 671 82.8
Low-income subsidy
No 537 66.3
Yes 273 33.7

Percentage of population below poverty at the
census tract level

0% to <5% 187 23.1
5% to <10% 208 25.7
10% to <20% 236 29.1
20%~100% >168  >20.7
Unknown <11 <1.4

Influenza vaccine within 12 months before
diagnosis

No 317 39.1
Yes 493 60.9

[continued)

aCardiovascular disease risk factors included
hypertension, hyperlipidemia, diabetes mellitus, and
tobacco use.
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level (a proxy for neighborhood socioeconomic
status), and receipt of influenza vaccination in the
12 months prior to CML diagnosis (an indicator
for access to the healthcare system?24). To assess
comorbidities, CVD, pulmonary diseases, CVD
risk factors, we used inpatient, outpatient, and car-
rier claims within 12 months prior to CML diag-
nosis that appeared on any inpatient claims or at
least two outpatient/physician claims more than 30
days apart.?5 As we created individual indicators of
prior CVD, pulmonary diseases, and CVD risk
factors, a modified Elixhauser score was developed
by removing those already included in the CVD
and pulmonary disease-related indicators from the
original Elixhauser score.?52¢ Univariate and mul-
tivariable logistic regression models were used to
compare likelihood of choosing imatinib as the
frontline TKI between the youngest (age 66—69
years) and oldest (age 85-99 years) patients.
Taking time to switch into consideration, we used a
multivariable Cox proportional hazards model
with death and change of insurance as competing
risks to assess impact of frontline TKI agent and
baseline patient characteristics on switching. All
analyses were conducted using SAS, version 9.4
(SAS Institute Inc., Cary, NC) with two-sided
tests and a type-I error of 5% as the threshold for
statistical significance.

Results

We identified 810 patients with newly diagnosed
CML initiating a TKI after CML diagnosis and
followed them for a median of 2.84 (IQR: 1.47—
4.72) years since TKI initiation. The median age
was 75 (IQR: 70-80) years with 52.0% female
and 87.0% white (Table 1).

Of the five TKIs studied, imatinib was used by
72.3% of patients, followed by dasatinib (38.8%)
and nilotinib (28.8%). Bosutinib, the latest avail-
able TKI during the study timeframe, was used
by 38 (4.7%) patients. Ponatinib was the least-
used TKI with only 16 patients (2.0%) ever-
receiving it and nearly all patients using it as third
or later LOT. In addition, 24.9% and 7.9%
patients received two and three different TKIs,
respectively. Only 15 (1.8%) patients received =4
different TKIs with <11 receiving all five TKIs.

A majority of patients received one (65.3%) or
two (21.1%) LOTs. However, some patients
returned to a previously abandoned TKI as a sub-
sequent LOT and accounts for why the number

of LOT may exceed the number of TKIs used for
a given patient. Only 35 (12.5%) patients had
received =4 LOT, with some (<11) receiving up
to 7 LOT. The median duration of frontline TKI
was 18.4 months (range: 5.1-38.8) with a median
duration that varied across frontline agents, rang-
ing from 12.7 months for dasatinib to 21.9
months for imatinib. The median duration of sec-
ond, third, and fourth LOT was 10.5 (range: 2.7—
28.8), 8.0 (range: 2.8-23.7) and 4.5 (range:
0.4-11.8) months, respectively.

Frontline TKI choice and patterns

The median time from diagnosis to the initiation
of frontline TKI therapy was 46 (IQR: 30-83)
days, with 78.3% of patients initiating TKI within
90 days after diagnosis. The proportion of patients
intiating TKI within 90 days slightly increased
from 79.5% of patients diagnosed in 2007 to
86.7% of those diagnosed in 2015. The median
time to initiation was similar among imatinib (44
days, IQR: 28-80 days) and dasatinib (46 days,
IQR: 31-74 days) users, with a longer median
time to initiation (54 days, IQR 36-117 days)
among nilotinib users; correspondently, the pro-
portion of patients intiated within 90 days was
79.1%, 84.0%, and 65.8% among imatinib, dasat-
inib, and nilotinib users, respectively (p < 0.01).

As expected, imatinib (63.1%) was the most fre-
quently used frontline TKI in this older patient
population (Figure 2), and the use of imatinib as
frontline TKI reached a peak in 2009 then
decreased during 2010-2015 (Figure 3). During
the same time, use of dasatinib and nilotinib,
especially dasatinib, as the frontline TKI increased.
Among those diagnosed in 2015, 41.7% patients
received dasatinib as frontline TKI, which was
nearly the same proportion as imatinib (46.7%).
The oldest patients in our study population (age
85-99 years at diagnosis) were more likely to
receive frontline imatinib versus other TKIs when
compared with the youngest patients in our popu-
lation (age 66—69 years at diagnosis) in both uni-
variate (odds ratio (OR) = 1.85, 95% confidence
interval (CI): 1.12-3.07; p = 0.02) and multivari-
able analysis (OR = 1.94, 95% CI: 1.01-3.73;
p = 0.05). The majority of patients treated with
frontline imatinib (87.3%) and frontline dasatinib
(85.0%) initially received the standard dose for
the treatment of chronic-phase CML. In addition,
most patients (70.3%) did not eventually have the
dose of their frontline TKI changed. A total of 203
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M [matinib @ Dasatinib & Nilotinib Bosutinib/Ponatinib

First <1.4%

Line

Second
Line

Third
Line

20.0%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2. Proportion of patients by BCR-ABL1 tyrosine kinase inhibitors and line of therapy among older
patients with chronic myeloid leukemia, 2007-2015.

100% ] ] ] ] ]
90% -
80% R
70%
60%
O First line nilotinib (approved as 1st line in 2010)
50%
O First line dasatinib (approved as 1st line in 2010)
40% e .
W First line imatinib (approved as 1st line in 2002)
30%
20%
10%
0% T T T T

2007 2008 2009 2010 2011 2012 2013 2014 2015
Year of diagnosis

Figure 3. Proportion of patients by frontline BCR-ABL1 tyrosine kinase inhibitors and year of diagnosis among older patients with
chronic myeloid leukemia, 2007-2015.

(25.1%) patients had their frontline TKI dose patients had the dose of their frontline imatinib
eventually decreased; 25.0% and 31.0% of and dasatinib, respectively, decreased.
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TKI switching and patterns

A total of 281 (35.1%) TKI users eventually
switched to another TKI. About half (n = 153,
54.4%) of patients switched to their second LOT
within 1 year after frontline TKI initiation; more-
over, 28 (18.3%) patients switched to a third
LOT within 1 year after frontline TKI initiation.
More frontline dasatinib patients (43.9%)
switched from their frontline TKI than those
treated with frontline imatinib (32.7%). Among
the 686 patients who were alive at 1 year after
frontline TKI initiation, 501 (73.0%) were still
on the frontline TKI, 138 (20.1%) already
switched to their second LOT, 4.7% stopped
TKIs all together, and 2.2% were in between
frontline and second LOT.

Among these 281 switched patients, 59.4% and
29.2% received imatinib and dasatinib as frontline
TKI, respectively. Nearly all patients switching
from frontline imatinib received a 2G TKI as the
second LOT, with 58.7% and 38.3% switching to
dasatinib and nilotinib, respectively. Only 5.3% of
patients used bosutinib or ponatinib as the second
LOT (Figure 2). Of 113 patients who switched
from a frontline 2G TKI, 60.8% received imatinib
as the second LOT. Patients who switched from
frontline dasatinib mainly received imatinib
(59.8%) and nilotinib (31.7%) as their second
LOT. Among patients switching from frontline
nilotinib, 61.3% switched to imatinib and no more
than 10 patients switched to either dasatinib or
bosutinib. Among 110 patients who received a
third LOT, imatinib (30.9%) was the most com-
mon, followed by nilotinib (27.3%), dasatinib
(21.8%), and bosutinib or ponatinib (20.0%).
The most common TKI sequences for patients
who received up to four LOT are presented in
Table 2.

Of the 71 patients who switched from imatinib as
first LOT and received at least 3 LOTs, 43.7%
returned to imatinib. Only 28.6% and 27.2% of
patients who were treated with frontline dasatinib
or nilotinib and received at least 3 LOTs subse-
quently used these 2G TKIs. Of 42 patients who
switched back to the frontline TKI agent, more
than 90% used them as the third LOT.

Similar proportions of patients among those who
switched (85.1%) and who did not switch (86.4%)
received a standard initiation dose (p = 0.62).
However, compared with patients who did not
switch, those who switched were less likely to

decrease dose (17.4% vs 29.1%, p < 0.01).There
was no difference in the likelihood of switching
from frontline imatinib based on subsequent dose
changes (p = 0.46), but patients who received
frontline dasatinib that experienced dose changes
later were less likely to switch (p < 0.01).

Predictors of switching

Multivariable analysis showed that patients who
were on frontline dasatinib were more likely to
switch to a second LOT than those on imatinib
(hazard ratio (HR) = 1.90, 95% confidence
interval (CI) = 1.35-2.66; p < 0.01; Table 3).
Compared with patients diagnosed at 66-69
years, those diagnosed at 85-89 years were 43%
(HR = 0.57, 95% CI: 0.36-0.91; p = 0.02) less
likely to use a second LOT. Non-white patients
were also less likely to switch than their white
counterparts (HR = 0.66, 95% CI: 0.44-0.99;
p = 0.04). In addition, patients who had two or
more comorbidities were less likely to switch from
a frontline TKI than those who had no comor-
bidities (HR = 0.66, 95% CI: 0.46-0.95;
p = 0.02). Diagnosis year, geographic region,
low-income subsidy, percentage of population
below poverty at the census tract level, and receipt
of influenza vaccination in the 12 months before
CML diagnosis had no impact on therapy switch-
ing (Table 3).

Discussion

In this large, contemporary, population-based
study, we report the real-world patterns of TKI
use among 810 older patients with CML. As
expected, the prevalence of relevant comorbidi-
ties in our cohort was noteworthy; 26% of patients
had underlying CVD and 86% had at least one
CVD risk factor. Only 3% of patients had under-
lying pulmonary disease. Even though imatinib
was the most common frontline and ever-used
TKI, its utilization as frontline therapy declined
during the study period as the use of 2G TKIs
increased.

Among older patients, there is an increased prev-
alence of comorbidities,®° as well as more com-
mon chronic medication use that augments the
potential for drug—drug interaction and increases
the likelihood of therapy toxicities.2” These issues
are relevant in the context of the toxicity profiles
associated with TKIs. Imatinib may lead to super-
ficial edema and nausea, with other common
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Table 2. Most common treatment sequence by total number of lines of therapy with BCR-ABL1 tyrosine
kinase inhibitors among older patients with chronic myeloid leukemia, 2007-2015.

Total number of lines  First line Second line Third line Fourth line N %
One
Subtotal 529
Imatinib 344 65.0
Dasatinib 105 19.8
Nilotinib 80 15.1
Two
Subtotal 171
Imatinib Dasatinib 51 29.8
Imatinib Nilotinib 41 24.0
Dasatinib Imatinib 29 17.0
Dasatinib Nilotinib 19 1.1
Nilotinib Imatinib 13 7.6
Three
Subtotal 75
Imatinib Dasatinib Imatinib 14 18.7
Imatinib Dasatinib Nilotinib 12 16.0
Imatinib Dasatinib Bosutinib <11 <14.7
Imatinib Nilotinib Dasatinib <11 <14.7
At least four
Subtotal BB
Imatinib Dasatinib Imatinib Nilotinib <1 <31.4
Dasatinib Imatinib Nilotinib Imatinib <11 <31.4

toxicities including musculoskeletal discomfort,
rash, fatigue, diarrhea, and headache in half of
patients but is associated with less major toxicities
than the other TKIs.%282° The more potent 2G
TKIs have more prominent side effects with
dasatinib associated with pleural and pericardial
effusions and pulmonary hypertension,228 nilo-
tinib with arterio-occlusive events (AOEs) and
pancreatitis,? and bosutinib with gastrointestinal
toxicity.* The most potent 3G TKI ponatinib has
the highest risk among all TKIs for serious
AOEs.30 Although limited in number, some

retrospective studies have reported a higher rate
and severity of toxicities for older CML patients
treated with imatinib,%3! dasatinib,3? and bosuti-
nib,* when compared with younger patients.

Other studies of the broader (and younger) popu-
lation leveraging alternative registry- and claims-
based data sets have demonstrated similar findings
regarding the patterns of frontline TKI choice,
specifically imatinib being the preferred frontline
TKI with a progressive decrease after the availa-
bility of 2G TKIs.10-12,1933 \When evaluating
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special populations like veterans, similarities to
our findings are noted. An analysis of 468 patients
diagnosed with CML during 2006—2015 using the
Veterans Affairs cancer registry noted that imatinib
was the most common frontline TKI throughout
the study period and accounted for 79% of all new
frontline TKI prescriptions during the latter half
of the study period; dasatinib and nilotinib were
used by 13% and 8% of patients, respectively,
with older age, higher comorbidity, and living in a
rural area associated with lesser frontline 2G TKI
use.3? Similar to our results, updated results from
the SIMPLICITY study, which explored the
management of >1000 patients (one-third aged
>65 years) with chronic-phase CML, showed that
there was a shift from the use of imatinib as the
frontline TKI to 2G TKIs from 2009 to 2015.1°
Furthermore, one-third of patients discontinued/
switched from frontline TKI with the most com-
mon reason for such being intolerance.!® We
could not investigate the reasons for switching in
our study due to the lack of such information in
the SEER-Medicare database, but the observa-
tion that 60.8% of the 113 patients who switched
from a frontline 2G TKI received imatinib as the
second LOT may be explained by intolerance to
2G TKI rather than refractory/relapsed disease.

Studies that evaluated TKI utilization using US
health plan claims data and retrospective cohorts
of patients from multiple integrated healthcare
systems have reported similar 20%—30% rates of
eventual switching from frontline TKI with dasat-
inib being the preferred second LOT.1%:12 These
findings are consistent with other analyses of the
general CML population,” but our study con-
firms the same pattern among older CML patients
and enhances an understanding of the “real-
world” practices beyond frontline TKI choices
and beyond first year of therapy.!434 A progres-
sive decrease in median time on TKI with increas-
ing LOT was observed. Few patients who
switched from a frontline 2G TKI eventually
returned to it during a later LOT. In contrast,
nearly 20% of patients who switched from front-
line imatinib eventually returned to imatinib, sug-
gesting that in retrospect the toxicities or other
issues prompting the initial switch might have
been tolerable or manageable, respectively.
Despite the 2G TKIs dasatinib and nilotinib
being approved for frontline therapy the same
year (2010), dasatinib was more commonly used
than nilotinib. In addition, although approved for

Table 3. Factors associated with switching of BCR-ABL1 tyrosine kinase
inhibitors among older patients with chronic myeloid leukemia, 2007-2015.

Hazard ratioe 95% Cl2 p value

Frontline TKI

Imatinib 1.00

Dasatinib 1.90 1.35-2.66 <0.01

Nilotinib 0.95 0.61-1.46 0.80
Age at diagnosis (years)

66-69 1.00

70-74 0.75 0.53-1.06 0.10

75-79 0.88 0.62-1.24 0.45

80-84 0.91 0.60-1.38 0.66

85-99 0.57 0.36-0.91 0.02
Sex

Female 1.00

Male 0.93 0.71-1.21 0.58
Race

White 1.00

Other 0.66 0.44-0.99 0.04
Year of diagnosis

2007-2009 1.00

2010-2012 1.17 0.84-1.62 0.35

2013-2015 1.07 0.76-1.52 0.69
Marital status

Married 1.00

Unmarried 1.18 0.88-1.59 0.27

Unknown 1.49 1.02-2.18 0.04
Region

Northeast 1.00

West 1.02 0.73-1.42 0.93

Midwest 0.83 0.54-1.29 0.41

South 0.91 0.61-1.36 0.64
Urban/rural

Big metropolitan 1.00

(continued)
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Table 3. (Continued)

Hazard ratio=  95% CI? p value

Metropolitan 0.82 0.61-1.10 0.18

Other 1.02 0.71-1.46 0.93
Modified Elixhauser comorbidity score

0 1.00

1 1.04 0.78-1.38 0.80

=7 0.66 0.46-0.95 0.02
Previous cancer

No 1.00

Yes 0.89 0.67-1.19 0.44
Previous cardiovascular diseases

No 1.00

Yes 1.20 0.87-1.66 0.26
Previous pulmonary diseases

No 1.00

Yes 0.89 0.36-2.20 0.80
Cardiovascular disease risk factors®

No 1.00

Yes 1.15 0.82-1.62 0.42
Low-income subsidy

No 1.00

Yes 1.08 0.81-1.44 0.61
Percentage of population below poverty at the census tract level

0% to <5% 1.00

5% to <10% 1.06 0.75-1.49 0.75

10% to <20% 0.93 0.64-1.34 0.68

20%-100% 0.93 0.61-1.41 0.72

Unknown 1.33 0.40-4.44 0.64
Influenza vaccine within 12 months before diagnosis

No 1.00

Yes 1.30 1.00-1.70 0.05

Cl, confidence interval; TKI, tyrosine kinase inhibitors.

2Hazard ratios and 95% confidence intervals were derived from a multivariable Cox
proportional hazards model that simultaneously included all variables in this table.

bCardiovascular disease risk factors included hypertension, hyperlipidemia,

diabetes mellitus, and tobacco use.

use in 2012, ponatinib was rarely used in our
older patient population, likely reflecting provid-
ers’ concern over its proven risk of AOEs in a
population with a greater prevalence of underly-
ing CVD and CVD risk factors.

Non-white patients were less likely to switch from
their frontline TKI. Prior analyses of older US
patients participating in fee-for-service Medicare
have demonstrated that white patients were more
likely than their non-white counterparts to visit a
specialist.3> In addition, a previous SEER-based
analysis of older patients with CML found that,
although the survival of white patients signifi-
cantly improved in the first 5 years after imatinib
became available, this was not the case for black
patients.3® These observations have been attrib-
uted to differences in supplemental insurance
coverage, socioeconomic status, and general
access to healthcare. In our study, older patients
and those with higher comorbidity burden as
measured by a modified Elixhauser comorbidity
score were less likely to switch from frontline TKI
as well. Most patients in our study received front-
line TKI at the recommended dose for the treat-
ment of chronic-phase CML, but “non-standard”
doses did not influence the likelihood of switch-
ing. We did observe, however, that patients who
had the dose of their frontline TKI eventually
decreased were less likely to switch with dasat-
inib-treated patients constituting the bulk of this
observed difference. This may suggest that there
was an attempt by providers to continue with
lower doses as opposed to a TKI switch in
response to TKI-related side effects.

Our study was subject to limitations inherent in
the use of claims data. The SEER-Medicare
database does not include detailed clinical, labo-
ratory, and pathologic information for us to assess
patient disease risk or phase and understand the
reason for TKI switching, which in addition to
tolerability issues could include lack of response
and disease progression. Our study sample was
limited to patients with continuous Medicare fee-
for-service coverage, thus our results may not be
generalizable to Medicare beneficiaries enrolled
in Medicare Advantage plans. The introduction
of generic imatinib preparations in 2016 signifi-
cantly decreased the cost for this TKI and may
potentially influence prescription practices for
CML patients. We did not investigate the effect
of generic imatinib preparations as this was
beyond the scope of our study, which involved
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patients diagnosed with CML up to 2015 and
followed-up to the end of 2016. Finally, bosutinib
was approved for frontline use in 2017, which is
beyond our study period and, hence, was not
commonly used by our patients. Considering its
acceptable toxicity profile and clinicians’ increas-
ing familiarity with this 2G TKI, bosutinib may
play a more prominent role as a frontline TKI
and subsequent LOT for older CML patients in
more recent years.

Despite these possible limitations, our study sam-
ple was large and population-based, and we
incorporated data on a broad range of patient
characteristics including sociodemographic fac-
tors and comorbidities. In addition, we were able
to assess the healthcare received by patients longi-
tudinally and comprehensively, following up
patients well beyond frontline TKI therapy and
beyond the first year after CML diagnosis.

In conclusion, despite the potential for pulmo-
nary toxicity and AOEs with dasatinib and nilo-
tinib, respectively, these TKIs were used in a
substantial proportion of older CML patients.
Even though imatinib utilization decreased over
time, it remained an important treatment option
for this patient population in the frontline set-
ting. Furthermore, one-quarter of patients who
moved onto second LOT received imatinib after
frontline use of a 2G TKI. One-third of TKI
users switched to another TKI, with one in five
patients switching from imatinib eventually
returning to imatinib, indicating that the initial
switch from this 1G TKI might have been pre-
mature. Based on our findings during the era
with multiple 2G TKIs, imatinib continues to
play an important role in the management of
older patients with CML.
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