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Abstract

With tyrosine kinase inhibitor (TKI) therapy, chronic myelogenous leukemia (CML) is now a 

chronic disease. CML patients treated with TKIs (n=1,200) were identified from the OptumLabs® 

Data Warehouse (de-identified claims and electronic health records) between 2000-2016 and 

compared with a non-cancer cohort (n=7,635). The 5-year cumulative incidence of all organ 

system outcomes was significantly greater for the TKI versus non-cancer group. In the first year, 

compared with imatinib, later generation TKIs were associated with primary infections (hazard 

ratios [HR] 1.43, 95% CI 1.02-2.00), circulatory events (HR 1.15, 95% CI 1.01-1.31), and skin 

issues (HR 1.43, 95% CI 1.13-1.80); musculoskeletal and nervous system/sensory issues were less 

common (HRs 0.83-0.84, p<0.05). Increased risk of infections, cardiopulmonary and skin issues 

associated with later generation TKIs persisted in subsequent years. In this real-world population, 

TKI therapy was associated with a high burden of adverse events. Later generation TKIs may have 

greater toxicity than imatinib.
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INTRODUCTION

Chronic myelogenous leukemia (CML) comprises approximately 15% of leukemia 

diagnoses in the United States and nearly 10,000 new patients are diagnosed with CML 

annually [1]. Since imatinib was approved as first-line therapy for CML in 2001, annual 

CML mortality has decreased significantly, with 10-year overall survival from the initial 

IRIS study of imatinib exceeding 80% [2]. Presently, in addition to imatinib, several newer 

tyrosine kinase inhibitors (TKIs; dasatinib, nilotinib, bosutinib, ponatinib) have been widely 

approved for CML treatment. While allogeneic hematopoietic cell transplantation (HCT) 

remains the only definitively curative treatment for CML, its treatment-related toxicity limits 

its application, particularly among older patients and those with more pre-existing 

comorbidities. Even among younger, relatively healthy patients, including children, TKIs 

have supplanted HCT as the initial treatment of choice.

While most imatinib adverse events tend to be mild and often resolve spontaneously or can 

be reduced by brief drug holidays, rare, but serious side effects have been reported more 

commonly with later generation TKIs [3]. These include: an increased risk of bleeding 

independent of platelet count, and pleural effusions (especially dasatinib); arrhythmia 

(especially nilotinib); edema and possibly heart failure, vascular disease, thrombosis, and 

hepatic toxicity (especially ponatinib) [3]. Patients on long-term TKI treatment, particularly 

those who are younger, also have reported significantly lower health-related quality of life 

versus age-matched population controls [4].

Therefore, due to the current need for long-term, and for many, indefinite TKI therapy, 

significant questions remain concerning its impact on long-term health outcomes in CML 

patients beyond mortality. Even though TKI discontinuation recommendations are beginning 

to be issued, most patients would be expected to remain on therapy for at least four to five 

years, and many who stop TKIs need to resume at a later date [5]. Thus, to address this gap 

in knowledge, we used de-identified administrative claims data from a longitudinal, real-

world data asset to examine adverse events in CML patients treated with TKI and without 

HCT, compared with the general population without cancer.

METHODS

Study Population

This retrospective study used de-identified data (not classified as human subjects research) 

from the OptumLabs® Data Warehouse (OLDW), which includes claims for commercially 

insured and Medicare Advantage enrollees, representing a diverse mixture of ages, 

ethnicities and geographical regions across the US [6-8]. Eligible patients were those who 

had a non-diagnostic medical claim for CML (International Classification of Diseases, 9th 

revision [ICD-9], code 205.1, or ICD-10 code C92.1) beginning January 1, 2000 through 

October 31, 2016. These codes do not provide information on disease phase. We defined the 

initial CML claim date as our “index” date. To reduce the possibility of misclassification, 

eligible CML patients were required to have at least one additional CML code 30 to 365 

days after the initial claim. Although the OLDW cannot provide a definitive cancer 

diagnosis date, we required eligible patients to be continuously enrolled for at least 180 days 
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prior to the index date, increasing the likelihood that the index date represents the initial 

CML diagnosis. We also excluded any individual with a solid tumor diagnosis code during 

the 180 days pre-index and 5-years post-index time periods. Within the CML population we 

focused on those with any TKI prescriptions (CML+TKI). TKIs of interest included first 

generation (imatinib) and later generation (dasatinib, nilotinib, bosutinib, ponatinib) agents. 

CML patients who received HCT regardless of TKI exposure (defined using ICD-9 codes 

279.5, 996.85, V42.81, V42.82, and ICD-10 codes T86.0, Z94.8; n=159) were excluded 

from this analysis. CML patients who did not have either TKI prescriptions or HCT codes 

(n=473) were also excluded from further analysis.

We identified enrollees without any cancer diagnoses over their enrollment period to serve as 

a general population (GEN) comparison group. GEN was frequency-matched on an 

approximately 4:1 ratio based on age (10-year increments), sex, index year (3-year 

increments), geographic region (10 US census divisions), and insurance (commercial versus 

Medicare) to the entire CML group. Because GEN patients do not have a natural diagnosis 

date, a proxy index date was chosen for these individuals defined as their health plan 

enrollment date plus a randomly generated number of days, based upon a gamma 

distribution. A gamma distribution was chosen because it best represented the distribution of 

days between enrollment date and diagnosis date in the CML group. All GEN enrollees 

(similar to the CML group) were required to be continuously enrolled in the OLDW for at 

least 180 days prior to their proxy index date and at least 365 days post-index.

Adverse Events and Explanatory Variables

The OLDW contains claims information for all prescription medications and medical 

services submitted to a health plan for payment. For this analysis, similar to our prior work 

[9], we assigned ICD-9 and equivalent ICD-10 codes to major organ system-based 

categories, as well as a potential TKI side effect category focused on several of the more 

unique TKI-associated adverse effects (Supplemental Table 1). In addition to the 

demographic characteristics mentioned above, the OLDW also provided information on each 

individual’s race/ethnicity, household income, and baseline Charlson Comorbidity Index 

(CCI). Race/ethnicity, household income, and educational level are sourced from a national 

supplier of consumer marketing data. Household income was imputed based on a model 

using both public and private consumer data. The CCI was defined using claims data from 

the initial 120 days pre-index (i.e., we excluded the two-month period immediately prior to 

the index date given concern that the presentation and diagnosis of cancer may inflate one’s 

baseline’s CCI) and excluded cancer-related items. From the OLDW, we also determined 

annualized variables for healthcare utilization (number of ambulatory and emergency room 

visits, and inpatient days) and percentage of days with a TKI prescription in the 6 months 

preceding the adverse event of interest (excluding the month immediately prior to the event).

Statistical Analyses

We examined the distribution of baseline demographic and healthcare utilization 

characteristics. For continuous variables, differences were assessed using ANOVA and 

pairwise T-test if normally distributed, or Wilcoxon rank sum or Kruskal-Wallis tests if not 

normally distributed. For categorical variables, Chi-square tests were used. For each adverse 
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events category, we then estimated the 5-year cumulative incidence and associated 

differences with 95% CIs among the CML+TKI and GEN cohorts starting from the index 

time point. Follow-up of individuals without events was censored on October 31, 2017 or 

health plan disenrollment date if earlier.

For analysis of risk factors within the CML-TKI group, we used Cox proportional hazards 

models with time since index as the time scale to estimate the hazard ratios (HRs) and 95% 

CIs for each event category through five years adjusted for sex, age at index date, index year, 

race/ethnicity, and CCI. Because these are multiple-failure data, we used the Prentice-

Williams-Peterson regression method, which stratifies the baseline hazard by event number 

without assuming that events are independent, and uses the total time since index as the time 

scale [10]. We also explored the potential influence of different TKI agents (imatinib versus 

later generation agents), the percentage of preceding days with TKI prescription coverage 

(approximate tertiles: <65%, 65-90%, >90%), and the impact of prior healthcare utilization. 

For all Cox models, hazard assumptions were assessed visually by log-log plots and no 

prominent departures from proportionality were noted [11]. Analyses were completed using 

Stata/SE 15 (College Station, Texas).

RESULTS

As key demographic characteristics were frequency-matched between GEN and the CML 

group, the median diagnosis age of the CML+TKI (55 years [IQR 44-66]) and GEN (56 

years [IQR 44-69]) groups were similar (Table 1). Both groups had similar median follow-

up of approximately three years, with 24.3% of the CML+TKI group and 21.9% of the GEN 

group having continuous follow-up exceeding five years. Within the CML+TKI group, 

73.8% received imatinib (51.7% did not receive any other TKI), 31.0% received dasatinib 

(16.0% as the initial agent), and 26.3% received nilotinib (13.6% as the initial agent). 

Bosutinib and ponatinib usage was rare (2.5% and 1.8% respectively; n<11 receiving these 

agents as the initial drug).

The 5-year cumulative incidence of almost all major organ system outcomes was 

significantly greater for the CML+TKI group compared with GEN (Figure 1A; Table 2). The 

differences remained significant even when cumulative incidences were limited to events 

occurring only in the first-year post-index (Supplemental Table 2), if the first year was 

excluded and only events occurring in years 2 to 5 were analyzed (Supplemental Table 3), 

and if claims were limited to only those occurring as an inpatient (Figure 1B; Supplemental 

Table 4).

Among CML+TKI patients in the first year of treatment, compared with imatinib, later 

generation TKIs were more likely to be associated with primary infections (HR 1.43, 95% 

CI 1.02-2.00), circulatory events (HR 1.15, 95% CI 1.01-1.31), skin issues (HR 1.43, 95% 

CI 1.13-1.80), and potential TKI-specific side effects in general (HR 1.37, 95% CI 

1.06-1.77; Table 3). Among infection subtypes, later generation TKIs were associated with 

an approximate two-fold or greater increased risk of fungal and viral infections compared 

with imatinib. Among specific circulatory and respiratory side effects, later generation TKIs 

were associated with a significantly increased risk of pleural effusions and a borderline risk 
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of hypertension. However, nervous system/sensory and musculoskeletal issues were less 

common with later generation TKIs versus imatinib (HR 0.83-0.84, p<0.05).

During years 2 to 5 of treatment, later generation agents were still associated with an 

increased risk of infections overall, although primary infection risk, including fungal and 

viral causes, appeared attenuated. Circulatory, skin, and potential TKI-specific side effects 

remained more common among patients treated with later generation agents compared with 

those on imatinib during years 2 to 5. Among specific circulatory side effects, stroke was 

significantly more common (HR 1.95, 95% CI 1.39-2.73) along with hypertension (HR 1.09, 

95% CI 1.00-1.20). However, later generation TKIs were associated with a lower risk of 

venous thrombosis versus imatinib (HR 0.45, 95% CI 0.23-0.88). During this time, there 

was no longer a difference in nervous system/sensory and musculoskeletal issues, but 

respiratory issues were more common with later generation TKIs versus imatinib, including 

a continued increased risk of pleural effusions. Overall, these results were similar if only 

second generation TKIs were compared with imatinib, excluding ponatinib (data not 

shown).

When those on nilotinib were compared with dasatinib, dasatinib was associated with a 

40-50% greater risk of respiratory issues across all time periods (Table 4). This includes a 

four-fold increased risk of pleural effusions during years 2-5 of treatment. However, we did 

not observe any other significant differences in adverse events between these two later 

generation TKIs. Other patient characteristics associated with an increased risk of multiple 

organ system adverse events included female sex, older age (≥55 versus <55 years), and 

baseline comorbidity (CCI>0 versus CCI=0; Table 5). Notably, proportion of time on TKIs 

was not associated with a differential risk of subsequent events (Supplemental Table 5). 

Overall, results were similar if models were also adjusted for prior healthcare utilization. 

Utilization by the CML+TKI group was significantly greater compared with GEN for the 

number of annualized ambulatory claims, inpatient days, and emergency room visits, with 

the greatest difference being annualized ambulatory claims (median 19.3 visits [IQR 

12.7-28.7] versus 6.4 visits [IQR 2.8-12.4]; p<0.001; Supplemental Table 6).

DISCUSSION

Based on a longitudinal, real-world data asset of commercial and Medicare enrollees, we 

reported that CML patients treated on TKIs had a significantly greater burden of adverse 

events across most organ system categories compared with the general non-cancer 

population. These differences were apparent within the first year of treatment and persisted 

through five years. We also were able to characterize the burden of these adverse events by 

TKI type, and found that compared with imatinib, later generation TKIs were associated 

with an increased risk of infections, cardiopulmonary and skin issues, with dasatinib 

associated with more respiratory events compared with nilotinib.

Most published studies to date have focused on CML survival, recurrence, and selected 

adverse events captured in the context of randomized clinical trials. For example, the 

landmark IRIS study of imatinib showed that while the efficacy benefits favoring imatinib 

over conventional therapy persisted after >10 years of median follow-up, serious adverse 
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events related to imatinib were relatively uncommon and most frequently occurred in the 

first year of therapy [2]. Pooled data from multiple frontline TKI-based trials at MD 

Anderson have reported excellent overall and conditional survival [12]. Outside of clinical 

trials, most observational cohorts have also focused on conventional oncology metrics like 

overall survival or recurrence-free survival, but generally have limited insights into other 

outcomes [13-16].

A large multi-institutional registry-based study followed over 800 long-term CML survivors 

treated with imatinib for nearly 4 years and reported that only 2% of patients discontinued 

drug because of side effects (overall, 9% discontinued imatinib for any reason) [17]. In this 

study of mainly Italian patients, only 3% of patients had severe adverse events thought to be 

linked imatinib, although over 50% of patients had some non-serious event recorded, mostly 

attributed to imatinib. However, similar to the clinical trial data, interpretation of adverse 

burden and attribution can be challenging in the absence of comparative information to a 

non-cancer or non-TKI group [5].

Outcomes based on clinical trials or pooled from larger academic centers may also differ 

from community-based settings. For example, a recent US-based SEER analysis found that 

CML patients had a greater than two-fold increased risk of death compared with the general 

population, in contrast to data from clinical trials and large academic centers reporting 

similar, or near-similar survival to the general population [18]. The authors suggested that 

the mortality difference may be due to less optimal compliance with and monitoring of TKI-

therapy in the general population [18].

There is also a growing literature that shows that CML patients treated with TKIs have 

poorer health-related quality of life compared with non-cancer peers [4]. In particular, 

female and younger patients (<60 years) have reported greater impairment compared with 

same-sex and same-age non-cancer peers, respectively. Among imatinib-treated patients, 

fatigue, edema, and musculoskeletal pain were common complaints [19]. However, these 

symptoms were also present and prominent in cohorts inclusive of later generation TKIs 

[20]. Overall, while rates varied, in some larger studies up to one-third of patients had 

persistent moderate-severe symptoms [21] and up to 90% had mild persistent symptoms 

[22].

Our results are consistent with these findings, with musculoskeletal events being more 

common among imatinib-exposed patients versus later generation agents in the first year of 

treatment but not subsequently [3]. Neurologic symptoms such as headache are commonly 

reported with TKIs, but more serious neurologic toxicities are uncommon, and a differential 

risk between TKIs has not been clearly established [3]. In contrast, circulatory/respiratory 

complications overall were more common among later generation agents compared with 

imatinib in our study throughout the observation period, even after excluding ponatinib [23]. 

This included significantly increased risks of stroke and pleural effusions, but not a 

significant difference in myocardial ischemia. Ponatinib has been clearly associated with an 

increased risk of vascular events, but its use was extremely limited in our study cohort [23]. 

However, we observed that imatinib was associated with a greater likelihood of venous 
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thrombosis compared with later generation agents, which appears to differ from clinical trial 

results [24].

We also found an increased risk of infections with later generation TKIs versus imatinib. 

While our analysis excluded patients treated with HCT, we did not have information about 

the disease phase, and it is possible that later generation TKIs could have been preferentially 

used among patients with more advanced disease, or given to patients who did not initially 

respond to imatinib. Notably, the relative infection risk appeared attenuated in years 2-5 vs. 

the initial year of therapy. Skin issues are common with all TKIs, although some studies 

have reported nilotinib to be associated with rashes more frequently than imatinib and 

dasatinib [3]. In contrast, pleural effusions (and less often, pulmonary hypertension) are 

reportedly much more common with dasatinib compared with other TKIs used for CML, 

consistent with our results [3,5]. However, studies directly comparing outcomes between 

later generation TKIs have been rare, particularly studies not sponsored by the 

pharmaceutical industry [3,5].

A strength of this analysis is that it represents a real-world sample, providing a different 

perspective from carefully selected clinical trial populations and not limited to those treated 

at academic centers. We also examined a broad range of outcomes, beyond what more 

limited case report forms collect in a clinical trial or a registry-based setting. Our findings 

for the TKI group were also presented in relation with that of the general population. 

However, our study has several limitations. With all administrative datasets, there is potential 

misclassification of codes and outcomes. However, any misclassification should apply 

similarly across groups, and if non-differential, biases results towards the null. Any adverse 

event could also be more likely to be recorded among those with greater healthcare 

encounters, but adjustment for utilization did not materially impact our results. We also 

lacked information on clinical characteristics such as initial disease phase and molecular 

response to therapy, which could have provided more context to our findings if available. 

Finally, our sample was limited those in the OLDW, an insured US population. Those who 

are less well-insured may experience worse outcomes [25].

Nevertheless, this study, even with its limitations, provides useful information in evaluating 

the full spectrum of CML outcomes, in a setting where chronic therapy is now the norm and 

where traditional adverse events reporting is often limited [26]. Given increasing cancer-

related costs, a better understanding of the side effect profiles of CML TKI therapy can 

inform policy makers, particularly the differential profiles of imatinib versus later generation 

agents [27,28]. While later generation TKIs are more potent and achieve faster, deeper 

molecular responses compared with imatinib, these advantages have not translated to 

differences in progression-free or overall survival [5]. A better appreciation of these adverse 

events is also important should discontinuation strategies become more widely adopted, by 

determining if TKI-related side effects resolve completely and health outcomes, including 

patient-reported quality of life, normalize [5,29].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
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Five-year cumulative incidence with 95% CIs (spikes) of adverse events among chronic 

myelogenous leukemia patients treated with tyrosine kinase inhibitors (TKI) compared with 

the general population (GEN): (a) all events, inclusive of ambulatory, emergency room, and 

inpatient claims; (b) events limited to inpatient claims alone. “*” denotes that rates were 

significantly different (p<0.05) versus GEN.
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TABLE 1.

Baseline demographic characteristics of chronic myelogenous leukemia (CML) patients treated with tyrosine 

kinase inhibitors (TKI) only and those who received hematopoietic cell transplantation (HCT) and the general 

(GEN) population

Characteristics (%) GEN
N=7,635

CML+TKI
N=1,200

Female 3459 (45.3) 524 (43.7)

Age at diagnosis, y

  <20 175 (2.3) 16 (1.3)

  20-39 1164 (15.2) 206 (17.2)

  40-59 2924 (38.3) 537 (44.8)

  60-69 1512 (19.8) 238 (19.8)

  ≥70 1860 (24.4) 203 (16.9)

Race

  White 5502 (72.1) 878 (73.2)

  Black 794 (10.4) 125 (10.4)

  Asian 290 (3.8) 43 (3.6)

  Hispanic 636 (8.3) 102 (8.5)

  Unknown 413 (5.4) 52 (4.3)

Household income

  <$50,000 1950 (25.5) 280 (23.3)

  $50,000-$74,999 1185 (15.5) 177 (14.8)

  $75,000-$99,999 938 (12.3) 158 (13.2)

  ≥$100,000 2194 (28.7) 390 (32.5)

  Unknown 1368 (17.9) 195 (16.3)

Index year

  2000-2004 1246 (16.3) 151 (12.6)

  2005-2009 2213 (29.0) 357 (29.8)

  2010-2014 3088 (40.4) 496 (41.3)

  2015-2016 1088 (14.3) 196 (16.3)

Health plan type

  Commercial 5543 (72.6) 951 (79.3)

  Medicare Advantage 2092 (27.4) 249 (20.8)

Charlson comorbidity index

  0 6709 (87.9) 1023 (85.3)

  1 582 (7.6) 96 (8.0)

  ≥2 344 (4.5) 81 (6.8)

Median enrollment, y (interquartile range) 2.8 (1.7-4.6) 2.9 (1.7-4.9)
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