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Background
• Cardiovascular (CV) events can negatively affect the overall clinical and survival outcomes of patients with 

chronic-phase chronic myeloid leukemia (CP-CML),1 and CV-related hospitalization is costly2,3

• Mounting evidence suggests CV adverse events associated with certain tyrosine kinase inhibitors (TKIs) may 
contribute to the incidence of CV events in the CML population4,5

 − During therapeutic decisions, the potential for TKI-related cardiotoxicity should be weighed against 
treatment benefits

• SIMPLICITY (NCT01244750) is an ongoing observational study of patients with CP-CML receiving first-line 
(1L) imatinib (IM), dasatinib (DAS), or nilotinib (NIL) in Europe and the United States (US) outside the clinical 
trial  setting

• Previous evaluations of CV-related hospitalization in SIMPLICITY patients across Europe and the US found that: 

 − After a median follow-up of 44 months, 49 SIMPLICITY patients were hospitalized for CV conditions6

 − With follow-up of up to 60 months, the rate of CV-related hospitalization with 1L NIL was up to double 
that of 1L DAS; as a whole, the NIL cohort was also associated with longer total LOS7

Objectives
• This analysis evaluates CV-related hospitalization rates for SIMPLICITY patients in the US receiving 1L IM, 

DAS, or NIL, including the incidence of hospital admissions and length of hospital stay (LOS), and related costs

Methods 
• Baseline demographics are presented for patients receiving 1L IM, DAS, or NIL recruited prospectively 

into SIMPLICITY at US sites 

• CV-related hospitalizations were identified over the course of 1L treatment with IM, DAS or NIL from 
review of the electronic case report forms completed by clinicians

 − To control for the possible confounding effects of multiple lines of TKI therapy, the evaluation period 
per patient was from 1L TKI start until 30 days post-treatment, or start of a subsequent line of TKI 
therapy, whichever came sooner

 − Incidences of preferred Medical Dictionary for Regulatory Activities terms in the CV category were 
extracted from the intolerances to TKI therapy entered by investigators as targeted listings and free text

• Mean CV-related hospitalization costs were obtained from the 2016 Healthcare Cost and Utilization 
Project-National (Nationwide) Inpatient Sample (HCUP-NIS) database; HCUP-NIS data were used to 
determine the overall mean hospitalization costs per CV event

 − 2016 costs were converted to 2018 US dollars via the medical component of the Consumer Price 
Index (CPI); CPI-converted costs were further adjusted by a professional fee ratio (a weighted mean of 
ratios, sourced from published literature, for private, Medicare, Medicaid, and ‘other’ payers8,9)

• Statistical comparisons were made using t-tests and the Mann–Whitney U test for continuous variables 
and chi square test for categorical variables

• CV-related hospitalization rates and LOS during treatment with IM, DAS, or NIL were evaluated on a 
per-1,000-patient-year (PY) basis

• For each TKI, estimates for the total CV-related hospitalization cost per 1,000 PY were calculated by 
multiplying the adjusted overall mean hospitalization cost per CV event by the number of hospitalizations 
per 1,000 PY

1L, first line; CV, cardiovascular; DAS, dasatinib; IM, imatinib; LOS, length of hospital stay; NIL, nilotinib; PY, patient-years; TKI, tyrosine kinase inhibitor;  
US, United States.

*Due to the limitations of the data capture process, granulomatosis with polyangiitis cannot be definitively classed as a CV-related event and may be linked to  
other causes.  
CV, cardiovascular; DAS, dasatinib; IM, imatinib; LOS, length of hospital stay; NIL, nilotinib; TKI, tyrosine kinase inhibitor.

• CV-related events and hospitalizations were reported among US patients with  
CP-CML receiving 1L TKIs; the majority of these hospitalizations occurred within  
18 months of TKI initiation

• The incidences of CV-related hospitalizations and LOS (hemorrhage events excluded) 
were highest among patients receiving 1L NIL compared with those in the IM and  
DAS cohorts

• Mean hospitalization costs were lowest among patients receiving DAS compared with 
those in the IM and NIL cohorts

• Further analysis is required to better understand the association between TKI therapy 
in patients with CP-CML and hemorrhage events

• Additional research is also required to understand the relationship between CV risk 
and comorbidities at baseline and CV-related hospitalization among SIMPLICITY 
patients receiving 1L TKIs

• The potential for added morbidity, healthcare utilization, and associated costs due to 
CV complications must be considered when making decisions on the appropriate  
TKI for individual patients with CP-CML

Conclusions
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Incidence of CV-Related Hospitalizations and LOS

Hemorrhage-Related Hospitalizations
• Due to the limitations of the data capture process, hemorrhage events cannot be definitively confirmed to be 

CV related and may be linked to platelet dysfunction

• Hospitalizations and LOS related to hemorrhage events, and their associated cost, among patients receiving 
1L IM, DAS, or NIL are presented below (see Table 4)

Cost of CV-Related Hospitalization (Hemorrhage Events Excluded)
• Based on the number of hospitalizations per 1,000 PY, the total CV-related hospitalization cost per TKI  

was determined (see Figure 2)

• Median follow-up across the different TKI cohorts was at least 4 years (48.7–51.3 months; see Table 1)

• Most baseline demographics were similar across the different TKI cohorts in the US SIMPLICITY 
population; however, statistically significant differences were observed in:

 − Median age (P=0.0467)

 − Practice type (P=0.0100)

 − Baseline comorbidity [fatigue] (P=0.010)

 − Stratified duration of therapy (P=0.0005)

• Across all TKI cohorts, approximately half of all patients receiving 1L TKI had baseline CV comorbidities

CV-Related Hospitalization (Hemorrhage Events Excluded)
• Of the 808 SIMPLICITY patients receiving 1L IM, DAS, or NIL, 32 (4.0%) had CV-related hospitalizations, 

resulting in 141 days of hospital stay 

• The number of unique CV-related hospitalizations and total LOS, per TKI, are shown in Figure 1; as are the 
rates and durations of these hospitalizations per 1,000 PY

• A breakdown of the events leading to CV-related hospitalization are shown in Table 2, and the incidence 
of these distinct events per 1,000 PY are listed in Table 3

Time to First CV-Related Hospitalization
• 40% of the observed CV-related hospitalizations were reported within the first 12 months of follow-up

• After the 18-month mark, 68% of the total CV-related hospitalizations had occurred

Limitations of Analysis
• Hospitalizations were only recorded by oncologists participating as investigators in SIMPLICITY; as such, 

hospitalizations for non-CML-related events may have been missed

• Hemorrhage events, captured separately in this analysis, must be interpreted with caution; they cannot be 
definitively confirmed to be CV related and an association with platelet dysfunction cannot be ruled out

• Censoring patients after switching from 1L to subsequent lines of TKI therapy means any CV-related 
hospitalizations while the patient was on second-line therapy (and above) would have been excluded from 
this analysis

• The overall number of CV-related hospitalizations in the SIMPLICITY population is small

 − Comparisons between TKI cohorts should be interpreted with caution

 − Data are currently insufficient to estimate median time to first CV-related hospitalization

• Some CV events may not have been severe enough to result in hospitalization, or were managed in the 
outpatient setting due to local practice

Results 
Patient Baseline Demographics

Table 1. Baseline Demographics and Characteristics of Patients Receiving 1L TKI Therapy
Characteristic IM* (n=243) DAS* (n=301) NIL (n=264) P-value†

Median age at 1L TKI initiation, years (range) 58.3 (18.4, 89.6)  54.7 (19.1, 87.1) 54.5 (20.1, 90.8) 0.0467

Gender – Male, n (%) 131 (53.9) 159 (52.8) 145 (54.9)  0.8823

Practice (%)
Community practice 88 (36.2) 137 (45.5) 130 (49.2)

0.0100
Academic center 155 (63.8) 164 (54.5) 134 (50.8)

Median duration of therapy, months (IQR) 23.4 (8.5, 60.4) 39.4 (14.1, 57.2)  40.4 (12.9, 60.4) 0.2353

Duration of therapy, patients (%)
<1 year 81 (33.3) 69 (22.9) 64 (24.2)

0.0005
1 to <2 years 41 (16.9) 45 (15.0) 28 (10.6)

2 to <3 years 19 (7.8) 25 (8.3) 26 (9.9)

3 to <4 years 12 (4.9) 50 (16.6) 33 (12.5)

4 to <5 years 90 (37.0) 112 (37.2) 113 (42.8)

Median duration of follow-up, months (IQR) 51.3 (37.7, 59.2) 50.0 (42.6, 57.5) 48.7 (35.8, 55.7) 0.1031

Baseline comorbidities, n (%)  

CV 120 (52.6) 141 (48.0) 116 (45.3) 0.2680

Fatigue 82 (38.7) 128 (46.0) 130 (52.4) 0.0130
Endocrine-metabolic 81 (37.5) 78 (28.1) 74 (30.6) 0.0742

Hematologic-lymphatic 68 (30.4) 105 (36.2) 77 (31.2) 0.2972

Musculoskeletal 78 (34.4) 101 (34.8) 105 (41.7) 0.1636

Gastrointestinal 85 (37.6) 85 (29.6) 81 (31.6) 0.1459

Table 2. Unique Events of CV-Related Hospitalizations and Total LOS, by CV Event and TKI

CV event
IM DAS NIL

Hospitalization, n LOS, days Hospitalization, n LOS, days Hospitalization, n LOS, days

Angina pectoris –  – – – 1 3 

Atrial fibrillation – – – – 4 12

Bradycardia – – – – 1 5

Cardiac disorder – – 1 5 – –

Cardiac failure 2 9 3 10 6 47

Coronary artery  
disease

 – –  1 9 1 3

Deep vein thrombosis 1 1 – – – –

Granulomatosis with 
polyangiitis*

1 8 – – – –

Hypertension/ 
hypertensive crisis

– – 1 3 2 3 

Myocardial infarction 1 6 – – 2 6

Necrosis ischemic 1 4 – – – –

Pericardial effusion – – 1 3 – –

Phlebitis – – 1 3 – –

Supraventricular  
tachycardia

– – 1 1 – –

Total 6 28 9 34 17 79

*Due to the limitations of the data capture process, granulomatosis with polyangiitis cannot be definitively classed as a CV-related event and may be linked to 
other causes.  
CV, cardiovascular; DAS, dasatinib; IM, imatinib; LOS, length of hospital stay; NIL, nilotinib; PY, patient-years; TKI, tyrosine kinase inhibitor.

Table 3. Incidence of CV-Related Hospitalizations and LOS, by CV Event and TKI

CV event

IM DAS NIL

Hospitalization, n 
(per 1,000 PY)

LOS, days
(per 1,000 PY)

Hospitalization, n 
(per 1,000 PY)

LOS, days
(per 1,000 PY)

Hospitalization, n 
(per 1,000 PY)

LOS, days
(per 1,000 PY)

Angina pectoris – – – – 1.2 3.6

Atrial fibrillation – – – – 4.8 14.3

Bradycardia – – – – 1.2 6.0

Cardiac disorder – – 1.1 5.4 – –

Cardiac failure 3.0 13.6 3.2 10.8 7.2 56.0

Coronary artery  
disease

– – 1.1 9.7 1.2 3.6

Deep vein thrombosis 1.5 1.5 – – – –

Granulomatosis with 
polyangiitis*

1.5 12.1 – – – –

Hypertension/ 
hypertensive crisis

– – 1.1 3.2 2.4 3.6

Myocardial infarction 1.5 9.1 – – 2.4 7.2

Necrosis ischemic 1.5 6.0 – – – –

Pericardial effusion – – 1.1 3.2 – –

Phlebitis – – 1.1 3.2 – –

Supraventricular  
tachycardia

– – 1.1 1.1 – –

Total 9.1 42.3 9.7 36.8 20.3 94.2

*Due to the study limitations these data must be interpreted with caution. †Derived by multiplying the adjusted overall mean hospitalization cost per 
hemorrhage event ($37,108, including professional fees) by number of hospitalizations per 1,000 PY. 
CV, cardiovascular; DAS, dasatinib; IM, imatinib; LOS, length of hospital stay; NIL, nilotinib; PY, patient-years; TKI, tyrosine kinase inhibitor; US, United States.

Table 4. Unique Events and Incidence of Hemorrhage-Related Hospitalizations and LOS, 
with Associated Costs, by TKI

IM DAS NIL

Unique CV-related hemorrhage*, n 5 2 4

Median LOS (range), days 12 (8, 13) 2.5 (2, 3) 5 (3, 6.5)

Total CV hospital stay, days 53 5 19

CV-related hospitalizations per 1,000 PY, n 7.6 2.2 4.8

LOS in hospital per 1,000 PY, days 80.1 5.4 22.7

Costs† per 1,000 PY, 2018 US$ 282,020 81,638 178,118

*A patient was excluded from the analysis due to missing data. †Patients with missing values were excluded from statistical test of significance for that 
specific variable.  
1L, first line; DAS, dasatinib; IM, imatinib; IQR, interquartile range; NIL, nilotinib; TKI, tyrosine kinase inhibitor.

Figure 1. Rate of CV-Related Hospitalization and LOS in US Patients Receiving 1L TKIs
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Figure 2. Total CV-Related Hospitalization Cost in US Patients Receiving 1L TKI Therapy
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