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Background/Aims: Adherence to tyrosine kinase inhibitors (TKIs) has become a 
critical aspect of care in chronic myeloid leukemia (CML). We aimed to examine 
the association of TKI adherence with overall survival (OS) outcomes in Korean 
patients diagnosed with CML and treated with TKIs using data from the National 
Health Information Database.
Methods: This study included 2,870 CML patients diagnosed between 2005 and 
2013. Drug adherence was evaluated according to the medication possession ratio 
(MPR) and classified as high adherence (i.e., MPR ≥ 0.95 [upper 50%]), moderate 
adherence (i.e., MPR ≥ 0.68 and < 0.95 [middle 25%]), and low adherence (i.e., MPR 
< 0.68 [lower 25%]). 
Results: The median MPR was 0.95 (range, 0 to 4.67). Male sex (p = 0.003), age < 70 
years (p < 0.001), high income (≥ 30%, p < 0.001), and maintaining frontline TKI (< 
0.001) were associated with better adherence. Adherence to dasatinib was the low-
est (vs. imatinib or nilotinib, p < 0.001). Compared with high MPR patients, those 
with moderate MPR (hazard ratio [HR], 4.90; 95% confidence interval [CI], 3.87 to 
6.19; p < 0.001) and low MPR (HR, 11.6; 95% CI, 9.35 to 14.42; p < 0.001) had poorer 
OS.
Conclusions: Adherence to TKI treatment is an important factor predicting sur-
vival outcomes in Korean CML patients. Male sex, age < 70 years, high income, and 
maintaining frontline TKI are associated with high adherence to TKI. Thus, those 
without these characteristics should be closely monitored for treatment adherence. 

Keywords: Chronic myeloid leukemia; Tyrosine kinase inhibitor; Medication pos-
session ratio; Adherence
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INTRODUCTION

Chronic myeloid leukemia (CML) is a myeloprolifera-
tive neoplasm that occurs in 1 to 2 per 100,000 adults. 
The key to CML pathogenesis is the fusion of the Abel-
son murine leukemia (ABL1) gene on chromosome 9 
with the breakpoint cluster region (BCR) gene on chro-
mosome 22. This leads to the expression of an oncopro-
tein termed BCR-ABL [1]. In this context, the BCR‐ABL1 

fusion gene is an active tyrosine kinase that advances 
tumor growth and replication through downstream sig-
naling pathways such as MYC and signal transducer and 
activator of transcription (STAT) [2,3]. 

Imatinib and other tyrosine kinase inhibitors (TKIs) 
have markedly improved the treatment of CML [4]. Sev-
eral studies have reported that TKIs improve the sur-
vival of chronic phase CML patients similar to that of 
the general population, thereby increasing the 10‐year 
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survival rate from approximately 20% to 80%–90% [4,5]. 
Accordingly, studies have assessed whether TKIs can be 
safely discontinued in patients who have achieved long-
term deep molecular response (DMR). 

Current European LeukemiaNet (ELN) [6] guidelines 
stipulate that treatment can be successfully stopped if 
both treatment duration and DMR are adequate to make 
treatment-free remission feasible for a potential cure. 
However, among patients who become candidates for 
the termination of TKI therapy after achieving adequate 
DMR, the incidence of molecular cure remains rela-
tively low at approximately 20%–25% for imatinib and 
30%–45% for second-generation TKIs [5,7].

Adherence to TKI has also become a critical aspect 
of care in CML [8]. As such, there have been studies on 
survival outcomes according to patient adherence levels 
[9]. Strict adherence increases the probability of clinical 
success [10]. Low adherence to imatinib was reported to 
be associated with a lower rate of cytogenetic and molec-
ular responses in CML and consequently a higher rate 
of progression and resistance [8,11].

The National Health Insurance Service (NHIS) in Ko-
rea is the compulsory health insurance scheme covering 
the whole Korean population [12]. The National Health 
Information Database (NHID), formed by NHIS, has 
been developed for public health and medical research 
purposes and provides personal information, demo-
graphics, and medical treatment data of Korean citizens 
[13]. NHID stores the claims data of approximately 46 
million patients per year, which accounts for around 
90% of the total population in Korea. It also includes 
claims from 80,000 healthcare service providers as of 
2011.

This study aimed to examine the association of TKI 
adherence with overall survival (OS) outcomes and clin-
ical parameters influencing survival outcomes in CML 
patients treated with TKIs. Toward this goal, we inves-
tigated practice trends and clinical outcomes in a large 
community-based integrated health plan in South Ko-
rea, i.e., the NHID database. 

METHODS

Study design and patients
This was a retrospective study of 3,916 adult CML pa-

tients with a confirmed diagnosis of Philadelphia-posi-
tive chromosome and with a prescription for TKIs more 
than once between 2005 and 2013. Patients treated with 
TKIs used in clinical trials or those who were not cov-
ered by NHIS (e.g., ponatinib or bosutinib) were unavail-
able. After excluding 1,046 patients owing to incomplete 
clinical data (n = 382), previous treatment with interfer-
on-α before TKI administration (n = 14), prescription 
with TKI only once (n = 58), and TKI at 3 months after 
diagnosis (n = 268). We wanted to include chronic phase 
patients, and the International Classification of Diseas-
es for Oncology, 3rd edition morphology code (ICD-O-3 
921) does not differentiate CML phases, high-dose TKIs 
(i.e., imatinib, > 400 mg/day; dasatinib, 100 mg/day; ni-
lotinib, 600 mg/day; and radotinib, 600 mg/day) which 
were usually prescribed at CML in accelerating or blast 
phase (n = 323), and cytotoxic chemotherapy within 1 year 
after diagnosis (n = 1) were excluded (Fig. 1). 

The patients were identified in the database according 
to the ICD-O-3 codes for CML (ICD-O-3 92.1) [14]. We 
extracted data on age, sex, medical insurance premium, 
prescription records (drug code, days prescribed, daily 
dosage), date of hematopoietic stem cell transplantation 
(HSCT), and date of death. Prescription data on TKIs 
(imatinib, dasatinib, nilotinib, and radotinib) covered 
by NHIS between 2005 and 2013 were gathered to ana-

382 Incomplete data

14 Interferon

58 TKI was prescribed 
only once

268 TKI was prescribed 
3 months after diagnosis

1 Chemotherapy
was given within

1 year after diagnosis

2,870

323 High dose of TKI

2005–2013 
3,916 C92.1 and TKI

Figure 1. Consort diagram. C92.1, codes for CML, Interna-
tional Classification of Diseases for Oncology, 3rd edition 
(ICD-O-3); TKI, tyrosine kinase inhibitor.
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lyze the treatment pattern for CML. For survival analy-
sis, passive follow-up was performed until December 31, 
2016, using the mortality database from statistics Korea.

The medical insurance premium is imposed in pro-
portion to income, and thus, it was considered an indi-
rect marker for economic status. High and low incomes 
were defined as paying the upper 50% and lower 50% 
of medical insurance premium. Co-medication was de-
fined as the prescription of a second medication within 
1 year to alleviate the side effects of another medication. 
Adherence was measured according to the medication 
possession ratio (MPR), which was calculated as, the 
number of days the medication was supplied for, divid-
ed by the number of days between the first refill and last 
follow-up [15]. MPRs of ≥ 0.95 (upper 50%), ≥ 0.68 and < 
0.95 (middle 25%), and < 0.68 (lower 25%) were defined 
to indicate high, moderate, and low adherence, respec-
tively. 

This study was approved by the Wonju Sever-
ance Christian Hospital Institutional Review Board  
(CR317116). The need for informed consent was waived 
owing to the retrospective nature of the study.

Statistical analysis
We defined “event” as a change of TKI, receiving che-
motherapy, HSCT, or death. Event-free survival (EFS) 
was calculated from the first day of diagnosis to the oc-
currence of the events or last follow-up. It was estimated 
only in patients who were treated with frontline imati-
nib. OS was calculated from the first day of diagnosis to 
the date of death or last follow-up. Continuous and cat-
egorical variables were compared using Student’s t test 
(Mann-Whitney test) or analysis of variance and using 
the chi-square test (Fisher exact test), respectively. Mul-
tivariate analysis was performed using Cox proportion-
al hazards models. Variables included in the univariate 
and multivariate analyses on EFS and OS were sex, med-
ical insurance premium (high vs. low), age (≤ 50 years vs. 
> 50 years), and MPR (upper vs. middle; upper vs. lower). 

Two-sided 95% confidence intervals (CIs) were cal-
culated where appropriate. All statistical analyses were 
performed using SAS for Windows version 9.2 (SAS In-
stitute, Cary, NC, USA). A p < 0.05 was considered statis-
tically significant.

RESULTS

Patient characteristics 
The median patient age was 51 years (range, 15 to 92), 
and 1,747 and 1,123 patients were male and female, re-
spectively. The patient characteristics are summarized 
in Table 1. Approximately two-thirds of patients (n = 
1,810, 63%) had a high income. Imatinib was the most 
frequently prescribed TKI (n = 2,476, 86.3%), followed 
by dasatinib (n = 809, 28.2%), nilotinib (n = 711, 24.8%), 
and radotinib (n = 132, 4.6%). Approximately one-third 
of the patients (n = 982, 34.3%) discontinued first-line 
TKI. Treatment was switched to the second, third, and 
fourth-line TKI in 734 (25.6%), 220 (7.7%), and 28 (1.0%) 
patients, respectively. Imatinib was selected as frontline 
TKI in 2,417 (84.2%) patients. Cytotoxic chemotherapy 

Table 1. Patient characteristics (n = 2,870)

Variable Value

Male sex 1,747 (60.9)

Age, yr 51 (15–92)

TKI

Imatinib 2,476 (86.3)

Dasatinib 809 (28.2)

Nilotinib 711 (24.8)

Radotinib 132 (4.6)

Number of TKIs

1 1,888 (65.8)

2 734 (25.6)

3 220 (7.7)

4 28 (1.0)

Frontline TKI

Imatinib 2,417 (84.2)

Others 453 (15.8)

Chemotherapy 164 (5.7)

Hematopoietic stem cell transplantation

Allogeneic 11 (0.4)

Autologous 1 (0.0)

Income

High 1,810 (63.1)

Low 1,060 (36.9)

Alive 2,400 (83.6)

Values are presented as number (%) or median (range).
TKI, tyrosine kinase inhibitor. 
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was administered to 164 patients (5.7%), and 12 (0.4%) pa-
tients underwent HSCT. 

Influencing factors of TKI adherence 
Adherence to TKIs as reflected by MPR is shown in Fig. 
2. The median MPR was 0.99 (range, 0.00 to 2.03), and 
1,292 (62.1%) patients had an MPR ≥ 1.0. The median 
MPRs of the high (n = 1,414), moderate (n = 746), and low 
(n = 710) adherence groups were 1.05 (range, 0.99 to 2.03), 
0.93 (range, 0.80 to 0.99), and 0.57 (range, 0 to 0.79), re-
spectively. The median MPR according to patient char-
acteristics is summarized in Table 2. The median MPR 
was significantly higher in male individuals (vs. female 
individuals, p = 0.003), patients paying high insurance 
premium (vs. those not paying, p < 0.001), and those who 
maintained frontline TKI (vs. those who did not, p < 
0.001). The median MPR was the lowest in patients treat-
ed with dasatinib (vs. imatinib or nilotinib, p < 0.001). 
Only 132 (4.6%) patients were treated with radotinib, and 
thus, no statistical analysis could be performed between 
patients treated with radotinib and those treated with 
other TKIs. With respect to age group, elderly patients 
(≥ 70 years) had the lowest MPR (p < 0.001). The number 
of concomitant medications (0–3 vs. ≥ 4) did not affect 
adherence to TKIs (p = 0.832). 

Survival outcomes
Within a median follow-up of 69.0 months (range, 0 to 
147), 2,400 patients (83.6%) were alive. The 5- and 10-year 
OS rates were 87.1% (95% CI, 84.3% to 89.4%) and 77.3% 
(95% CI, 75.0% to 79.4%), respectively. Although HSCT 
was not examined as a study endpoint in the survival 
analysis, 12 patients underwent this procedure. 

Patients were classified into the younger or elderly 
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Medication possession ratio
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Figure 2. Histogram of medication of possession ratio of ty-
rosine kinase inhibitors in chronic myeloid leukemia.

Table 2. Median MPR with respect to patient characteristics

Variable Median MPR p value

Sex

Male 0.99 (0.00–2.03) 0.003

Female 0.98 (0.01–1.55)

Age, yr
a15–29 1.00 (0.01–2.03) < 0.001

a, b, c > d
b30–49 1.01 (0.00–1.72)
c50–69 0.99 (0.01–1.91)
d≥70 0.90 (0.01–1.80)

Income

High 1.00 (0.00–1.91) < 0.001

Low 0.97 (0.01–2.03)

TKI
aImatinib 0.98 (0.00–2.03) < 0.001

a, c > b
bDasatinib 0.94 (0.02–1.55)
cNilotinib 0.98 (0.06–1.69)
dRadotinib 0.98 (0.22–1.41)

Number of TKIs
a1 1.01 (0.00–2.03) < 0.001

a > b, c, d
b2 0.91 (0.02–1.54)
c3 0.94 (0.10–1.24)
d4 0.84 (0.47–1.10)

Concomitant medication

0–3 0.91 (0.68–1.14) 0.832

> 4 0.90 (0.70–1.10)

Frontline TKI

Imatinib 0.98 (0.00–2.03) < 0.001

Others 1.02 (0.06–1.69)

Values are presented as median (range).
MPR, medication possession ratio; TKI, tyrosine kinase in-
hibitor. 
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(age ≤ 50 years vs. > 50 years) using median age. Elderly 
at diagnosis (> 50 years) had inferior OS (p < 0.001) (Fig. 
3A) and EFS (p < 0.001) than younger (≤ 50 years). Patients 
paying high insurance premium showed superior EFS 
than lower insurance premium (p = 0.015). 

In the low, moderate, and high adherence group, the 
5-year OS rates were 70.2% (95% CI, 66.6% to 73.5%), 
85.2% (95% CI, 82.3% to 87.6%) and 97.2% (95% CI, 96.1% 
to 98.0%), respectively (Fig. 3B). The OS rates were sig-
nificantly better in the high adherence group than in the 
middle and low adherence groups (OS in high MPR vs. 
middle MPR, p < 0.001; OS in high MPR vs. low MPR, p 
< 0.001) (Fig. 3B). 

Influencing factors of survival in patients treated 
with imatinib frontline
We analyzed influencing factors of OS or EFS in patients 
treated with imatinib as frontline treatment (n = 2,417). 
More than half of patients (n = 1,263, 52.3%) were highly 
adherent to TKI, and 595 (24.6%) and 559 (23.1%) patients 
were revealed middle and low MPR. univariate analysis 
to identify prognostic factors of OS, age at diagnosis and 
MPR showed a significant effect on OS (p < 0.001) (Table 
3). In multivariate analysis, male sex (hazard ratio [HR], 
1.43; 95% CI, 1.18 to 1.75; p < 0.001), old age (> 50 years) 
(HR, 3.93; 95% CI, 3.11 to 4.97; p < 0.001), and middle (HR, 
4.62; 95% CI, 3.30 to 6.47; p < 0.001) or lower MPR (HR, 

9.79; 95% CI, 7.14 to 13.42; p < 0.001) were predictors of 
inferior OS (Table 3). In EFS, insurance premium age 
at diagnosis and MPR was associated EFS significantly 
in univariate analysis (Table 4). In multivariate analysis, 
female, high insurance premium, young age, and high 
MPR had a lower HR of events than male (HR, 1.17; 95% 
CI, 1.03 to 1.32; p = 0.012), low insurance premium (HR, 
1.18; 95% CI, 1.04 to 1.32; p = 0.008), old age (> 50 years) 
(HR, 1.52; 95% CI, 1.35 to 1.71; p < 0.001), and middle MPR 
(HR, 1.82; 95% CI, 1.62 to 2.20; p < 0.001) or lower MPR 
(HR, 3.03; 95% CI, 2.63 to 3.50, p < 0.001) (Table 4). 

DISCUSSION

This national cohort study found that most CML pa-
tients treated with TKI were highly adherent to the treat-
ment, and TKI adherence affected survival outcomes. 
To our best knowledge, this is the first study to demon-
strate that TKI adherence affected OS in CML patients. 
Adherence to TKI was assessed variably in previous re-
ports [16]. Retrospective studies mostly used claims data 
and pharmacy refill data to assess adherence, with MPR 
used as the primary indicator [16-18]. The average ad-
herence reported in studies varied from 19% to 100%, 
with differences according to the types of measurement 
methods used [17,19,20]. When an MPR cut-off was used 
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(usually in the range of 80% to 90%), 44% to 97% of pa-
tients were classified to be adherent [17,21]. The median 
MPR in this study was 0.99, and approximately half of 
the patients (49.2%) were classified to have high adher-

ence (MPR ≥ 0.95). Despite the full medical insurance 
coverage including pharmacy benefits, the distribution 
of MPR still varied widely and was comparable with that 
in the United States [22]. The mean MPR in this study 

Table 3. Univariate and multivariate analyses of influencing factors of overall survival in patients treated with frontline imati-
nib therapy

Variable
Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Sex

Female 1.00 (reference) 1.00 (reference)

Male 1.14 (0.94–1.39) 0.183 1.43 (1.18–1.75) < 0.001

Medical insurance premium

High 1.00 (reference) 1.00 (reference)

Low 1.10 (0.90–1.33) 0.356 1.06 (0.87–1.29) 0.560

Age, yr

≤ 50 1.00 (reference) < 0.001 1.00 (reference) < 0.001

> 50 4.22 (3.34–5.32) 3.93 (3.11–4.97)

Medication possession ratio

Upper (≥ 0.95) 1.00 (reference) 1.00 (reference)

Middle (0.68–0.95) 5.05 (3.61–7.07) < 0.001 4.62 (3.30–6.47) < 0.001

Lower (< 0.68) 10.37 (7.57–14.21) < 0.001 9.79 (7.14–13.42) < 0.001

HR, hazard ratio; CI, confidence interval. 

Table 4. Univariate and multivariate analyses of influencing factors of event-free survival in patients treated with frontline 
imatinib therapy

Variable
Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Sex

Female 1.00 (reference) 1.00 (reference)

Male 1.06 (0.94–1.20) 0.331 1.17 (1.03–1.32) 0.012

Medical insurance premium

High 1.00 (reference) 1.00 (reference)

Low 1.20 (1.07–1.35) 0.003 1.18 (1.04–1.32) 0.008

Age, yr

≤ 50 1.00 (reference) < 0.001 1.00 (reference) < 0.001

> 50 1.56 (1.39–1.76) 1.52 (1.35–1.71)

Medication possession ratio

Upper (≥ 0.95) 1.00 (reference) 1.00 (reference)

Middle (0.68–0.95) 1.97 (1.69–2.29) < 0.001 1.89 (1.62–2.20) < 0.001

Lower (< 0.68) 3.10 (2.69–3.57) < 0.001 3.03 (2.63–3.50) < 0.001

HR, hazard ratio; CI, confidence interval. 
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was 0.88, and approximately two-thirds of the patients 
had MPR ≥ 0.9. 

With respect to the effect of TKI adherence on patient 
outcomes, high adherence (i.e., MPR ≥ 0.95) was associ-
ated with better EFS and OS. This result was confirmed 
in the multivariate Cox models, as evidenced by the 
lower adjusted HRs for event or mortality in patients 
with high TKI adherence status than those in patients 
with moderate or low adherence status. Poor adherence 
may be associated with poor response to treatment [23]. 
Noens et al. [11] reported that patients with suboptimal 
response had significantly higher mean percentages 
of imatinib not taken than did those with an optimal 
response (23% vs. 7% using pill count). In addition, a 
previous study [8] reported that non-adherent patients 
were less likely to achieve complete cytogenetic respons-
es (26% vs. 44%, p = 0.004) at any point. The estimated 
5-year EFS in patients with non-adherence was inferi-
or to that in those with no dose interruptions (59.8% vs. 
76.6%, p = 0.011) [9]. 

In the current study, male sex, young age at diagnosis, 
and high medical insurance premium were associated 
with survival benefits. Elderly patients (≥ 75 years) do not 
optimally benefit from TKI treatment, and this could 
be because of several contributing factors. For instance, 
these patients experienced more TKI toxicity owing to 
comorbidities and frailty. In addition, they could have 
lower treatment adherence and may have even discon-
tinued treatment [24]. In our study, patients aged > 50 
years had inferior OS and EFS to those aged ≤ 50 years. 
Patients with high insurance premium had higher ad-
herence than did those with low insurance premium. 
One study on CML patients in Brazil showed that lower- 
income and less economic resources are significantly 
associated with worse medication adherence [25]. South 
Korea offers universal access to health care, regardless 
of the ability to pay, through the NHI and Medical Aid 
program. The National Health Insurance is financed by 
compulsory contributions from the insured. The con-
tributions are calculated by considering the insured’s 
income, and thus, patients paying high insurance pre-
miums generally have a high-income [26]. We found 
higher rates of adherence in high-income patients than 
in low-income patients. Studies on the impact of eco-
nomic factors on survival outcomes in CML are scarce. 
A previous report from Sweden demonstrated that al-

though socioeconomic conditions influenced treatment 
choice, these were not associated with CML survival [27]. 
However, the Swedish study included not only econom-
ic but also social status (i.e., child support and study al-
lowances).

Given that most CML patients are asymptomatic and 
require long-term treatment to prevent disease pro-
gression and achieve optimal response, ensuring 100% 
treatment adherence may be challenging. Factors such 
as older age, living alone, male sex, experiencing med-
ication side effects, a longer time interval between di-
agnosis and treatment, a longer duration of treatment, 
poor side effect management, and a high number of 
concomitant medications are associated with low TKI 
adherence [8,11]. In the present study, the median MPR 
of the younger (< 70 years) and male patients were sig-
nificantly higher than that of the other age groups and 
female patients. This finding is in contrast to that of 
previous studies [11]. However, the median MPRs (≥ 
0.95) in both sexes indicated high adherence, and thus, 
we could not consider sex as a predictor of adherence. 

Most studies on CML enrolled patients treated only 
with imatinib mainly because of insurance coverage 
[11,19,22,28], and insurance coverage is important in 
treatment adherence. For example, a previous study 
from Brazil, where universal health care coverage is chal-
lenging, showed that patients had much lower adher-
ence because of a lack of access to drugs [28]. Given that 
all CML patients in Korea have pharmacy medication 
coverage, we could better study the association between 
adherence and outcomes without confounding effects 
of insurance problems. Interestingly, among the three 
TKIs, adherence was the lowest to dasatinib compared 
to that to imatinib or nilotinib, which involves more 
pills per day and more complicated dosage methods. 
The median MPR of patients who maintained frontline 
TKI was higher than that of other patients. This result 
is expected because maintaining frontline TKI indicates 
that patients have achieved optimal response or have 
not experienced uncontrolled adverse events during 
first-line TKI treatment. 

This study had some limitations. First, we had to de-
pend on claims data because of the retrospective nature 
of the study, and thus, we might have missed some im-
portant factors or the data might be unevenly distribut-
ed. Second, this study did not consider the CML phase 
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during patient inclusion. Third, laboratory results were 
not available, and therefore, the initial CML risk scores 
or treatment response (including disease progression) 
on polymerase chain or cytogenetic testing assessments 
could not be assessed. Future prospective studies on 
TKI adherence in CML should assess these factors. 

In conclusion, adherence to TKI treatment is an im-
portant factor predicting survival outcomes in CML pa-
tients. Adherence was better in patients older than 70 
years, with higher income and maintenance of frontline 
TKI. Besides TKI adherence, male sex, young age, and 
good economic status were associated with better sur-
vival outcomes in Korean CML patients. 
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