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Purpose: Imatinib adherence and persistence are key components of the successful treatment of Chronic Myeloid Leukemia (CML). 
In Belgium, there is no study assessing these behaviors at a national level. Our study aimed to provide the first nationwide measure and 
to identify associated pharmacy-based predictors (age, gender, comorbidities). We also assessed mortality and transplantation 
incidence according to adherence status.
Methods: Based on medico-administrative database linkage, we identified a retrospective Belgian cohort of 1194 patients diagnosed 
with CML between 2004 and 2016 and treated with imatinib. Adherence was measured over 24 months, considering the proportion of 
days covered (PDC). Persistence was measured as the time until discontinuation (gap of ≥90 days). Multivariable Poisson regression 
models with robust standard error were conducted to identify predictors associated with adherence (≥90% PDC). To identify factors 
associated with persistence, a multivariable Cox regression was performed.
Results: At six months, 60.3% of patients were adherent, declining to 41.5% at 12 months, and to 30.1% at two-year follow-up 
(n=998). Adherence was greater at a younger age (eg 31–40 years vs ≥75 years, adjusted prevalence ratio (aPR) 1.73; 95% confidence 
interval (CI): 1.09–2.77) and among patients with no comorbidity (0 vs ≥2 comorbidities (aPR 1.56; 95% CI: 1.11–2.19). The median 
persistence was 334.5 days (Q1:200–Q3:505.5); persistence at 24 months was 83.6% (n=998). Only age was associated with higher 
risk of discontinuation, with adjusted hazard ratio (aHR) of 6.05 for patients ≥75 years (95% CI: 5.52–6.58). Transplants and deaths 
mainly occurred in patients defined as non-adherent at 24 months.
Conclusion: This Belgian nationwide representative study revealed a critical low level of imatinib adherence, which decreased over 
time even though persistence was high at six months. We pinpointed pharmacy-based predictors that were easily identifiable by health 
care stakeholders in order to undertake interventions to improve adherence.

Plain Language Summary: The introduction of imatinib, a new oral anticancer medication, has transformed chronic myeloid 
leukemia (CML) from a fatal disease to a chronic disease. However, the success of imatinib partly depends on how long a patient 
continues to take it (persistence) and the extent to which they take imatinib as prescribed (adherence). Over a 24-month follow-up 
period, this study aimed to provide an assessment of imatinib adherence and persistence for the first time and to identify associated risk 
factors. Using pharmacy dispensing data, our study revealed that whilst very few CML patients discontinued imatinib, a considerable 
proportion struggled to adhere to imatinib recommendations, with a decreasing rate of adherence and persistence over time. We have 
identified some demographic and clinical characteristics associated with higher risk of poor adherence and early discontinuation. The 
current study’s findings will help healthcare professionals to screen adherence behaviors prospectively and design specific interven-
tions to maintain long-term optimal adherence to imatinib. 
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Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative neoplasm accounting for around 15% of newly diagnosed adult 
leukaemia.1

Over the past 30 years, the incidence of CML has increased dramatically, reaching 1/100,000 in the global population 
in 2018.2 Simultaneously, innovative research and molecular biology have considerably increased survivorship by 
enabling the accelerating expansion of oral anticancer drugs.3

In 1998, the introduction of imatinib (Glivec®), the first tyrosine kinase BCR-ABL inhibitor (TKI), ushered in 
a new era of CML treatment, moving it from a fatal disease to a chronic condition.4 Only 10 years after its 
introduction, the five-year survival rate doubled from 33% to 70%;5 20 years later, the mortality rate dropped from 
10–20% to 1–2%.6,7

Because of its high efficacy and low toxicity, imatinib has become the first-line standard treatment for CML patients. 
Oral therapy seems to be preferred by cancer patients due to convenience, ease of administration, outpatient use, and 
improved quality of life.8

In return, the time period over which a patient continues to take imatinib (persistence) and the extent to which they 
take imatinib as prescribed (adherence) control the success of the treatment. Poor adherence is associated with 
incomplete cytogenetic9 and molecular responses10 and with a suboptimal treatment response.11 Even more challenging, 
reducing the intake of imatinib from 100% to 90% of the prescribed dose reduces the likelihood of the various treatment 
responses by 2.35–1.95 times, indicating no margin for non-adherence.12

Published studies note that a substantial proportion of CML patients struggle to adhere to their medications as 
prescribed.13 Across studies, there is a wide range of adherence of CML patients, ranging from 20% to 53%12 and 
declining over time.13 Variables previously associated with (non)adherence are: longer time since diagnosis of CML or 
since start of imatinib,10,14 the wish to avoid side effects,15 multiple medications,16 demographic variable of living 
arrangement,10 social activities disturbing daily routines, and physician’s communication.17

In Belgium, around 160 patients are newly diagnosed with CML every year, with a median age of 64 and respective 
incidence of 1.5/100,000 for men and 1.2/100,000 for women.18 The five-year relative survival is very high in children 
and young adults, with more than 90% of positive outcomes, but drops after the age of 50 years in both sexes.18

So far, in Belgium, the extent to which CML patients adhere to and persist with imatinib has been ignored. Only one 
Belgian study in 2009 explored adherence in CML patients. The ADAGIO study10 was a 90-day prospective study 
demonstrating that non-adherence was more prevalent than patients, physicians, or family members believed and that 
there was a significantly higher mean percentage of imatinib not being taken in patients with a suboptimal response. 
Unfortunately, the ADAGIO study was conducted in a small sample of 169 CML patients and suffered from a severe lack 
of patient diversity, making it quite challenging to generalize the results to the wider Belgian population.

Using real-world data of pharmacy refills, our study aimed to assess imatinib adherence and persistence in CML 
patients over a 24-month follow-up (F/U) period and to identify pharmacy-based predictors of adherence and persistence. 
We also assessed mortality and transplantation incidences according to adherence status.

Material and Methods
Data Source
Pharmacy refill data were extracted from the Belgian Cancer Registry (BCR), a national organization collecting 
information about all new cancer diagnoses in Belgium and their F/U regarding vital status. The Inter-Mutualist 
Agency (IMA), which gathers the patient data of the seven Belgian mutual insurance companies, annually shares the 
health care claims data of cancer patients with the BCR.19 In Belgium, health insurance is mandatory, so 98% of residents 
are captured.20

The BCR captured 1) all diagnosed CML patients in Belgium between 2004 and 2016; 2) the surgical procedures and 
drugs delivered to these patients in Belgian hospitals and their pharmacies from one year before to five years after the 
CML incidence date; and 3) drugs delivered for the same period by Belgian community pharmacies.
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We linked the three datasets to constitute a CML cohort with the following variables: gender, age at diagnosis, year of 
CML diagnosis, number of comorbidities, imatinib refills dates and corresponding supplied days, hematopoietic stem cell 
transplantation (HSCT) procedures, subsequent TKI first refill date and survival status.

Study Design and Sample Selection
In this retrospective study, we first identified 1876 patients diagnosed with CML between 1 January 2004 and 
1 July 2016. The selected CML diagnoses were 9863/3 and 9875/3 according to the third edition of the International 
Classification of Diseases for Oncology (ICD-03). Children under 18 years of age were excluded (n=24). Among the 
1852 remaining adults, we selected the 1237 new patients with at least one dose of imatinib dispensed and then kept only 
the 1194 with at least two consecutive imatinib deliveries to measure persistence. A total of 196 patients discontinued 
imatinib before the end of two years’ F/U and were excluded from the measure of adherence (Figure 1).

Figure 1 Sample selection and patients’ attrition.
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Baseline Comorbidities
According to the rules established by the Belgian Cancer Registry and the Belgian Health Care Knowledge Centre 
(KCE),21,22 the number and types of baseline comorbidities were identified based on the medication used during the 
one year pre-imatinib initiation period.

Based on Anatomical Therapeutic Chemical (ATC) codes, we calculated the volume and frequency of relevant 
delivered drugs to identify three major comorbidities: chronic cardiovascular diseases, diabetes mellitus, and chronic 
respiratory diseases.

Chronic respiratory diseases include chronic obstructive pulmonary disease (COPD), asthma, pulmonary fibrosis, and 
diseases treated by drugs with ATC code R3 (drugs for obstructive airway diseases).

Chronic cardiovascular diseases refer to diseases treated with drugs with the following ATC codes: C01 (cardiac 
therapy), C02 (antihypertensives), C03 (diuretics), CO4 (peripheral vasodilators), C07 (beta blocking agents), C08 
(calcium channel blockers), C09 (agents acting on the renin–angiotensin system), and B01 (antithrombotic agents, 
excluding B01 AB (heparin)).

Diabetes mellitus was captured based on consumption of drugs with ATC code A10, used in diabetes.
Previous tumor history, obtained from the BCR, was retained as a fourth comorbidity.

Outcome Measures
New taxonomy describing and defining adherence to medications distinguishes three elements in the process by which 
patients take their medication as prescribed: initiation, implementation, and discontinuation.23,24

Initiation begins when the first dose of the prescribed medication is taken. The process continues with implementa-
tion, defined as the extent to which a patient’s actual dosing corresponds to the prescribed dosing regimen from initiation 
to discontinuation. Discontinuation marks the end of therapy, when the next dose to be taken is omitted and no more 
doses are taken thereafter.23

Adherence
In the current study, we aimed to measure implementation (henceforth named adherence) of imatinib by calculating the 
proportion of days covered (PDC) over a fixed observation period of 24 months after initiation. As recommended by the 
International Society of Pharmacoeconomics and Outcomes Research, adherence should be measured by calculating the 
medication possession ratio25 (MPR) or the PDC. Since then, the PDC has been agreed to be more accurate than the MPR.26 

Based on pharmacy refills, we used the PDC calculated as the number of days with drug on hand divided by the number of 
days in the specified time interval.25

In Belgium, every medicine and para-pharmaceutical package dispensed in a pharmacy has a unique identification 
number (CNK) providing information about the dosage and quantity of pills delivered. For each pharmacy refill we 
calculated the number of days supplied by dividing the total dosage delivered by the defined daily dose (DDD) for 
imatinib in chronic phase (CP) CML.

The DDD corresponds to the assumed average maintenance dose per day for a drug used for its main indication in 
adults and is recommended when the actual prescribed dose is not available.27 According to both the international 
treatment guidelines28 and the World Health Organization (WHO),24 the DDD for imatinib in CP CML is 400 mg once 
a day. Though CML is a triphasic disease, more than 95% of cases of CML are diagnosed in the chronic phase.29

Using SAS program, all imatinib refill dates and corresponding supplied days were transposed to a single 
observation per patient showing the medication fill pattern and supplied days of each fill. Next, using arrays and 
DO loops procedures, we found the days of medication coverage for each patient and calculated the proportion of 
covered days in the review period. Specifically, the PDC looks at each day in the interval to see if the patient had the 
prescribed imatinib on-hand. At last, we followed the method described by Leslie30 to account for early refill and 
adjust the overlapping days supplied by shifting the fill date forward to the day after the end of supply of the previous 
fill.31
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Adherence was analyzed as both a continuous (mean PDC) and a binary outcome (optimal vs suboptimal adherence). 
Consistent with previous research demonstrating that 90% adherence to imatinib is needed to achieve a major molecular 
response,11,32,33 a threshold of 90% PDC was considered to designate optimal adherence.

Adherence was measured over time, at six months, one year, 18 months, and two years after imatinib initiation.
To clearly separate the assessment of adherence from that of persistence and avoid any ambiguity associated with 

a low adherence score, eligible patients for adherence measurement were alive and still covered by imatinib (persistent) 
at the end of the two-year F/U.34

Reason for missing dose was unknown. However, we know treatments interruptions attributed to hematologic 
intolerances result in interruptions of multiple consecutive days and mainly occurred in the first year, much less in 
the second year.35 We measured and compared over time the number of patients experiencing one or multiple episodes of 
interruptions lasting 30, 60, or 90 days.

Discontinuation and Persistence
Persistence was measured as the duration in days between imatinib initiation and discontinuation. We considered 
discontinuation to have occurred when a gap in the possession of imatinib of 90 days or longer was observed, with no 
further refills for imatinib during the remainder of the observation period.

The reason for discontinuation was unknown. However, as death may be a primary reason for treatment discontinua-
tion, we first used a Cox proportional hazards model to account for death as a competing risk. Persistence was assessed 
by censoring the first occurrence of discontinuation, whether death or a 90-day gap in possession of imatinib. We 
assessed both the median time of persistence and the proportion of patients remaining on imatinib (“persistent”) during 6, 
12, 18, and 24 months post-initiation.

We identified involuntary discontinuations corresponding to the patient’s date of death. Next, among alive discon-
tinued patients and those experiencing discontinuation before death, we checked for subsequent TKI delivery (dasatinib, 
nilotinib or ponatinib) to assess voluntary discontinuations that may be refractory disease- or toxicity-related.

Other Outcomes
In a last set of outcomes, we assessed the incidence of HSCT and mortality over a five-year extended F/U. Based on the 
patient’s adherence status at 24 months, we compared the distribution of cases in both adherent and non-adherent groups.

Statistical Analysis
Descriptive statistics were performed using means and standard deviations (SD) for continuous variables and percentages 
for categorical variables. Statistical t-tests and Kruskal–Wallis tests were conducted to examine differences in adherence 
and persistence, respectively, among the selected characteristics (gender, age, total number of individual comorbidities).

Multivariable Poisson regression with robust standard error and Cox proportional hazards models were conducted to 
identify predictors associated with adherence (≥90% PDC); estimates are presented as adjusted prevalence ratios (aPR) 
and adjusted hazard ratios (aHR) with 95% confidence intervals (95% CI).

All statistical analyses were conducted using SAS Enterprise Guide version 7.1.

Sensitivity Analysis
Several sensitivity analyses were performed for both primary outcomes. Firstly, we compared two periods of diagnosis 
(2004–2009 vs 2010–2016) corresponding to before and after the introduction in Belgium of second-generation (2nd) 
TKIs. It is safe to assume that since a switch to 2nd generation TKI has been recommended in case of imatinib 
intolerance, the found missed doses linked to treatment interruptions and consequently, the calculated adherence rates, 
should be lower.

Then, for adherence, we conducted different analyses defining optimal adherence as 80–85% PDC. For persistence, 
we repeated our analysis to limit the assessment of discontinuation to patients not persistent for a reason other than death. 
We also conducted analysis considering a 30- or 60-day gap for discontinuation definition.
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Results
Study Population
Overall, most patients (70%) were aged over 50 years, more than half were male, and more than half of patients were 
diagnosed after 2009 (Table 1).

Half of the patients have no comorbidity, more than 30% have one, and 18% have at least two comorbidities. Chronic 
cardiovascular diseases were the most frequent comorbidity. Imatinib was by far the TKI most frequently delivered 
(95.4%) as the first-line treatment, followed by nilotinib (2.8%) and dasatinib (1.8%).

Adherence
Mean PDC was 0.87 (SD 0.16) in the first six months and decreased over time, falling to 0.80 after one year, to 0.76 after 
18 months, and to 0.72 when measured after two years (Supplementary Table S1).

Globally, the proportion of patients with optimal adherence was fairly low. Optimal adherence was seen in 60.3% of 
patients within the first six months after initiation. This proportion dropped sharply, by 19%, in the next six months to 
achieve 41.5% at one year, and then gradually declined to 35.2% after 18 months and 30.1% after 24 months 
(Supplementary Figure S1).

Being younger than 75 years and not having any comorbidity is associated with higher adherence. Compared to the 
group aged ≥75 years, adherent proportion was 1.87 times higher in the group aged 51–64 and 1.73 times higher in the 
group aged 31–40 (P<0.01). The proportion of adherent patients was higher among patients without comorbidities (aPR 

Table 1 Characteristics of Patients Treated by Imatinib for Chronic Myeloïd Leukemia 
(CML), Belgium, 2004–2016

Subjects Eligible for Persistence Measure Adherence Measure

n % n %

1194 100% 998 100%
Gender

Men 640 53.6 533 53.4

Women 554 46.4 465 46.6
Age, years

18–30 72 6.0 68 6.8

31–40 94 7.9 86 8.6
41–50 172 14.4 157 15.7

51–64 345 28.9 302 30.3

65–74 267 22.4 226 22.6
≥ 75 244 20.4 159 15.9

Total number of individual comorbidities
0 comorbidity 575 48.2 513 51.4
1 comorbidity 373 31.2 302 30.3

≥ 2 comorbidities 246 20.6 183 18.3

Type of comorbidity
Chronic cardiovascular diseases 512 42.9 401 40.2

Chronic respiratory diseases 99 8.3 70 7.0

Diabetes mellitus 162 13.6 125 12.5
Prior tumour 127 10.6 93 9.3

Delivered as first-line TKI
Imatinib 1139 95.4 950 95.2
Nilotinib 34 2.8 29 2.9

Dasatinib 21 1.8 19 1.9

Year of CML diagnosis
2004–2009 561 47.0 478 47.9

2010–2016 633 53.0 520 52.1
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1.56, 95% CI: 1.11–2.19) and those with one comorbidity (aPR 1.36, 95% CI: 0.97–1.96) compared to patients with at 
least two comorbidities (Table 2).

Discontinuation and Persistence
The proportion of patients persistent within the first 6 months was high (96.7%) and decreased slightly to achieve 91.4% 
at 1 year, 86.6% at 18 months and 83.6% at 2 years (Table 3).

Within two years, 196 patients (17.4%) experienced discontinuation, with a median time of 334.5 days [Q1:200–Q3:505.5] 
(Figure 2).

Among them, 111 patients (9.3%) died before the end of the study period F/U. We found that about 99 deaths 
occurred while the patient was still covered by imatinib, ie half of all discontinuations are involuntary and explained by 
death. On the other hand, 12 patients died after having experienced a 90-days gap discontinuation.

In all, 97 discontinuations were voluntary. Of these, only a quarter of patients (n=26) have been delivered with 
subsequent second or third-generation TKI. The median time between imatinib discontinuation and subsequent TKI 
delivery was 312.5 days [range: 22–2539]. Only a quarter had a delivery less than 100 days after imatinib discontinua-
tion. This suggests that the vast majority of voluntary discontinuations – 4.5% of sample – cannot be explained by 
a treatment switch.

The Cox proportional hazard model did not confirm any statistical association between discontinuation and gender, 
individual number of comorbidities, or year of diagnosis but identified older age as a predictor associated with non- 
persistence. Compared to the group aged 18–30 years, the risk of non-persistence was considerably higher in the group 
aged 75 and older (aHR 6.05, 95% CI (5.52–6.58), P<0.0001) (Table 4).

Table 2 Demographic and Clinical Characteristics Associated with Two Years Optimal Adherence (PDC ≥ 90%) to Imatinib in CML, 
Belgium, 2004–2016

PDC Optimal Adherent

n Mean (SD) n % Crude PR (95% CI) Adjusted PR (95% CI) P*

998 0.72 (0.27) 300 30.1

Gender 0.37

Men 533 0.74 (0.26) 169 31.7 1.12 (0.89–1.41) 1.09 (09.0–1.32)

Women 465 0.70 (0.27) 131 28.2 1 1

Age <0.01

18–30 68 0.71 (0.26) 20 29.4 1.73 (1.05–2.87) 1.36 (0.80–2.32)

31–40 86 0.74 (0.26) 32 37.2 2.19 (1.41–3.40) 1.73 (1.09–2.77)

41–50 157 0.72 (0.26) 44 28.0 1.65 (1.08–2.52) 1.34 (0.86–2.10)

51–64 302 0.76 (0.25) 111 36.7 2.16 (1.49–3.15) 1.87 (1.27–2.75)

65–74 226 0.73 (0.26) 66 29.2 1.72 (1.15–2.56) 1.61 (1.08–2.40)

≥ 75 159 0.61 (0.30) 27 17.0 1 1

Number of comorbidities <0.05

No comoribidity 513 0.74 (0.25) 177 34.5 1.75 (1.28–2.40) 1.56 (1.11–2.19)

1 comorbidity 302 0.72 (0.28) 87 28.8 1.46 (1.04–2.06) 1.36 (0.97–1.91)

≥ 2 comorbidities 183 0.66 (0.29) 36 19.7 1 1

Year of CML diagnosis 0.44

2004–2009 469 0.77 (0.22) 151 32.2 1 1

2010–2016 529 0.67 (0.29) 149 28.2 0.87 (0.72–1.05) 0.93 (0.77–1.12)

Note: *P value using Chi² resulting from modified Poisson Regression. 
Abbreviations: CML, Chronic Myeloïd Leukemia; SD, Standard deviation; PR, Prevalence ratio.
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Other Outcomes
Of the 998 patients eligible for the measure of two-year F/U adherence, 19 (1.9%) received an HSCT within five years of 
the initiation of imatinib. The median time to HSCT was 25 months [range: 6.3–58.63]. In total, 15 (1.6%) patients had 

Table 3 Proportion of CML Patients Persistent to Imatinib, Belgium, 2004–2016

n 6 Months 1 Year 18 Months 2 Years

n % P** n % P** n % P** n % P**

1194 1154 96.7 1091 91.4 1034 86.6 998 83.6

Gender 0.13 0.43 0.08 0.76
Men 640 614 95.9 581 90.8 544 85.0 533 83.3

Women 554 540 97.5 510 92.1 490 88.4 465 83.9

Age <0.005 <0.0001 <0.0001 <.0001
18–30 72 72 100.0 71 98.6 69 95.8 68 94.4

31–40 94 92 97.9 89 94.7 89 94.7 86 91.5

41–50 172 168 97.7 162 94.2 158 91.9 157 91.3
51–64 345 340 98.5 323 93.6 312 90.4 302 87.5

65–74 267 254 95.1 241 90.3 235 88.0 226 84.6

≥ 75 244 228 93.4 205 84.0 171 70.1 159 65.2
Number of comorbidities <0.05 <0.0005 <0.0001 <0.0001

No comoribidity 575 563 97.9 543 94.4 525 91.3 513 89.2

1 comorbidity 373 358 96.0 336 90.1 312 83.6 302 81.0
≥ 2 comorbidities 246 233 94.7 212 86.2 197 80.1 183 74.4

Year of CML diagnosis 0.10 0.25 0.63 0.99

2004–2009 561 537 95.7 507 90.4 483 86.1 469 83.6
2010–2016 633 617 97.4 584 92.3 551 87.0 529 83.6

Notes: Persistent = without discontinuation defined as a gap of 90 days or longer. **P-value using t-test for 2 levels variable and Kruskal-Wallis test for ≥3 levels variables. 
Abbreviation: CML, Chronic Myeloïd Leukemia.

Figure 2 Kaplan-Meier estimate of chronic myeloïd leukemia patients non-persistence with imatinib. 
Notes: *Discontinuation defined as the first occurrence between death or a 90-days gap in the possession of Imatinib.
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a transplant within three years, 16 (1.9%) within four years and 19 (2.2%) within five years. Before transplantation, the 
large majority of patients (84.2%) were treated by one (57.9%) or at least two (26.3%) subsequent TKIs.

A comparison of HSCT distribution showed that transplants mainly occurred in patients defined as suboptimally 
adherent at 24 months (100% of HSCT performed within three years’ F/U and 89% of those performed within five years’ 
F/U). Similarly, we found that the large majority of deaths concerned non-adherent patients: 76.7% of deaths (n=23) at 
three years F/U, 77.2% (n=44) at four years, and 72.9% (n=35) at five years (Figure 3).

The comparison of the 30-, 60- or 90-consecutive day’s interruptions showed that shorter is the interruption, higher is 
the proportion of the 1194 experiencing it (Supplementary Figure S2). After one year, respectively, 250 (20.9%) and 41 
(3.4%) patients experienced one interruption of 30-days and 90-days. Most patients experienced only one episode of 
interruption within two years, but whatever the interruption length, the repetition of episodes increased over time. On 
average, the number of episodes lasting 30 days was similar in the two diagnosis periods of 2004–2009 and 2010–2016.

Sensitive Analyses
The comparison of the two periods of diagnosis did not show any statistically significant difference between PDC rates. 
The PDC was not lower for the period 2004–2009 (77%) but higher than for the period 2010–2016 (67%) (Table 2).

The sensitive analyses considering a lower threshold of 85% or 80% to define optimal adherence showed a similar 
decrease over time in the proportion of patients with optimal adherence. Albeit necessarily higher (69.9% and 78.4%, 
respectively, at six months), these proportions drop over time to 47.3% and 58.4% at two years (Supplementary Figure S1).

All analyses comparing age groups and total number of comorbidities were consistent with our main analysis. The 
proportion of patients showing optimal adherence (PDC≥85%) was 2.05 times higher in the group aged 51–64 and 1.89 times 
higher in the group aged 31–40 (P<0.001), and higher in the group with no comorbidities (aPR 1.27, 95% CI (1.02–1.60)) 

Table 4 Demographic and Clinical Characteristics Associated with Non Persistence to Imatinib 
in CML Patients, Belgium, 2004–2016

n HR (95% CI) Adj HR (95% CI) P*

1194

Gender 0.39

Men 640 1 1
Women 554 0.96 (0.82–0.93) 0.88 (0.74–1.03)

Age <0.0001

18–30 72 1 1

31–40 94 1.61 (0.88–2.22) 1.62 (1.00–2.23)
41–50 172 1.59 (1.03–2.15) 1.58 (1.01–2.14)

51–64 345 2.33 (1.81–2.85) 2.19 (1.66–2.72)

65–74 267 2.84 (2.32–3.36) 2.54 (2.00–3.08)
≥ 75 244 6.94 (6.43–7.45) 6.05 (5.52–6.58)

Number of comorbidities 0.38

No comoribidity 575 1 1

1 comorbidity 373 1.79 (1.61–1.96) 1.16 (0.96–1.35)
≥ 2 comorbidities 246 2.42 (2.25–2.60) 1.34 (1.13–1.55)

Year of CML diagnosis 0.30

2004–2009 561 1.01 (0.86–1.15) 1.16 (1.02–1.31)

2010–2016 633 1 1

Notes: *P value using Wald Chi² resulting from Cox Regression model. 
Abbreviations: CML, Chronic Myeloïd Leukemia; HR, Hazard ratio.
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(Supplementary Table S2). A similar significant association with age was observed with a threshold of 80%, but not with 
comorbidity status (Supplementary Table S3).

Concerning persistence, while limiting the measure of non-persistence to patients who discontinued imatinib for 
a reason other than death, we found a higher rate of persistent patients (99.2% at six months F/U), also decreasing over 
time (91.9% at two years F/U) (Supplementary Table S4). Similar to our main analysis including death as a competing 
risk, the Cox regression model confirmed in this population a higher risk of imatinib discontinuation (≥90-day gap in 
possession) in patients older than 75 years (aHR 6.80, 95% CI (6.05–7.55), P<0.001) (Supplementary Table S5).

All analyses using 30- and 60-day gap definitions for discontinuation confirmed the much lower proportions of 
persistent patients over time. Consistently, the Cox regression model assessing predicting factors confirmed a higher risk 
of discontinuation in patients older than 75 years (Supplementary Table S6 and S7).

Discussion
Adherence to treatment and persistence are key factors of treatment success. However, the current study has revealed that 
a critical proportion of CML patients in Belgium have not adhered to imatinib recommendations, with a decreasing rate 
of adherence and persistence over time.

Using real-world data on pharmacy refills, we were able to identify demographic and comorbidity status predictive of 
poor adherence and persistence.

Our findings concerning imatinib adherence rates are supported by those of another claim-based study using the same 
adherence definition over the same follow-up period, which found 44% of adherent patients after one year and 38% after 
two years.36 Studies reporting higher proportions of adherent patients have used a lower threshold of 80%37–39 or 85%40–42 

to categorize adherence, as we found in our sensitive analyses. It is worth noting that a lower threshold necessarily results in 
a higher proportion of adherent patients.43 Since the threshold used should be the lowest level at which the desired 
therapeutic effect is maintained,44 a minimum threshold of 90% should be used for imatinib in CML.11,32

The length of the observation period is equally important to consider. As adherence to long-term oral therapy declines over 
time,45–47 a shorter observation period may overestimate adherence to treatment. Prospective studies able to provide more 
comprehensive clinical data and to explore the reasons for non-adherence cannot, in contrast, afford to monitor adherence over 
a long period48 and may therefore provide higher rates of adherence. Based on 3 months pills count, the previous Belgian 
ADAGIO study10 found 90.9% of adherence. By assessing adherence over for distinct F/U period, our study showed that 
adherence drops off as early as 6 months and continues to decline for up to two years.

Figure 3 Distribution of hematopoietic stem cell transplantation and death in patients with chronic myeloid leukemia after 5 years considering their 2 years adherence rate 
to imatinib. 
Notes: *916 patients with at least 3 years follow-up (diagnosis before 2nd July 2015), **837 patients with at least 4 years follow-up (diagnosis before 2nd July 2014), ***762 
patients with at least 5 years follow-up (diagnosis before 2nd July 2013). 
Abbreviation: HSCT, Hematopoietic stem cells transplantation.
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The above adherence rates calculated from the PDC and a DDD of 400mg were put into perspective with the rest of 
the data and the context to check their reliability. First, in CML, according to international guidelines, it was not 
recommended to increase the dosage of imatinib to 600 or 800 mg outside of clinical studies whose patients are not 
included in our cohort.49 On the other hand, toxicity-related dose reduction only concerns a very small proportion of 
patients29 and has certainly been further limited by the arrival of second generation TKIs.49 Since then, in case of 
imatinib intolerance, suboptimal response or failure, a switch to dasatinib or nilotinib was recommended.

The comparison of the PDC between these two periods did not show any statistical difference in the number of days 
not covered by imatinib. Moreover, the diagnosis period of 2010–2016 showed more days of interruptions. The 
assessment of episodes of 30-days interruption showed that the number of patients experiencing one unique episode 
stabilized within the first year F/U. They may therefore correspond to toxicity-related treatment interruptions. One single 
episode of 30 days kept, however, the patient in the category defined as optimally adherent (PDC ≥90%). In contrast, the 
patients multiplying the episodes increased over time and are more inconsistent with drug-related toxicity.

It is therefore reasonable to consider that high rates of non-adherence found in the following study were not biased by 
toxicity-related treatment interruptions.

Among baseline characteristics, our study, in accordance with the previous small-scale Belgian ADAGIO study,10 did 
not identify gender as a predictor for poor adherence.

In turn, we found a significant association between adherence and age. Age has often been identified as a risk factor associated 
with poor adherence, but, rather inconsistently, sometimes in relation to younger age9 and sometimes older age.42,50 The current 
study showed that patients aged over 75 years are less likely to be adherent compared to the younger 31–40 or 51–64 age groups. 
However, it should be noted that the 18–30 group was also found to be struggling with imatinib adherence regardless of the 
threshold of 80%, 85%, or 90% PDC used to define optimal adherence.

It is all the more striking that current evidence suggests that the biology of CML is not affected by the patient’s age 
and that older individuals may benefit from TKI treatment to the same extent as younger patients.51 In the case of TKI 
failure or resistance, HSCT is currently the only cure for CML. Unfortunately, transplant is not always an available 
option, considering older age or comorbidity. In any case, HSCT is a costly and risky procedure with a high mortality rate 
and lifelong complications. This should justify all efforts to improve high adherence regardless of age category.

Our results regarding the distribution of HSCT events support this view. Though HSCT indications and causes of 
death were unknown, we observed that the majority of these events concerned patients with suboptimal adherence 
(PDC<90%) at two years. These results are consistent with those of other retrospective studies showing a higher risk of 
treatment failure and mortality in patients with suboptimal adherence.10,11,52

If improving high adherence should be a priority regardless of age, the type of intervention required to achieve it will 
necessarily vary. Although the main reasons for non-adherence reported by young adults and the elderly are partly 
comparable,53 their reality differs and may affect adherence behaviors differently. Elderly patients are more prone to 
multimorbidity and therefore complex regimens with multiple prescribing physicians, but also to cognitive impairment or 
difficulty with drug storage and formulation, which are all additional factors associated with poor adherence.54 Young 
adults (18–30 years) are most concerned about entering university or the job market and about starting a family. 
Generally, they are less able to recognize or more unwilling to consider the long-term implications of optimal adherence 
though, conversely, they feel directly impacted by the adverse effect of treatment that may negatively affect their social 
and active life.

Alongside age, our study revealed that having one or two comorbidities was a predictive factor of lower adherence. 
Supporting this, patients receiving multiple medications for coexisting conditions have been demonstrated less adherent 
to anticancer medications13,55–58 First of all, increasing the number of dose to be taken simply increases the risk of 
forgetfulness.59 Next, the size and number of pills may increase discomfort and make it difficult to swallow. Some 
patients may also choose to receive less effective anticancer treatment because they fear potential interactions and side- 
effects.55 However, many other factors are involved and comorbidities-related medications do not justify the barriers in 
adherence alone. Non-adherence may be increased due to physical impairments, a daily routine complexified by multiple 
foreign caregivers for chronic conditions, but also, patients with multiple chronic conditions may have a different 
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perspective on health outcomes such as longer survival, prevention of disease-specific events, or tolerable risks of 
adverse drug reactions.60

The current study assessing persistence revealed that around 17% of patients discontinue imatinib within two years. 
Our results are quite similar to what Klil-Drori et al61 observed when they reported that 88.2% of CML patients remained 
persistent at three years F/U, though they used a 45-day gap definition. However, our sensitive analysis using a 60- and 
30-day gap found yet lower proportions (82.3% and 56.6%, respectively) of still persistent patients at two years F/U, 
which is closer to what M. Pajiep and colleagues observed in France in their population-based study.62

The number of consecutive imatinib-free days varies across studies from 3063 to 45,61 60,41,64 or 90 days64 and cross- 
validation is made difficult. However, we think there is a risk in choosing a too short timeframe for the definition of 
discontinuation. When we compared the number of 30-, 60-, or 90-day gaps, we illustrated how the shorter the gap, the 
higher the number and the more frequent the episodes. After initiation, imatinib may have to be temporarily suspended until 
side effects or toxicities disappear. By choosing too short a duration, there is a risk of excluding several discontinued 
patients from the adherence measure and therefore confusing non-adherence behaviors with non-persistence. This is all the 
more essential as reasons for these two behaviors differ and they require different interventions.

We found that half of non-persistence concerned involuntary discontinuation due to the patient’s death and the other 
half concerned voluntary discontinuation. Patients who discontinue treatment due to death may have substantially 
different profiles, including more severe disease or more comorbid conditions than those who intentionally discontinue 
treatment (eg treatment failure or switch).53 This is 4.5% of patients discontinuing before 2 years who will not reach deep 
molecular response required to allow treatment discontinuation and potentially a treatment-free remission status.65

The analysis of predictive variables revealed no significant association other than age. Patients ≥75 years old had 
a higher risk of discontinuation. Using a competing risk approach for death, higher estimates may be expected on the 
assumption that non-persistence was predominantly driven by patient deaths. However, our sensitive analysis showed 
that the statistical association between age ≥75 and intentional discontinuation remained. Multiple explanations are 
possible. Due to increased fragility of older patients, discontinuation may be a medical decision related to drug toxicity. It 
is also possible, however, that older patients’ perspectives on the quality and length of life in case of adverse effects 
affect their continuation of imatinib.66

CML is most frequently diagnosed among people aged 65–74, and approximately half of newly diagnosed patients 
are 65 years or older. The changing demographic may contribute to an increasing number of patients over 65 years with 
cancer diagnoses.67 The higher prevalence of comorbidity in this population68 exacerbates their risk of non-adherence.

The results of the current study demonstrate that, in Belgium, although imatinib is reimbursed for CML treatment, 
a very large proportion of patients still do not adhere to their treatment. This argues for urgent prospective interventions 
to screen and improve CML patients’ adherence. Interventions are diverse and should be specific to patients’ difficulties. 
It is important to remember that patients might not be adequately informed or knowledgeable about their therapeutic 
regimen. As they may change their dosages according to their comprehension, it is critical to ensure that they are aware 
of the importance of taking their medications exactly as directed.69

Older patients tend to have more regular contact with their doctor. Patients with multiple comorbidities and cognitive 
impairment54 may therefore benefit from medication reviews aimed at simplifying regimens and educating patients about 
their treatment. Younger individuals, generally more likely to consult the internet to understand their condition and 
medications, need more time with the healthcare professional to discuss their condition fully and be convinced of the 
benefits of adhering to their regimen. For the long term, it may be necessary to support motivation, possibly through 
digital channels.

New treatment guidelines provide hope for treatment discontinuation and treatment-free remission but deep molecular 
response must be maintained during at least 5 years.70 However, not all patients will be eligible,71 and the others will 
have to maintain a deep molecular response for 5 years. Imatinib therefore remains a long-term or lifelong treatment for 
which optimal adherence (PDC ≥90%) should be ensured.
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Strengths and Limitations
This study provides the first nationwide Belgian retrospective measure of imatinib adherence and persistence in adult 
patients with CML. Based on pharmacy refill data and calculated for the whole CML patient population treated in 
Belgium between 2004 and 2018, our study provides strong objective results that are reliably transposable and relevant 
for the international context.

By measuring outcomes at four time points over a longer two-year observation period, we were able to disclose the 
changing nature of adherence behaviors. To date, there is still no gold standard for measuring adherence to treatment.72 

Each method has advantages and disadvantages. The results of the current study must be interpreted in the context of the 
strengths and limitations of the method used.

First, pharmacy dispensing does not necessarily mean that the patient has consumed the medication or taken it as 
prescribed. However, if the PDC cannot claim to measure the uptake of medication itself, on the other hand, it does 
identify with certainty the days on which the patient had no medication available, which necessarily says something 
about non-adherence. The limitation of this method is therefore not to underestimate but to overestimate adherence. 
Considering the low proportion of patient found being optimally adherent (PDC≥90%) within 12 (41.5%) or 24 (30.1%) 
months, the risk would be to have still overestimated adherence rates.

Secondly, while non-adherence can manifest in various ways within implementation phase, the PDC only provide an 
aggregate summary of imatinib availability and is unable to differentiate between a patient who was poorly adherent 
because he skipped imatinib every other day or one who was fully adherent for one month before interrupting treatment 
for two weeks. Additional approaches such as group-based trajectory models are therefore warranted to identify the 
heterogeneity of poor adherence behaviors and related associated factors.

Thirdly, our observation was limited to two a 2 years F/U period. According to new CML treatment guidelines, it 
would be beneficial to extend the F/U period to 5 years.

Finally, medication adherence is a complex and dynamic behavior influenced by multiple interacting factors. 
Administrative data are collected for financial and administrative rather than research purposes. As such, they do not 
provide insights into clinical variables such as reasons for interruptions, treatment-related toxicities or adverse effects, or 
several other personal and contextual reasons for nonadherence. Regarding patient demographic factors, our study was 
restricted by the limited available data, so multiple unobserved confounders may remain, such as living arrangement, 
migration background, or educational level.

Conclusion
Based on real-world pharmacy refill data, our study provides the first nationwide measures of adherence to and 
persistence with imatinib. Our findings revealed that a considerable proportion of CML patients struggle to adhere to 
imatinib recommendations, with a decreasing rate of adherence and persistence over time.

The proportion of optimal adherence at two years F/U was low, with a higher risk of poor adherence in patients older 
than 75 years and those with one or two comorbidities. The proportion of discontinued patients was significantly higher 
among the elderly.

Our study results argue for prospective screening whatever patients’ age but suggest specific population interventions. 
Further research describing different types of poor adherence/persistence and reasons for it is warranted to improve the 
efficacy of interventions and guarantee the efficacy of treatment.
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