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INTRODUCTION

chronic myeloid leukemiachronic myeloid leukemia
Chronic myeloid leukemia (CML) is an acquired myeloproliferative disease of the hematopoietic stem 
cell and belongs to the general category of myeloproliferative neoplasms. It is marked by a dysregulated 
production and uncontrolled proliferation of mature and maturing granulocytes with a rather normal 
differentiation. CML is characterized by a reciprocal translocation between chromosomes 9 and 22, 
t(9;22)(q34;q11), called the Philadelphia chromosome.1, 2 This translocation leads to a fusion of the 
Abselson1 (ABL1) gene originally located on chromosome 9 with the Breakpoint Cluster Region (BCR) 
gene on chromosome 22 (Figure 1). The Philadelphia chromosome results in the formation of a 
unique gene product (BCR-ABL1), which is a constitutively active tyrosine kinase. Through multiple 
intracellular signaling pathways activity of this kinase stimulates abnormal proliferation, discordant 
maturation, reduced response to apoptotic stimuli and altered adhesion to bone marrow stroma.3, 4 

Chromosome 9

Chromosome 22

Chromosome 9

Philadelphia 
chromosome

BCR-ABLBCR

ABL

Figure 1. Formation of the Philadelphia chromosome due to the reciprocal translocation between chromosomes 9 and 22, 
and the subsequent BCR-ABL fusion gene.
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Historically, CML has set examples for cancer research and therapy. Firstly, due the identification 
of the Philadelphia chromosome in 1960 by Nowell and Hungerford, CML became the first human 
malignancy to be associated with a genetic abnormality. Subsequent identification of the reciprocal 
translocation paved the way for the development of targeted therapy in cancer care.5 Then, in 2001, 
CML marked history again with the advent of the first targeted therapy, i.e. tyrosine kinase inhibitor 
(TKI) imatinib. 

clinical manifestations
Three phases can be distinguished in the clinical course of CML: chronic phase (CP), acceleration 
phase and blast crisis. Without any treatment, the indolent chronic phase will progress via the 
transitional acceleration phase into a blast crisis, which resembles acute leukemia. The majority of 
patients are diagnosed with CML in chronic phase,6 often as a consequence of an incidental finding 
of an elevated white blood cell count during routine blood tests.4, 7 Around 20-50% of the patients 
are asymptomatic, others typically experience mild symptoms such as: fatigue, weight loss, excessive 
sweating, and bleeding episodes.7, 8 Abdominal pain and discomfort can be reported as well, due to 
splenomegaly which is present in almost half of the patients at diagnosis. Anemia, an exceedingly 
elevated white blood cell and platelet count are other frequent findings.  

epidemiology
CML is a rare malignant disease and accounts for approximately 15 to 20% of all leukemias in adults,9 
and has an annual incidence of 1 to 2 cases per 100 000, with a slight male predominance.6,7  In the 
Netherlands, roughly 175 new patients are reported annually.10 

Median age of patients at diagnosis is 55-65 years. Of note, median age for patients enrolled in clinical 
studies versus actual median age from cancer registries may differ at least 5-10 years, although often 
much more, as elderly CML patients are generally underrepresented in clinical trials.11, 12

Due to substantial improvement in survival with the advent of TKIs, prevalence of CML is steadily 
increasing. In the US, it is estimated to increase from 70 000 in 2010 to 181 000 in 2050, thereafter 
it will reach a near plateau phase.13 For Europe, more than 400 000 patients in 2050 are expected.14 
As noted earlier, nearly half of the CML patients is aged 66 years and older, therefore the aging 
population is another contributing factor to the rising prevalence.15 

treatment
Before TKIs were introduced, prognosis of CML was poor with a median survival of 3-5 years.16 

Treatment options comprised the therapeutics alpha interferon, busulfan, cytarabine, hydroxyurea, 
and allogeneic hematopoietic cell transplantation (HSCT). HSCT was the only curative option, at the 
cost of increased toxicity and early mortality. 
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In 2001, the first TKI imatinib was introduced.17 Imatinib blocks the ATP binding site of the oncoprotein 
BCR-ABL1, thereby reducing the aforementioned signaling pathways, ultimately resulting in an 
inhibition of the constitutive tyrosine kinase activity of the BCR-ABL1 protein. Soon, other TKIs 
followed, being nilotinib, dasatinib, bosutinib, ponatinib, and currently asciminib is being tested in 
clinical trials. Together with imatinib, the first three next-generation TKIs are the ones approved 
for frontline therapy. Although these next-generation TKIs induce deeper and faster molecular 
treatment responses than imatinib, they display no superior survival compared to imatinib.18-20 
With the advent of TKIs, CML treatment was revolutionized. From the period just before imatinib 
introduction (1989-2001) to the TKI-era (2001-2013), Western population-based studies have shown 
an increase in 5-year relative survival from 20-30% to 50-90%, respectively.15, 21-24 Long-term results 
of the IRIS trial (International Randomized Study of Interferon and STI571) showed a 10-year survival 
of 83.3% for patients treated with imatinib.25 Currently, CML patients more often die with CML in 
control than because of CML and their life expectancy approximates that of the general population, 
as is shown in Figure 2.26, 27 Due to the significantly improved survival rates, fatal CML has been 
transformed into a rather chronic malignant disease. 

Figure 2. Life expectancy of the general population and CML patients aged 55 years at diagnosis in Sweden. Left curve: 
males, right curve: females. Adapted from Bower et al. 2016.27

As with any chronic disease in general, management of adverse events and therapy adherence 
are key to success. TKIs are orally administered and induce early, modest and self-limiting or easy 
manageable adverse events.28 All TKIs can suppress the bone marrow and increase hepatic enzymes, 
yet each TKI has a rather distinct toxicity profile. 
However, TKI therapy is not curative. Although the response rate to TKI therapy is high, some patients 
develop TKI resistance and progress into advanced phase and can die as a consequence of their CML 
when rescue therapy fails. Other patients become intolerant or non-adherent to TKI therapy because 
of significant adverse events. Some patients even experience even severe adverse events that are 
life-threatening. Hence, although impressive progress has been made in CML management, there 
remains a need to explore novel treatment strategies. 
While choosing the most appropriate TKI for the specific patient, at least the following should 
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be considered: therapeutic goals, efficacy and safety profile of each TKI, as well as comorbidity, 
comedication, preferences and susceptibility to toxicities of the patient. Nowadays, costs should 
also be taken into account as annual costs of TKIs in the Netherlands are approximately €25 million.  
Generic imatinib became available a few years back with, subsequently, a considerable decrease in 
costs, and generic dasatinib is expected to be available  soon. 

therapeutic goals
Therapeutic goals in CML care include the prevention of CML related death, to obtain a normal 
survival expectancy and good quality of life.29 Current therapeutic strategies are life-saving, though 
they should be monitored carefully for adverse events and treatment responses. Recommendations 
for diagnosis, treatment and monitoring of treatment outcomes are established in (inter)national 
guidelines.29, 30 Molecular testing, expressed as the ratio of BCR-ABL1 transcripts to control transcripts 
reported in log reduction on an International Scale (IS), is paramount in monitoring treatment 
response. Milestones in molecular monitoring are defined at 3, 6 and 12 months after the start of 
TKI treatment and determine whether therapy should be adjusted. 
Currently, another goal of CML care is treatment-free remission (TFR), as eventually some patients 
maintain remission after discontinuing their TKI therapy. Discontinuation of treatment can be 
attempted in eligible patients who have achieved a sustained deep molecular response (DMR) of 
sufficiently long duration.29 DMR is defined as a 4 and a 4.5 log reduction in BCR-ABL1 levels (i.e. 
BCR-ABL1 ≤0.01% and ≤0.0032%, respectively) on the IS. Albeit, only a small minority of patients 
qualifies for TFR, and approximately half of them remain in TFR after TKI discontinuation.31-33 Specific 
recommendations regarding TFR are summarized in the available guidelines. 

guideline adherenceguideline adherence
In the ideal world, recommendations as proposed by evidence based guidelines would be standard 
daily clinical practice. Monitoring molecular response to therapy is fundamental for achieving 
optimal patient outcomes, as patients at risk of treatment failure can be identified in a timely manner. 
Unfortunately, studies show that guideline adherence by physicians treating CML is suboptimal. 
In community settings in the US, molecular monitoring was performed in accordance with the 
guidelines in only 39% of the patients, whereas 21% received no molecular testing at all in the first 18 
months of treatment. For cytogenetic testing, the rates were 47% and 23%, respectively.34 In another 
US study, at 12 months since start treatment, 23% of the patients underwent cytogenetic testing and 
69% molecular testing.35 In Canada, non-adherence to guideline recommendations at 12 months in 
chronic phase CML patients using imatinib was reported 20-30%.36 In the Netherlands, suboptimal 
monitoring was reported in 26% of cases.37 Local hospital experience with CML cases has proven to 
be an important factor, as 90% of the patients in high volume hospitals (>2 new patients annually) 
received the minimum standard of care, compared to 67% and 50% in intermediate and low volume 
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hospitals (≤1 new patient annually), respectively.37 Of note, diagnosis and treatment of CML occur in 
more than 95 hospitals in the Netherlands and nearly 40% of the newly diagnosed CML patients are 
treated within hospitals that care for less than two new patients annually, leading to a huge amount 
of practice variation. The widely dispersed care has presumably an influence on other aspects of CML 
management as well, as demonstrated by the fact that nearly 25% of molecular laboratories do not 
report BCR-ABL1 levels on the recommended International Scale enabling national standardization.
The importance of optimal monitoring is emphasized by the fact that patients who are adequately 
monitored have a significant lower risk of disease progression and have a longer progression-free 
survival when compared to suboptimal monitored patients.35, 38, 39 In addition, TKI adherence, the 
other crucial factor in CML management, is improved in these patients.40 Optimal monitoring reduces 
healthcare resource utilization and healthcare costs.41, 42

Reported barriers to physician guideline adherence include lack of familiarity, lack of time, (patients’) 
resource barriers, lack of agreement and inconvenience. Furthermore, there appears to be a lack of 
interest in additional training or efforts to facilitate guideline adherence.43 Besides, implementation 
of guidelines or new technologies in healthcare continues to be a complex challenge.44 Hence, 
suggested solutions focus on educational efforts directed towards patients regarding CML 
management, automated computerized reminders at point of care, or use of nonphysician caregivers 
to monitor and contact patients. 

patient adherencepatient adherence
Despite the advent of an orally administered, life-saving therapy, low therapy adherence rates 
are a major challenge in CML care.45-47 Various adherence rates are reported, due to a variety in 
adherence measurements and study populations. Mean adherence rates in literature range from 
74% to 98% and only a small proportion of patients was perfectly adherent (i.e. intake of 100% of the 
prescribed doses) whilst many were suboptimal adherent (i.e. intake of <90%).48, 49 Poor adherence 
is not without consequences and may be the predominant explanation for failure to achieve 
adequate molecular responses. Low adherence rates result in decreased treatment responses and 
subsequently increased rates of resistance and progression, and an increase in healthcare utilization 
and costs.50-54  To illustrate, only 29.3% of the patients with an adherence rate of ≤95% obtained a 
major molecular response (MMR), whereas 94.5% of the patients with an adherence rate of >95% 
achieved an MMR.53 The probability of achieving MMR for patients with an adherence rate <90% 
versus ≥90% was 13.9% versus 93.7%, for adherence rates of 85% and 80% the probability was: 
11.8% vs 85.8% and 0% vs 81.2%, respectively.
Low adherences rates occurred more frequently in young patients and patients with adverse events. 
Adverse events (AEs) are often reported and are even described as the main reason for skipping TKI 
doses intentionally.45, 51, 55, 56 Obviously, timely recognition of AEs by physicians is essential to manage 
symptoms or consider switching TKI to enhance adherence. 
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patient empowermentpatient empowerment
The role of being a patient and how to behave in the process of care is changing over time. The 
transformation of the Dutch healthcare system in 2006 into a regulated market-based healthcare 
system made patients more important as stakeholders in healthcare organization. Patients are 
compelled to make decisions in insurance companies and healthcare providers. Hence, more room 
for autonomy and individual responsibility concerning health is stimulated, and necessity of informed 
consent is a crucial first step to deploy proper choices or decisions. 
The process through which people gain greater control over health-related decisions and actions is 
defined as patient empowerment by the World Health Organization.57 The following four components 
are required: 1) patients understand their role 2) patients acquire enough knowledge to be able to 
engage with their healthcare providers, 3) patients have the skills needed to manage their health; 
and 4) healthcare environment and community facilitate patient’s health-related activities and 
efforts. The Patient Empowerment Network further specified patient empowerment and identified 
seven components: information, health literacy, digital literacy, self-efficacy, mutual respect, shared 
decision-making and a facilitating environment.58 
Patient empowerment is a necessary process towards patient-centered care,59 in which an individual’s 
specific needs and desires regarding their health are the driving force behind all healthcare decisions 
and quality measurements. Patients partner up with their healthcare provider (HCP) and HCPs treat 
patients with a holistic perspective. A patient-centered approach is defined by the European Health 
Parliament as one that 1) places outcomes, interests and overall experience of patients at the center; 
2) takes patients’ medical needs into account, combined with their social and psychological needs; 3) 
requires HCPs to possess the knowledge, skills and attitudes to manage the needs of each individual 
patient; 4) offers patients a position in decision-making, alongside HCPs, health stakeholders and 
policy makers.60 Popularity of patient-centered healthcare increases and patients are expected to 
become more engaged. Consequently, patients should be prepared and be equipped with adequate 
knowledge and skills. 
To keep healthcare sustainable in the future, the importance of innovations focused on the end-user, 
i.e. patient-centered, to enable self-management is emphasized. Patient-centered care is both a goal 
in itself as well as a tool to optimize health outcomes.61 In addition to the primary goal to improve 
individual health outcomes, population outcomes may also improve. Moreover it can improve 
resource allocation, more efficient healthcare delivery and reduced healthcare costs.62
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healthcare costshealthcare costs
Worldwide, healthcare costs keep rising and the health sector continues to expand faster than 
the economy.63 The most important contributing factors are an increasing prevalence of non-
communicable diseases, chronic conditions and an ageing population.64 Healthcare spending on 
cancer is expanding as well and is even expected to increase the most the next decades.65 Regarding 
anticancer drugs alone, global annual spending was reported to be around US$ 100 billion in 2017, 
with a predicted rise to $150 billion by 2020.66 This rise, however, was already nearly reached in 
2018 and the $200 billion is predicted to be exceeded by 2023, with an average annual growth of 11-
14%. Remarkably, costs are heavily concentrated with the top 38 drugs accounting for 80% of total 
spending on anticancer drugs.67 
The explanation for the rise is twofold; in addition to rising drug prices, the number of available 
anticancer drugs grows as well. Illustratively, a report in the US showed an increase in monthly 
spending during the first year on the market of 63% for products launched after 2010, compared 
to products launched in the period 2000-2010. In addition, the prices of most drugs increased 
substantially thereafter. For TKIs, for example, the mean change per year (up to 2014) was reported 
7.5% for imatinib, 7.1% for dasatinib and 3.4% for nilotinib.68

In the Netherlands, during the period 2000-2008 oral anticancer agents have more than doubled 
in use.69 The increase in costs was even more abundant with a 50-fold rise from €2 million to 
approximately €100 million. Although TKIs did not comprise the increase in use, they encompassed 
the major share (67%) in oral anticancer drug costs in 2008. Currently, more than a decade later and 

Figure 3. Number of new oncology drugs approved between 2014-2018. Of note: 31% have been for hematologic 
malignancies. Source IQVIA Institute.67



Introduction and outline

17

1

with the advent of more new - and patented- therapies (Figure 3), TKIs contribute to 28% of the 
spending on anticancer drugs, i.e. €280 million. Although the TKI costs per patient slightly decrease, 
it barely compensates for the increase in patients. Of note, these numbers include other TKI 
indications than CML as well. For CML, treatment costs are estimated at an annual €30 000-40 000.14 
The most recent Dutch data show that currently, anticancer drugs have the major share (47.3%) in 
medication spending, with around €951 million in 2017 and over €1 billion in 2018. Simultaneously, 
an increase of 9% in amount of patients using these drugs was reported.70 

future healthcare future healthcare 
A further increase in drug spending is expected as anticancer and hematological drugs comprise the 
major part of the yet to be introduced drugs.70 Cancer is the group of diseases in which spending is 
expected to increase the most, on average 6% a year. Consequently, the proportion of healthcare 
costs due to cancer will increase from 6.5% in 2015 to 14% in 2040. 
Even when we disregard the financial struggle, we would still face a major challenge encompassed by 
the shortage of manpower in healthcare. A Dutch report predicted that 2 million healthcare workers 
will be required in 2040, compared to the 1.4 million healthcare workers at present. In other words, 
the current rate of 1 healthcare worker in 7 working people will be increased to 1 in 4.65  
Hence, there is a need for change in delivering care to keep future healthcare affordable and 
accessible for all. The World Health Organization underscores the necessity of innovative solutions 
that are focused on the end-user to respond to these changing trends and manage the long-term 
health problems.71, 72 Transformation of healthcare service delivery is required and consists of the 
following direction, among others: “Moving towards people-centred care by enabling patient self-
management where appropriate, as well as delivery of care as close to home as is safe and cost–
effective”.72 This aim complements the present shift towards more equality in the physician-patient 
relationship. Naturally, to deliver care outside of the hospital and enable self-management patient 
education is paramount.

The aforementioned suboptimal adherence rates of both patients and physicians indicate room 
for improvement and constitute the major targets of innovative strategies. Hence, aside from the 
development of new and patented therapies, with prices that may seem disproportionate to the 
result in clinical benefit,73, 74 we should focus on optimizing the use of current therapies. Empowering 
patients by providing them with the know-how and tools to self-manage their disease promotes 
medication adherence. As solutions for guideline adherence are recommended to focus on efforts 
directed towards patients instead of physicians, it may improve guideline adherence as well. The 
resulting enhancement of treatment outcomes not only decreases the chance of progression and 
healthcare utilization, it also increases the possibility of TFR which results in drug related savings.75, 76

In this thesis, we focused on transforming CML care, as the rise in prevalence is expected to continue 
for another 30 years and it is a malignancy with an orally administered therapy resulting in an almost 
normal survival, which qualifies CML eminently for management outside of the hospital. 
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OUTLINE OF THE THESIS

The first part of this thesis focuses on the challenges in current CML care management in the 
Netherlands. The second part evaluates opportunities for improvement and explores innovative 
strategies to educate and empower patients in management of their own care process. 

PART I – CHALLENGES IN CURRENT CML CAREPART I – CHALLENGES IN CURRENT CML CARE

In the first part, we focused on consequences of and challenges in CML care. With the improvement 
in survival and hence an increase in long-term CML survivors, survival statistics measured from 
diagnosis might not be relevant to inform patients and their HCPs about changes in CML prognosis 
over time. Therefore we aimed to assess 5-year relative survival (RS) at diagnosis and for each 
additional year survived up to ten years post-diagnosis among adult Dutch CML patients diagnosed 
in the TKI era (chapter 2). Subsequently, with an ageing population and rising prevalence in mind, 
we concentrated specifically on survival of elderly CML patients. We assessed trends in primary 
treatment and survival of CML patients aged 70 years and older by conducting a retrospective 
population-based registry study (chapter 3). 
As described above, recommendations for CML care are well established in international guidelines 
and although physician guideline adherence is one of the cornerstones of CML management, 
adherence rates are not optimal. Guidelines are often based on clinical studies which may not 
resemble actual clinical practice. Therefore we explored a new way to assess adherence and evaluate 
guidelines in daily practice (chapter 4) to investigate ways to improve guideline adherence. 

PART II – STRATEGIES TOWARDS PATIENT EMPOWERMENTPART II – STRATEGIES TOWARDS PATIENT EMPOWERMENT

Before developing innovative strategies, it is important to determine whether investments in 
achieving the objectives seem worthwhile and whether they could be cost-effective, for success 
of an innovation is often dependent on their efficacy and preferably, cost-effectiveness. Therefore, 
we assessed potential cost savings and gain in quality-adjusted life years when both physician and 
patient adherence are improved (chapter 5), which provided  maximal room for investment. 
Patient education is the cornerstone of self-management.77, 78 Unfortunately, despite a technologically 
advanced era, unmet information needs remain a challenge in current cancer care, even though the 
beneficial effects of adequate information provision are well described. Hence, we reviewed gaps in 
cancer patient information and comprehension, and provided examples of interventions aimed at 
filling the gaps (chapter 6).
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Next, we aimed to develop an innovation tailored to CML patients. To realize true patient-
centeredness, interviewing the patient is paramount. Therefore we started with the patient and 
explored their journey through current CML care and their biggest desires. Other stakeholders were 
involved as well and with utilization of human-centered design tools,79 a web-based, multifeatured 
and patient-centered platform was developed, called CMyLife (chapter 7).80 Such innovations are 
subject to a dynamic evaluation process to continue improvements and further adjustments to 
patients’ needs. With the importance of patient information emphasized, we conducted a cross-
survey study to evaluate perceived information provision among CML patients before utilization of 
CMyLife and identify patient factors of influence (chapter 8). In addition, we analyzed user statistics 
of CMyLife to assess whether the viewed information pages resemble perceived information 
provision.  Subsequently, we evaluated the effects of CMyLife on patient empowerment, quality of 
life, information provision and both patients’ and physicians’ adherence (chapter 9).
During the execution of this thesis, the SARS-CoV-2 pandemic occurred. As the world slowly gained 
knowledge concerning a new lethal coronavirus, studies regarding hematologic patients, especially 
the often non-hospitalized CML group, remained scarce. We conducted a timely prospective 
observational cohort study assessing differences in susceptibility for COVID-19 and severity of the 
disease course in adult CML patients and compared them to their adult housemates during the 
pandemic (chapter 10). At that time, CMyLife had been developed and we could fully exploit this web-
based platform to reach out to patients nationwide. Patients were enabled to include themselves 
through this platform. This web-based approach can complement conventional recruitment and 
inclusion by HCPs. 
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2INTRODUCTION

From an often fatal to a chronic malignancy, this connotation surrounds chronic myeloid leukemia 
(CML) since the first-generation tyrosine kinase inhibitor (TKI) imatinib was introduced for its 
management in the early-2000s.1 However, recent population-based studies show a different picture. 
Excess mortality in CML remains an issue in the TKI era, especially in countries with health inequities 
related to the provision and monitoring of TKI therapy, and older age groups.2,3,4 Notwithstanding, 
the effectiveness of imatinib and subsequent generations of commercially available TKIs brought 
about many long-term CML survivors.5 In this context, survival statistics measured from diagnosis 
might not be relevant to inform long-term CML survivors and their care providers about changes in 
CML prognosis over time. Conditional survival is an appropriate measure in this respect to estimate 
the survival probability after having survived several years after diagnosis.6,7 However, statistics on 
conditional relative survival (CRS)—which is the conditional survival corrected for the life expectancy 
of comparable groups from the general population—are lacking among CML patients diagnosed 
and managed in a contemporary TKI era. Therefore, in this nationwide, population-based study, we 
assessed 5-year relative survival (RS) at diagnosis and for each additional year survived up to 10 
years post diagnosis (that is, 5-year CRS) among adult CML patients diagnosed in the TKI era in the 
Netherlands.

METHODS

We selected all CML patients aged ≥18 years diagnosed between 2001 and 2018—with survival 
follow-up through December 31, 2019—from the Netherlands Cancer Registry (NCR) using 
International Classification of Diseases for Oncology morphology codes 9863 and 9875. Five patients 
diagnosed at autopsy were excluded. The NCR has nationwide coverage of >95% of all malignancies 
in the Netherlands since 1989.8 The decision to start the study period from 2001 was based on the 
introduction of imatinib into routine clinical practice in the Netherlands from that year onward.2 
Of note, subsequent generations of TKIs were routinely prescribed in the Netherlands as of 2009.2 
Further details about the NCR concerning CML are described elsewhere.2 The Privacy Review Board 
of the NCR approved the use of anonymous data for this study.
We calculated 5-year RS at diagnosis and 5-year CRS for each additional year survived up to 10 
years post diagnosis, conditional on being alive at the beginning of that year. RS is a measure that 
approximates disease-specific survival and is computed as the ratio of the patients’ overall survival 
(OS) to the expected survival of comparable groups from the general population—matched to the 
patients by age, sex, and calendar year.9,10 Expected survival was estimated as per the Ederer II 
methodology using national life tables, stratified by age, sex, and calendar year.11

The hybrid approach was utilized to predict up-to-date estimates of RS in an unbiased fashion when 
incidence data lag behind mortality data.12 This approach is empirically validated and conceptually 
similar to the approach used to estimate the life expectancy at birth. The hybrid approach was 
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applied for patients diagnosed during 2001–2018 who were alive at some point during the follow-up 
interval 2015–2019, resulting in 15 years of post-diagnostic follow-up information. The estimates 
produced by the hybrid approach herein can be interpreted as the predicted survival probabilities for 
patients diagnosed during 2015–2019. Full details about the statistical analyses are provided in the 
Supplementary Information (Supplementary Figures 1, 2 and Supplementary Table 1).
Survival statistics were computed with 95% confidence intervals (CIs) and presented for the overall 
cohort and by sex and age at diagnosis (18–59 and ≥60 years).13 Excess mortality is considered 
minimal when 5-year RS is 95% or above.6 This threshold indicates that the survival expectations of 
patients closely parallels the survival expectations of the general population. Differences in survival 
estimates between subgroups were considered statistically significant when the 95% CIs do not 
overlap. Analyses were performed using STATA Statistical Software version 16.1 (StataCorp, College 
Station, TX).
A total of 2941 adult CML patients (median age, 60 years; 50% aged 18–59 years; and 54% males) 
were diagnosed in the Netherlands during 2001–2018 (Table 1). The number of patients at risk under 
the hybrid approach and estimates of 5-year CRS at diagnosis and 5- and 10-year post diagnosis are 
presented in Table 1 according to baseline characteristics. Figure 1 presents a graphical representation 
of 5-year CRS up to 10 years post diagnosis according to baseline characteristics.

RESULTS

Five-year RS was 87% (95% CI, 84–90%) at diagnosis for the overall cohort (Table 1 and Fig. 1A). 
Five-year CRS increased to 95% (95% CI, 91–98%) at 5 years post diagnosis, reflecting minimal excess 
mortality. Thereafter, it remained nearly constant when considering the wideness of the 95% CIs. 
This pattern was largely mirrored by sex, with no significant sex-related survival differences over 
time (Table 1 and Fig. 1B). There were, however, age-related survival differences (Table 1 and Fig. 1C). 
More specifically, 5-year RS at diagnosis was 96% (95% CI, 93–98%) and 80% (95% CI, 74–85%) for 
patients aged 18–59 and ≥60 years, respectively. Five-year CRS remained nearly constant over time 
across the two age groups. As a result, the age differential in survival did not diminish.
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Table 1. Five-year relative survival at diagnosis and five and ten years post-diagnosis among adult patients with 
chronic myeloid leukemia in the Netherlands according to baseline characteristics

 No. of patients at 

diagnosis

No. of patients at risk under the 

hybrid approach after x year

Conditional 5-year relative survival (95% CI)

Characteristics N (%) 0 5 10 At diagnosis At 5 years At 10 years

Total no. of patients 2 941 - 2 208 1,436 734 87 (84-90) 95 (91-98) 90 (85-94)

Sex

   Male 1 601 (54) 1 207 764 366 89 (85-93) 94 (90-99) 92 (86-99)

   Female 1 340 (46) 1 001 672 368 86 (82-91) 96 (91-101) 88 (82-95)

Age at diagnosis

   18-59 years 1 456 (50) 1 288 926 534 96 (93-98) 101 (99-102) 96 (93-100)

   ≥60 years 1 485 (50) 920 510 200 80 (74-85) 86 (78-95) 71 (59-86)

Abbreviation: CI, confidence interval 
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Figure 1. Conditional 5-year relative survival up to ten years post-diagnosis among adult patients with chronic myeloid 
leukemia in the Netherlands according to (A) the overall cohort, (B) sex, and (C) age at diagnosis. 
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DISCUSSION

The findings gleaned from this nationwide, population-based study on CRS in CML in the TKI era 
furnishes a basis for optimism for patients aged 18–59 years at diagnosis. These patients have 
survival expectations throughout the 15 years of post-diagnostic follow-up that approximates the 
survival expectations of their age- and sex-matched counterparts in the general population. In 
contrast, patients aged ≥60 years at diagnosis continue to experience considerable excess mortality 
over time in a contemporary TKI era.
To our knowledge, only two studies investigated conditional survival in CML.14,15  The first study 
included patients diagnosed in the US between 1990 and 2004—with survival follow-up through 
2004—who were ascertained in the population-based Surveillance, Epidemiology, and End Results 
Program registry.14 The second study was single center in nature and included 483 CML patients 
enrolled in clinical trials investigating various TKIs between May 2000 and January 2012.15  Collectively, 
our study extends on these series by predicting up-to-date and long-term survival estimates for 
patients diagnosed during 2015–2019, thereby more closely reflecting current practices in CML.
Five-year RS at diagnosis for the overall cohort was higher in our study (87%), as compared to the 
US registry-based study (49% during 2002–2004).14 This finding of higher survival rates also holds for 
5-year CRS. However, it should be noted that our recent statistics can not be directly compared to the 
outdated estimates from the US registry-based study. This therefore illustrates that the up-to-date 
monitoring of long-term survival at the population level is imperative to assess the advances in CML 
management.
The single-center study on conditional survival in CML can also not be entirely juxtaposed to our 
population-based study because the former study computed OS instead of RS.15 Furthermore, and 
perhaps more important, the former study exclusively included trial participants up to age 85. The 
median age of their study population was 48 years compared to 60 years in our study. Therefore, 
it is questionable whether trial results can be readily extrapolated to a general patient population. 
Nevertheless, the conditional 5-year OS at 5 years post diagnosis was 90% in that study, which 
compares favorably with our 5-year CRS estimate at that same interval (95%).
Our study and the two prior studies show—despite differences in study populations and periods—that 
older age at diagnosis was an adverse factor for both OS and RS. This notion exemplifies that a subset 
of older patients does not gain the full benefit of TKIs, as compared to their younger counterparts 
who are fortunate enough to look forward to a normal life expectancy. Indeed, we showed that the 
age differential in survival between patients aged 18–59 and ≥60 years persisted throughout the 15 
years of post-diagnostic follow-up. The sustained excess mortality among older patients might be 
explained by comorbidity, frailty, TKI-related adverse events, poor patient adherence to TKIs, the 
reticent application of TKIs, or some combination of these factors. This daunting finding can bolster 
future research to improve the outcome of older patients in both the short and long term.
The strength of our study stems from the use of a comparatively sizeable population-based cohort 
that enabled the prediction of long-term and up-to-date survival expectations among CML patients 
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2diagnosed during 2015–2019. Also, by employing the hybrid approach, we increased the recency 
of the conditional survival estimates. Using comparable estimations as per cohort-based types of 
approaches would have only captured the survival of patients diagnosed during 2001–2004 with 
15 years of follow-up. Limitations of our study mainly pertain to the lack of detailed information 
throughout most of the registry to stratify CRS estimates according to well-established prognostic 
indices, treatment response, monitoring frequency, and various lines of therapy and information 
on the cause of death. Also, analysis in smaller age groups could not be reliably explored due to the 
relatively small sample size when breaking down age groups, especially among patients aged ≥60 
years after time progresses from diagnosis.
In summary, in this nationwide, population-based study exclusively covering a long-term TKI era, the 
survival expectations of patients aged 18–59 years at diagnosis parallel that of comparable groups 
from the general population. This reassuring finding was sustained throughout the entire 15 years of 
post-diagnostic follow-up. In contrast, patients aged ≥60 years at diagnosis continue to experience 
significant excess mortality over time in a modern TKI era. Age-specific information on CRS, along 
with information on specific risk factors, can aid in dynamic decisions regarding management and 
follow-up activities.
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SUPPLEMENTAL METHODS

relative survivalrelative survival
Relative survival was calculated to estimate the disease-specific survival.1 Relative survival is 
calculated as the ratio of the observed probability of the patients’ overall survival and the probability 
of the expected survival from the general population, matched to the patients by age, sex, and 
calendar period.2 Relative survival is considered the standard for the estimation of cancer patient 
survival with cancer registry data because it does not rely on the information about the cause of 
death.2 This information is often unavailable in or can be unreliable with cancer registry data.3,4 As 
such, in the setting of cancer patient survival, relative survival captures excess mortality—relative to 
the expected mortality in the general population—associated with a diagnosis of cancer, regardless 
of whether the excess mortality was directly or indirectly attributed to the index cancer; in this case, 
chronic myeloid leukemia (CML).2 

conditional relative survivalconditional relative survival
For the current study, we calculated 5-year relative survival at diagnosis and the conditional 5-year 
relative survival up to ten years post-diagnosis. Conditional relative survival portrays the survival 
expectations of patients who have already survived several years post-diagnosis. For example, the 
5-year conditional relative survival at ten years post-diagnosis portrays the probability of surviving 
additional five years—relative to a comparable group from the general population—for a patient 
who already survived the first ten years post-diagnosis.
 

the hybrid approachthe hybrid approach
Relative survival was estimated using the hybrid approach that incorporates elements of both 
the complete and period approach.5 The hybrid approach—which was described and empirically 
validated by Brenner and Rachet and is conceptually similar to the approach used to estimate the 
life expectancy at birth—enables the unbiased estimation of up-to-date survival, as compared with 
the pure period analysis, in situations where mortality data are more up-to-date than incidence data. 
The estimates produced under the hybrid approach can be interpreted as the predicted probability 
of survival for patients diagnosed during a specified period of interest.
The period approach incorporates the survival experience of patients during a specified period 
by left-truncating patients’ survival at the beginning of the period of interest, in addition to right-
censoring patients’ survival at its end.6 However, the use of the period approach requires that both 
incidence and mortality data do not lag. Therefore, to use the period approach in situations where 
mortality data are more up-to-date than incidence data, it should be combined with elements of the 
classic cohort approach.2 The characteristic feature of the hybrid approach is that the period window 
of interest is widened for the number of calendar years that incidence data lag behind mortality data. 
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2The widening of the period window allows a consistent window of incidence data to be utilized in 
producing unbiased survival estimates for each year of follow-up. At present, incidence data in the 
Netherlands Cancer Registry were available up to the year 2018, whereas follow-up for survival up to 
the year 2019. Therefore, seeing that there was a one year delay in the recording of incidence data 
in the Netherlands Cancer Registry, the period window was widened with one year. For the current 
study, the survival experience of patients diagnosed between 2001-2018 was considered during 
the follow-up interval 2015-2019. More specifically, the cohort-based 1-year survival probability of 
patients diagnosed during 2015-2018 was combined with the period-based survival probabilities for 
the second to fifteenth years of follow-up among patients diagnosed during 2001-2018 who were 
alive at some point during the follow-up interval 2016-2019. The manner how we structured the 
survival data under the hybrid approach resulted in 15 years of post-diagnostic follow-up information 
to compute the conditional 5-year relative up to ten years post-diagnosis (Supplemental Figure 1). 
The estimates of the hybrid approach based on the above-described settings can be interpreted as 
the predicted survival probabilities for patients diagnosed during 2015-2019. Supplemental Figures 
2 depicts the survival time used, according to the years of diagnosis and years of follow-up, in the 
calculations of the 5-year relative survival at diagnosis and the conditional 5-year relative survival up 
to ten years post-diagnosis. In brief, five-year relative survival at diagnosis and the conditional five-
year relative survival at one, two, three, five, and ten years post-diagnosis was considered through 
the survival experience of patients diagnosed during 2011-2018, 2010-2018, 2009-2017, 2008-2016, 
2006-2014, and 2001-2009, respectively (Supplemental Figures 2 and Supplemental Table 2).
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Supplemental Table S1. Period of diagnosis considered for the calculation of five-year relative survival at 

diagnosis and the conditional 5-year relative survival at one through ten years post-diagnosis

 Years of diagnosis Period of diagnosis Graphical illustration of the 
survival data used
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6 2005 - 2013 Supplemental Figure 2G

7 2004 - 2012 Supplemental Figure 2H
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Supplemental Figure S1. Structure of the survival data used under the hybrid approach. The numbers within the cells 
denote the minimal years of follow-up (column) since diagnosis (row). For the computation of 5-year relative survival 
at diagnosis, and every additional year survived up to 10 years post-diagnosis (that is, the conditional 5-year relative 
survival), the survival data in the grey shaded proportions were used.  

SUPPLEMENTAL TABLES AND FIGURES
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Supplemental Figure S2. Survival data used in the calculation of 5-year relative survival at diagnosis (A) and after one 
(B), two (C), three (D), four (E), five (F), six (G), seven (H), eight (I), nine (J) and ten years post-diagnosis (K). The numbers 
within the cells denote the minimal years of follow-up (column) since diagnosis (row). The gray shaded proportions denote 
the survival data used in the calculation of 5-year relative survival.
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INTRODUCTION

The advent of the first tyrosine kinase inhibitor (TKI) imatinib in 2001targeting the BCR-ABL1 
oncoproteinrevolutionized the management of chronic myeloid leukemia (CML). Trials of 
imatinib and subsequent TKIs in CML have shown excellent survival outcomes. However, the broad 
applicability of trial results in daily practice has its limits because of the patient selection criteria 
dictated by study protocolsespecially among elderly, often comorbid patients who are generally 
underrepresented in pivotal CML trials.1 
Population-based studies can inform how changing treatment practices affect population-level 
survival. The paucity of representative population-based studies in CML is comparatively outdated 
and does not explicitly provide a comprehensive apprehension on treatment or survival among 
different older age groups, as patients are frequently combined into one age group or broad ranges 
of age.2-5 Therefore, to complement and extend on prior population-based research, we conducted 
a comprehensive, nationwide, population-based study to assess trends in primary treatment and 
survival among elderly CML patients diagnosed during a 28-year period in the Netherlands. 

METHODS

We selected all CML patients aged ≥70 years diagnosed between 1989-2017with survival follow-
up through January 1, 2019from the nationwide population-based Netherlands Cancer Registry 
(NCR) using International Classification of Diseases for Oncology morphology codes 9863 and 9875. 
Nationwide since 1989, the NCR has an overall coverage of >95% of all newly diagnosed malignancies 
in the Netherlands.6 The NCR relies on case notification through the Nationwide Network of 
Histopathology and Cytopathology, and the Nationwide Registry of Hospital Discharges (i.e. inpatient 
and outpatient discharges). Information on the dates of birth and diagnosis, sex, prior malignancies, 
vital statistics (i.e. alive, emigration, or death), and first-line anti-CML treatmentdefined as 
chemotherapy, immunotherapy, or TKI—was available for individual patients. This information is 
collected by trained registrars of the NCR through retrospective medical records review. Data on 
the use of TKI therapy and the specific therapeutic agent were registered in the NCR for patients 
diagnosed from 2007 and 2014, respectively. Of note, the use of TKI therapy before the calendar year 
2007 was recorded in the NCR as anti-CML treatment.
Patients were divided into four age groups (70-74, 74-79, 80-84, and ≥85 years) and three calendar 
periods (1989-2000, 2001-2008, and 2009-2017). The first calendar period represents the pre-TKI 
era, the second and third period the era in which imatinib and subsequent generations of TKIs were 
introduced in daily practice, respectively.
Relative survival (RS) was calculated to estimate disease-specific survival as per the cohort 
methodology. RS was calculated up to five years after diagnosis according to the calendar period 
of diagnosis and age at diagnosis and measured from diagnosis to death, emigration, or end of 
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follow-up (January 1, 2019), whichever occurred first. RS is the overall survival in the patient cohort 
divided by the expected survival of a comparable group from the general population, matched to the 
patients through age, sex, and period.7 The expected survival was calculated from Dutch population 
life tables—stratified by age, sex, and period—according to the Ederer II methodology.8 Poisson 
regression was applied to investigate linear trends in RS over time and the relative excess risk of 
mortality.9 A P<0.05 indicates statistical significance. The Privacy Review Board of the NCR approved 
the use of anonymous data for this study.

RESULTS

A total of 1 525 CML patients aged ≥70 years were included in the study (median age, 77 years; range 
70-95 years; 56% males; and 11% with a prior malignancy). The characteristics of these patients are 
presented in Supplementary Table 1. Overall, 31%, 32%, 22%, and 15% of patients were aged 70-74, 
75-79, 80-84, and ≥85 years, respectively.  
Figure 1A presents information on primary treatment according to age at diagnosis and calendar 
period of diagnosis. The application of anti-CML therapy increased over time across all age groups. 
Data of patients diagnosed during 2009-2017 showed that 93%, 93%, 80%, and 74% of the patients 
across the four age groups received a TKI, respectively. Detailed data on primary therapy among 219 
patients diagnosed during 2014-2017 is shown in Figure 1B. 
Figure 2 shows RS according to age at diagnosis and calendar period of diagnosis. One-, three-, and 
five-year RS improved significantly over time across all age groups. Nevertheless, patients across 
all age groups experienced ongoing excess mortality—as compared to the general population—in 
the most recent period (2009-2017). Furthermore, improvement in RS among patients aged ≥75 
lagged behind those aged 70-74 years in the period between 1989-2000 and 2001-2008. The most 
pronounced improvement in RS among patients aged ≥75 years took place between 2001-2008 and 
2009-2017, especially among patients aged ≥85 years.
Next, we analyzed the relative excess risk of mortality within five years after CML diagnosis in a 
multivariable model (Supplementary Table 2). Overall, when simultaneously adjusted for sex, age at 
diagnosis, calendar period of diagnosis, and a prior malignancy, patients diagnosed in 2009-2017 had 
63% lower excess mortality, as compared with patients diagnosed in 2001-2008 (excess mortality 
ratio, 0.37; 95% confidence interval [CI]; 0.29-0.50; P<0.001). However, after additional adjustment 
for primary therapy, the effect of calendar period lost statistical significance. This finding suggests 
that changes in the application of primary therapy contributed to the improved survival during 2009-
2017. Lastly, older age and male sex were independent predictors of poor prognosis.
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Primary therapy Column percentage
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TKI 0 0 93 0 0 93 0 0 80 0 0 74

CT alone 0 4 2 0 6 3 0 0 13 0 3 6

Other/unknown therapy 2 0 0 4 1 0 2 1 0 3 2 2
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Age at diagnosis and calendar period
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No therapy

Hydroxyurea

Dasatinib

Nilotinib
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Primary therapy Imatinib Nilotinib Dasatinib Hydroxyurea No therapy Total

Age, years N (%) N (%) N (%) N (%) N (%) N

70-74 62 (68) 15 (16) 12 (13) 0 (0) 2 (2) 91

75-79 45 (80) 5 (9) 6 (11) 0 (0) 0 (0) 56

80-84 33 (67) 4 (8) 6 (12) 3 (6) 3 (6) 49

≥85 18 (78) 2 (9) 0 (0) 1 (4) 2 (9) 23

Total 158 (72) 26 (12) 24 (11) 4 (2) 7 (3) 219

Age at diagnosis 

Figure 1. Primary treatment of elderly patients with chronic myeloid leukemia in the Netherlands. (A) Shows information 
on primary therapy according to age at diagnosis and calendar period of diagnosis among patients diagnosed between 
1989 and 2017. (B) Shows information on primary therapy according to age at diagnosis among patients diagnosed 
between 2014 and 2017. The table in (A) presents the proportion of patients receiving a particular treatment within a 
specific age group and calendar period. The absolute number of patients within a specific age group and calendar period 
presented in (A) is shown in Supplementary Table 3. The table in (B) presents the absolute number and proportion of 
patients receiving a particular treatment within a specific age group.
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Calender period

RSR
1989-2000 2001-2008 2009-2017

P for trend*
RSR (in%) with 95% CI

1-year 67 (60-73) 85 (76-92) 94 (89-98) <0.001

3-year 43 (36-51) 74 (62-83) 85 (78-91) <0.001

5-year 24 (18-31) 67 (54-77) 80 (70-88) <0.001

Calender period

1989-2000 2001-2008 2009-2017 P for
trend*RSR (in%) with 95% CI

57 (49-63) 68 (59-76) 94 (87-98) <0.001

28 (22-35) 50 (40-59) 81 (70-90) <0.001

18 (13-25) 42 (32-52) 79 (65-90) <0.001

Calender period

RSR
1989-2000 2001-2008 2009-2017

P for trend*
RSR (in%) with 95% CI

1-year 53 (44-62) 63 (52-73) 73 (62-82) 0.007

3-year 28 (20-38) 47 (35-59) 69 (55-80) <0.001

5-year 18 (10-27) 30 (19-43) 62 (45-78) <0.001

Calender period

1989-2000 2001-2008 2009-2017 P for
trend*RSR (in%) with 95% CI

40 (30-50) 45 (30-59) 74   (56-87) <0.001

19 (10-31) 28 (14-46) 86 (60-108) <0.001

16   (7-32) 9     (2-28) 58   (27-97) <0.001

Figure 2. Relative survival of elderly patients with chronic myeloid leukemia in the Netherlands according to age at 
diagnosis and calendar period of diagnosis, 1989-2017. Relative survival rates (RSR) are shown for the following age 
categories: (A) 70-74 years, (B) 75-79 years, (C), 80-84 years, and (D) ≥85 years. The table presents the projected 1-, 
3-, and 5-year RSR with 95% confidence intervals (CIs) according to age at diagnosis and calendar period of diagnosis. 
*P-value for likelihood ratio test assessing linear trends from the period 1989–2000 to the period 2009–2017.
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DISCUSSION

In this nationwide, population-based study, we demonstrated that RS among all age groups of CML 
patients aged ≥70 years improved considerably after the introduction of imatinib in 2001. However, 
the improvement between 1989-2000 and 2001-2008 among patients aged ≥75 years was less 
pronounced compared to patients aged 70-74 years. The improvement in the former age group was 
most pronounced between 2001-2008 and 2009-2017, especially among patients aged ≥85 years. 
This observation might suggest that patients aged ≥75 years did not immediately gain benefit from 
the advances in CML management. 
Our findings that survival improvements lag in the oldest age groups are mostly congruent with and 
extend on findings from the few available population-based studies in CML.2, 3, 10, 11 In the US and 
England, 5-year RSRs (95% CI) among patients aged 65-74 years increased between 2001-2005 and 
2006-2010 from 42% (36%-48%) to 58% (52%-64%) and from 40% (35%-46%) to 60% (55%-65%), 
respectively. In contrast, the corresponding rates among patients aged ≥75 years increased from 
only 25% (21%-30%) to 33% (28%-38%) and from 18% (14%-21%) to 26% (22%-30%), respectively.2 
Similarly, in Sweden, 5-year RSRs (95% CI) improved for patients aged 70-79 and >79 years from 
24% (17%-33%) to 75% (61%-86%) and from 6% (1%-18%) to 25% (10%-47%) between 1987-1993 
and 2001-2008, respectively.10 Of note, the RSRs in the Netherlands seems to lag compared to 
the Swedish rates. However, registration practices and the wideness of the CIs should be strongly 
considered when comparing survival rates across countries.12 Therefore, a firm conclusion regarding 
potential survival disparities cannot be made. This topic provides an avenue for future research.  
Congruent with our study, detailed data of the Swedish CML Registry among patients diagnosed 
during 2002-2010 showed that the application of TKIs increased over time among patients aged ≥70 
years.11 Furthermore, during 2007-2009, 85% and 79% of patients aged 70-79 and >79 years received 
first-line TKI, respectively. Virtually all patients aged ≥70 years diagnosed during 2014-2017 received 
first-line TKI, except for seven patients. The following reasons for not prescribing a TKI were reported: 
patients’ preferences (n=3), short life-expectancy (n=1), functional status (n=1), comorbidities (n=1), 
and unknown reason (n=1).
Despite these encouraging findings on survival improvement, elderly CML patients experience 
considerable excess mortality in contemporary clinical practice—particularly those aged ≥80 years. 
There are several possible contributing factors. Elderly patients may experience greater toxicities 
of TKI treatment due to comorbidities, which, in turn, might result in decreased adherence or 
discontinuation. Therefore, physicians were possibly reticent to offer TKIs to elderly, often comorbid 
patients—especially in the early years following commercially available imatinib. Whether the 
reticent application of TKI relates to the patients’ comorbidity, frailty, desire, or other patient- or 
physician-related characteristics is an area for future research to further improve the care among the 
elderly. Improvement in CML management and supportive measures is desired, in the view of the 
rapid growth of the aging population, resulting in an increased incidence of CML among the elderly.13 
The current study provides a benchmark to assess whether excess mortality among elderly patients 



52

Chapter 3

will decline in the years ahead. 
The strength of our study includes the utilization of a nationwide population-based cohort with a 
relatively large number of patients, long-term study period, and comprehensive information on 
primary therapy. Therefore, unlike most population-based studies, we could directly link changing 
treatment practices with improvements in survival. Limitations of our study mainly pertain to the lack 
of detailed information on the response, monitoring, and subsequent treatment choices throughout 
most of the registry. 
Collectively, in this nationwide, population-based study, RS increased significantly over time 
among various age groups of elderly CML patients. This improvement is likely accounted for by 
the introduction and increased application of TKIs since 2001. Nevertheless, elderly CML patients 
continue to experience excess mortality in a contemporary era with well-established TKI management. 
Forthcoming studies should center on further reducing excess mortality in this elderly population.
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Supplemental Table 1.Supplemental Table 1.  Patient characteristicsPatient characteristics

CharacteristicsCharacteristics

Calendar periodCalendar period
TotalTotal

1989-20001989-2000 2001-20082001-2008 2009-20172009-2017

No.No. (%)(%) IRIRaa No.No. (%)(%) IRIRaa No.No. (%)(%) IRIRaa No.No. (%)(%) IRIRaa

Total No. of Total No. of 
patientspatients 700700 4.74.7 393393 3.23.2 432432 2.62.6 1 5251 525 3.73.7

SexSex

   Male   Male 393393 (56)(56) 6.46.4 187187 (48)(48) 3.83.8 222222 (51)(51) 3.13.1 802802 (53)(53) 4.64.6

   Female   Female 307307 (44)(44) 3.13.1 206206 (52)(52) 2.72.7 210210 (49)(49) 2.12.1 723723 (47)(47) 2.72.7

Age, yearsAge, years

   Median    Median 
(range)(range) 77 (70-95)77 (70-95) 78 (70-97)78 (70-97) 76 (70-93)76 (70-93) 77 (70-97)77 (70-97)

   70-74   70-74 208208 (30)(30) 3.63.6 9696 (24)(24) 2.12.1 174174 (40)(40) 2.92.9 478478 (31)(31) 3.63.6

   75-79   75-79 225225 (32)(32) 5.15.1 140140 (36)(36) 4.04.0 116116 (27)(27) 2.52.5 481481 (32)(32) 5.25.2

   80-84   80-84 150150 (21)(21) 5.75.7 9898 (25)(25) 4.14.1 9595 (22)(22) 3.03.0 343343 (22)(22) 5.85.8

   ≥85   ≥85 117117 (17)(17) 6.36.3 5959 (15)(15) 3.33.3 4747 (11)(11) 1.81.8 223223 (15)(15) 5.35.3

Previous malignancyPrevious malignancy

   No   No 623623 (89)(89) -- 323323 (82)(82) -- 326326 (75)(75) -- 1 2721 272 (83)(83) --

   Yes   Yes 7777 (11)(11) -- 7070 (18)(18) -- 106106 (25)(25) -- 253253 (17)(17) --

Abbreviation: IR, incidence rate.

aIncidence rates are presented per 100 000 person-years.

SUPPLEMENTAL TABLES AND FIGURES
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Supplemental Table 2.Supplemental Table 2.  Excess mortality ratio (EMR) during the first five years after chronic myeloid Excess mortality ratio (EMR) during the first five years after chronic myeloid 
leukemia diagnosisleukemia diagnosis

  Model without adjustment for Model without adjustment for 
therapytherapy

Model with adjustment for primary Model with adjustment for primary 
therapytherapy

CovariateCovariate EMREMRaa 95% CI95% CI PPbb EMREMRaa 95% CI95% CI PPbb

Period of diagnosisPeriod of diagnosis                     

   1989-2000   1989-2000 1.801.80 1.501.50 -- 2.162.16 <0.001<0.001 1.351.35 1.121.12 -- 1.641.64 <0.001<0.001

   2001-2008   2001-2008 11 (ref)(ref) 11 (ref)(ref)

   2009-2017   2009-2017 0.370.37 0.290.29 -- 0.500.50 <0.001<0.001 1.341.34 0.880.88 -- 2.032.03 0.1770.177

SexSex

   Male   Male 11 (ref)(ref) 11 (ref)(ref)

   Female   Female 0.800.80 0.680.68 -- 0.930.93 0.0040.004 0.820.82 0.700.70 -- 0.950.95 0.0100.010

Age at diagnosis, Age at diagnosis, 
yearsyears

   70-74   70-74 11 (ref)(ref) 11 (ref)(ref)

   75-79   75-79 1.471.47 1.201.20 -- 1.801.80 <0.001<0.001 1.401.40 1.141.14 -- 1.711.71 0.0010.001

   80-84   80-84 1.851.85 1.491.49 -- 2.312.31 <0.001<0.001 1.731.73 1.391.39 -- 2.152.15 <0.001<0.001

   ≥85   ≥85 2.782.78 2.182.18 -- 3.533.53 <0.001<0.001 2.232.23 1.731.73 -- 2.852.85 <0.001<0.001

Previous malignancyPrevious malignancy

   No   No 11 (ref)(ref) 11 (ref)(ref)

   Yes   Yes 1.121.12 0.900.90 -- 1.391.39 0.3090.309 1.231.23 0.990.99 -- 1.531.53 0.0600.060

Abbreviations: EMR, excess mortality ratio; and CI, confidence interval. 

aAll covariates are simultaneously adjusted.

bP-values are compared with the reference category.
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Supplemental Figure 1. Age-specific incidence rates of elderly patients with chronic myeloid leukemia in the Netherlands 
according to four age groups, 1989-2017. Incidence rates are presented per 100,000 person-years and shown according to 
the following sexes: (A) males and females together, (B) males alone, and (C) females alone.
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ABSTRACT 

BACKGROUND Guideline adherence is crucial in current CML care but is often suboptimal and 
associated with worse treatment outcomes. 
METHODS The current study focused on adherence to 7 guideline-based quality indicators based on 
the European Leukemia Network guideline (1 diagnostic, 1 therapeutic and 5 monitoring indicators 
representing milestones at 3, 6, 12, 24 and 36 months), established by an expert panel. Data were 
obtained from population-based registries in the Netherlands of 405 newly diagnosed adult chronic 
phase CML patients between January 2008 and April 2013.
RESULTS Compliance rates with the diagnostic and therapeutic indicator were 83% and 78%, 
respectively. Compliance with monitoring indicators rated lower: 21%-27% for indicators concerning 
the first year and 58% and 62% for the second and third year, respectively. Non-compliance occurred 
mostly due to non-timely monitoring. Twenty cases did not comply with any indicator, 6% complied 
with all indicators. After adjustment for age, overall survival rates did not differ significantly between 
the group that complied to 0, 1-4, or to ≥4 indicators.
CONCLUSION Adherence to guideline-based quality indicators was suboptimal. This demonstrates 
the difficulty of evidence-practice gap, shows room for improvement in current care and underscores 
the need for real-world data in patients often excluded from clinical trials.
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INTRODUCTION

Before the introduction of the first tyrosine kinase inhibitor (TKI) imatinib in 2001, chronic myeloid 
leukemia (CML) was an often fatal disease, with allogeneic stem cell transplantation being the only 
curative treatment available. Treatment of CML has been revolutionized by the advent of TKIs, 
enabling most CML patients' life expectancy to approximate that of the general population.1, 2 
Recommendations regarding CML care are established in various international guidelines; for 
example, the European LeukemiaNet (ELN),3, 4 and the US National Comprehensive Cancer Network 
(NCCN).5 These recommendations are based on clinical trials results, showing the excellent efficacy 
of TKIs. However, trial results may not be directly applicable to patients managed in routine clinical 
practice. Trials are characterized by a strict study protocol with precise endpoints where adherence 
is optimized and strictly monitored, follow-up schemes are highly protocolized, and more data is 
recorded than in routine clinical practice.6-9 Most importantly, due to numerous exclusion criteria, 
the study population may not represent the general CML population. Moreover, elderly patients are 
generally underrepresented in clinical trials.10, 11 Yet, nearly half of CML patients is aged 66 years and 
older and the population is growing due to the aging population.12 Besides, patients who discontinued 
the study medication due to treatment failure or intolerance are often no longer included in further 
study follow-up.
The first step towards improving care is to gain insights into the quality of actual delivered care, for 
which real-world data are required.8 Studies have shown that in real world, monitoring practices 
are not performed as rigorously as recommended in guidelines.13-16 Patients who are adequately 
monitored have a significantly lower risk of progression when compared to suboptimal monitored 
patients.15, 17, 18 Besides, TKI adherence, another crucial factor in CML management, is improved in 
patients receiving regular response monitoring.19 Optimal monitoring reduces healthcare resource 
utilization and health care costs.20, 21

Previous studies of guideline adherence have focused on the frequency of monitoring, in part 
concerning specific moments in time (for example, at 3, 6, or 12 months since the start of TKI). 
Investigating separate segments of the care process does not attain insights into the quality of the 
whole care process. Therefore, this study investigated the actual quality of care more broadly and 
tries to overcome the gap between evidence from guidelines and clinical practice using quality 
indicators (QIs). QIs have been defined as ‘measurable elements of practice performance for which 
there is evidence or consensus that they can be used to assess the quality of care’.22 Ideally, QIs are 
derived from guideline-based recommendations and supplemented by expert clinical experience.23 

We developed a QI set based upon the ELN guideline describing the CML clinical pathway of diagnosis, 
treatment, frequency and timing of monitoring, and subsequent actions. Furthermore, we assessed 
to what extent was acted upon these QIs. Next, we assessed the relationship between adherence to 
QIs and overall survival (OS). 
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METHODS

data sources and study populationdata sources and study population
All data, except for data on survival and molecular testing, were obtained from two population-
based registries on CML patients in the Netherlands (PHAROS-CML and HemoBase). Combined, 
they provide data on all new CML patients aged ≥18 years in 75 of approximately 90 hospitals in 
the Netherlands, diagnosed between January 2008 and April 2013. Only patients diagnosed in 
chronic phase (CP) CML were included. Disease phase, Charlson Comorbidity Index, and risk scores 
(Sokal and EUTOS long-term survival score (ELTS)) were recorded per standard procedure.4, 24-26 Data 
concerning vital status and causes of death were retrieved from the nationwide Netherlands Cancer 
Registry and were available up to February 1, 2016. Data regarding molecular testing were obtained 
from all 15 molecular laboratories performing BCR-ABL1 diagnostic testing in the Netherlands. The 
study was conducted in accordance with the Declaration of Helsinki.

outcome measuresoutcome measures
An expert panel of 5 professionals selected 7 QIs (process indicators) based on the recommendations 
as provided by the ELN guidelines.4 It encompassed one indicator for the process of diagnosing and 
classifying CML, one indicator for the initiation of treatment, and 5 indicators for the response 
monitoring (Table 1). During the selection process, the panel focused on indicators with crucial 
influence on CML care decisions. Indicators comprised a numerator (patients who received the care 
as recommended) and denominator (patients to whom care should be applied to). The outcome 
indicator consisted of OS in years since diagnosis. 

Table 1. Description of the indicators

Diagnosis

Indicator 1 % of patients with complete diagnostic molecular and cytogenetic workup at diagnosis

Treatment

Indicator 2 % patients receiving first-line TKI within 28 days after diagnosis.

Follow-up

Indicator 3-7 % cytogenetic* and BCR-ABL (IS) monitoring at defined milestones and in case of milestone 
failure:
- Performance of a mutation-analysis within 6 weeks
- In presence of mutation: TKI switch
- New BCR-ABL sampling within 2 months after failure

Indicator 3 At 3 months +/- 14 days

Indicator 4 At 6 months +/- 14 days

Indicator 5 At 12 months +/- 14 days

Indicator 6 At 24 months +/- 60 days

Indicator 7 At 36 months +/- 60 days
*If a complete cytogenetic response (CCyR) was already achieved (and not lost) before the specific milestone, cytogenetic 
testing was marked as accomplished. TKI: tyrosine kinase inhibitor, IS: International Scale
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Indicator 1 comprised the proportion of patients with molecular and cytogenetic testing at diagnosis, 
compared to all patients diagnosed with CML-CP. Indicator 2 comprised the proportion of patients 
with CML-CP prescribed a first-line TKI (i.e. imatinib, nilotinib, or dasatinib) within 28 days since 
diagnosis, compared to all CML-CP patients nationwide. The 5 monitoring indicators regarded the 
performance of monitoring tests at defined milestone time-points and the clinical actions when failing 
the targets according to ELN guidelines.27 In case of milestone failure, compliance was also rated 
based on mutation analysis performance, TKI switch if a mutation was present, and performance of 
a new molecular test within 2 months after initial failure (Figure 1). In case of non-compliance to one 
of these steps, subsequent steps of that particular indicator were not further analyzed. 
BCR-ABL1 transcripts values had to be reported on the international scale. Cytogenetic testing was 
marked as accomplished when a complete cytogenetic response was already achieved (and not lost) 
before the next specific milestone. The time range for mutation-analysis was established at 6 weeks 
after achieving a failed response, plus additional 10 days for the result to become available (i.e. 52 
days). For the performance of a new molecular test, the range was 2 months plus 7 days. 

Indicators 3-7 matched the optimal monitoring process at 3, 6, 12, 24 and 36 months since the start 
of first-line TKI, respectively (Table 1). A maximum deviation of 14 days outside the intended date 
was allowed for the indicators in the first year, 60 days for indicators in the second and third year. 
An indicator outcome consisted of 3 categories: adherence, non-adherence, or information missing. 
When the range of a specified follow-up indicator exceeded the duration of treatment or follow-up 

Figure 1. The four steps that comprise a follow-up indicator. At every step, cases are marked compliant of non-compliant. 
In case of non-compliance, the subsequent steps of that specific indicator cannot be further analyzed. * Cytogenetic 
testing was marked as accomplished when a complete cytogenetic response was already achieved (and not lost) before 
the next specific milestone.
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in the database, cases for that indicator were excluded. Other exclusion criteria and eligible cases 
(i.e. denominator) were identified per individual indicator. Per patient, compliance with QIs was 
assessed, which resulted in an individual pathway (e.g., complied with indicator 1,2,5 and 6, non-
compliance with indicator 3, 4 and 7). In addition, we also assessed the number of monitoring tests 
performed in the first year after starting treatment, regardless of the moment of testing within that 
year. 
We categorized the following three combinations of QIs, referred to as patterns: diagnosis and 
monitoring (indicator 1-2), the first 12 months (indicator 1-5), and all indicators. In patterns, the 
denominator comprised the number of eligible cases of the indicator with the longest follow-up 
duration. For instance, regarding all indicators, the denominator is similar to the denominator of 
indicator 7.

statistical methodsstatistical methods
Descriptive statistics were used for compliance rates to QIs. The Kaplan-Meier method with the 
log-rank test for trend was used to assess the relationship between suboptimal monitoring and 
survival. The Fine-Gray subdistribution hazard model was used in competing-risk analysis with death 
and disease progression as competing risks. A p value <0.05 was considered significant. Pearson or 
Spearman correlation was used to test collinearity among independent variables, in case of strong 
correlation (r >0.6), only the most clinically relevant variable was included. Multicollinearity was 
tested with the variance inflation factor.  Analyses were performed using SPSS version 25 (IBM, USA) 
and SAS software (SAS Institute Inc., USA).

RESULTS

The databases comprised 405 newly diagnosed patients with CP-CML between January 2008 and 
April 2013. Characteristics at diagnosis are summarized in Table 2. The majority was treated in 
a non-academic hospital (n=277; 68.4%), 55.1% (n=223) were male, and the median age was 58 
years (interquartile range 43-69). In the group that complied with ≥4 indicators, the median age at 
diagnosis was significantly lower and more patients were treated in academic hospitals and a smaller 
majority received imatinib. Compliance rates and reasons for non-compliance for each indicator are 
summarized in Table 3 and Supplemental Table 1, respectively.

indicator 1 – diagnosisindicator 1 – diagnosis
All patients in CP were included, regardless of therapy. In most cases (n=334, 82.5%), both cytogenetic 
and molecular testing was performed at diagnosis. Testing was not performed in 7.7% and 9.9% of 
the cases, respectively.
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Table 2. Patient demographics at diagnosis

Total
(n=405)

0 
Indicators

(n=30)

1-4 
Indicators

(n=317)

≥4 
Indicators

(n=58)

P-value

Sex

Male 223 (55) 11 (5) 182 (82) 30 (13) 0.079†

Female 182 (45) 19 (10) 135 (74) 28 (15)

Treatment hospital

Academic 96 (26) 3 (3) 62 (65) 31 (32) <0.001†

Non-academic 277 (74) 22 (8) 228 (82) 27 (10)

First-line treatment

Imatinib 283 14 (5) 232 (82) 37 (13) 0.017†

Nilotinib 61 6 (9) 36 (59) 19 (31)

Dasatinib 21 0 19 (90) 2 (10)

Interferon-alpha 1 0 1 (100) 0 

Other 1 0 1 (100) 0

First-line TKI (generation)

Imatinib 283 (78) 14 (5) 232 (82) 37 (13) 0.013†

2GTKI 82 (23) 6 (7) 55 (67) 21 (26)

Median (range) age at diagnosis (years)

58 (43-69) 69 (53-78) 58 (44-69) 49 (36-61) <0.001§

Sokal risk score

Low 93 (25) 6 (7) 71 (76) 16 (17) 0.821†

Intermediate 169 (46) 12 (7) 132 (78) 25 (15)

High 105 (29) 10 (10) 82 (78) 13 (12)

ELTS risk score

Low 178 (49) 11 (6) 134 (75) 33 (19) 0.191†

Intermediate 132 (36) 10 (8) 106 (80) 16 (12)

High 57 (16) 7 (12) 45 (79) 5 (9)

Charlson Comorbidity Index**

0 126 (31) 5 (4) 95 (75) 26 (21) 0.064†

1-2 134 (33) 10 (7) 104 (78) 20 (15)

3-4 89 (22) 8 (9) 73 (82) 8 (9)

≥5 56 (14) 7 (13) 45 (80) 4 (7)

* * Age adjusted. Two points for CML not included. TKI: tyrosine kinase inhibitor, 2GTKI: second-generation tyrosine 
kinase inhibitor. ELTS: EUTOS long-term survival. § Kruskall-Wallis test † Chi square test
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indicator 2 - therapyindicator 2 - therapy
Cases in which therapy data were lacking were 
excluded (n=38, 9%). More than three quarters 
(287/367) received a first-line TKI within 28 days 
after diagnosis. In 2 cases, therapy was started in 
time, though it comprised other non-TKI therapy—
i.e. interferon (n=1) and hydroxyurea (n=1). These 
cases were excluded from further analysis. In 78 
cases, therapy was started outside the established 
time range.  

Table 3. Compliance rates

Indicator n/N       (%)

1 334/405 (83)

2 287/367 (78)

3 59/218 (27)

4 47/187 (25)

5 31/149 (21)

6 53/91 (58)

7 42/68 (62)

indicators 3-7 – follow-upindicators 3-7 – follow-up
Rates of compliance with indicator 3, 4, 5, 6, and 7 were 27.1%, 25.1%, 20.8%, 58.2%, and 61.8%, 
respectively (Table 3). Compliance rates specified to molecular testing only, i.e. when cytogenetic 
testing was not taken into account, were 26.0%, 29%, 23.5%, 55.1%, and 55.0% for indicator 3-7, 
respectively.
In the case of non-compliance, failure to adhere to that particular indicator occurred mostly in the 
first step as illustrated in Figure 1; that is, due to lack of testing within the specified time range. Of all 
non-compliant cases, non-compliance occurred at the first step in 99.4%, 93.6%, 90.7%, 81.6% and 
92.3% for indicator 3, 4, 5, 6, and 7, respectively (Supplemental Table 1). 
Concerning the amount of tests performed, regardless of timing, during the first year since start 
treatment, 63% (n=210) of the patients received three or more molecular tests, whereas 8% (n=28) 
received none at all. For cytogenetic testing, these rates were 20% (n=67) and 33%  (n=111), 
respectively. On average, 3 molecular and 1.4 cytogenetic tests were performed in the first 12 
months since start treatment.
Among indicator 3-7, 31 cases were tested within the specified time range and achieved treatment 
response ‘failure’. In 25 of these cases, mutation-analysis was never performed, in only one of 
the remaining six cases, analysis occurred within the range and the result was negative, the other 
five occurred after 52 days since milestone failure. Consequently, further analysis concerning TKI 
switches and more frequent monitoring could not be performed. 

qi patternsqi patterns
Twenty cases did not comply with any indicator. At 36 months, 5.8% (4/68) complied with all seven 
indicators. The number of cases that complied with 1, 2, 3, 4, 5, or 6 indicators were 74, 165, 48, 31, 
15, and 8, respectively. The diagnosis and treatment pattern (indicator 1 and 2) was complied with 
in the majority of cases (67.9%, 248/365), whereas a minority (9.4%, 14/149) complied with the first 
year pattern (indicator 1-5). 
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survivalsurvival
The median survival follow-up of 405 CML-CP patients was 62.3 months (range 0.3-97.5). During 
follow-up, 74 patients died (18%) of whom 13 due to CML. For 365 CML-CP patients treated with 
first-line TKI, OS rates were  96% (95% CI: 94-98%), 90% (95% CI: 86-92%), and 84% (95% CI:79-
87%) after 1, 3, and 5 years since diagnosis, respectively. Taking the number of cases into account, 
grouping based on the number of compliant indicators was performed to allow for meaningful 
statistical analysis. Univariable analysis demonstrated that survival curves for groups based on the 
number of indicators complied with (none, 1 to 4, or ≥4) differed significantly (P=0.013), as shown in 
Figure 2. For the group that complied to no indicator at all, 5-year OS was 80 (95% CI:54-92%), for the 
group that complied to 1-4 indicators 82% (95% CI:76-86%) and the group that complied to four or 
more indicators 95% (95% CI:85-98%). However, in a multivariable Cox proportional hazards model 
with adjustment for sex, treatment hospital, therapy, and age at diagnosis, the effect of indicator lost 
statistical significance (Supplemental Table 2). Age at diagnosis was negatively associated with overall 
survival. No CML-related death occurred in the group that complied with 4-7 indicators, between 
the other two groups there was no significant difference (P = 0.11). No CML-related death occurred 
in the group that complied with 4-7 indicators, hence competing risk analysis comparing the three 
groups was not possible. We compared the group that complied with at least one QI versus the group 
that complied with no QI at all,  and found no significant difference (P = 0.11). When we adjusted the 
analysis for age, the difference remained non-significant (P = 0.12). Perhaps this could be explained 
by the small amount of CML-related deaths.

Figure 2. Survival curves for groups based on the amount of QIs (none, 1-4, and ≥4). QIs; quality indicators
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DISCUSSION

This study shows that adherence to guideline-based process quality indicators in real-world clinical 
practice is lacking or not as strictly timed as in clinical studies. The number of cases that showed 
compliance to all indicators, i.e. concerning diagnosis, therapy, and monitoring, was staggeringly 
low (5.8%) when stringently assessed as prescribed by ELN guidelines, and 20 cases did not even 
comply with any indicator. In contrast to low compliance rates to monitoring indicators, most 
cases complied with both diagnostic and therapeutic indicators. The reason for non-compliance to 
monitoring indicators was due to a lack of testing within the specified time range in 81.6-99.4% of 
the non-compliant cases. When adjusted for age at diagnosis, survival rates did not differ significantly 
between cases that complied with no indicator, 1-4 indicators or ≥4 indicators.Timely monitoring was 
a crucial factor in adherence to follow-up indicators. 
The lack of timely monitoring in this study illustrates the difficulty of translating recommendations 
as proposed by guidelines based on clinical studies directly into current practice. Further, it raises 
the question of whether the practical implications of the recommendations are feasible in current 
practice; that is, to plan appointments with the patient, collect blood samples, receive and act on the 
results and subsequently inform the patient, all in the specified time range. 

Reported barriers to physician guideline adherence in the US include lack of familiarity, lack of time, 
resource barriers, lack of agreement, and inconvenience.28 Furthermore, there appears to be a lack 
of interest among physicians in additional training or efforts to facilitate guideline adherence.28 

Organizational barriers could also contribute, which is suggested by the failure to monitor patients in 
a timely manner. We can only speculate on this remark, as related information was not included in 
our database. In our study, age at diagnosis in the group with the best compliance was significantly 
lower than in the other two groups, and overall, more than a third of the patients had moderate 
or severe comorbidity. One could speculate guideline deviation could have occurred deliberately 
in elderly patients, especially the ones with severe comorbidity, frailty or perhaps a limited life 
expectancy. It has already been reported that elderly patients in the Netherlands did not directly 
benefit from the advent of TKIs compared to younger CML patients, and that they experience excess 
mortality.29 Perhaps this difference pertains not only to treatment initiation, but monitoring practices 
as well. Besides, comorbidities are the main cause of death for CML patients treated with TKIs,30 and 
in occurrence of another, more prominent, condition, physicians may be inclined to deviate from 
guidelines. As elderly and comorbid patients are often excluded from clinical trials,10, 30 this challenge 
in clinical routine may not be represented in the evidence-based guidelines. Our findings emphasize 
the need for real-world data concerning this subpopulation.

Perhaps the time range specified in our study was too narrow; however, a range of 28 days seems 
reasonable when testing should be performed every 3 months. Unfortunately, time ranges in other 
studies concerning guideline adherence are rarely specified. However, the importance of monitoring 
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in a timely manner is illustrated by the change in the interpretation of treatment response if the day 
of collection of the 3-month sample was shifted by as little as 5 days.31 The decline rate in BCR-ABL1 
value is also predictive of treatment-free remission (TFR), which is becoming the ultimate goal of 
CML therapy.32 In TFR, even more stringent monitoring is necessary to signal milestone loss and 
restart therapy.33   
Other studies support the finding that patients are rarely monitored in perfect accordance with the 
guidelines. For example, in community settings in the US, molecular monitoring was performed as 
recommended in only 39% of the patients, whereas 21% received no molecular testing in the first 18 
months of treatment. For cytogenetic testing, the rates were 47% and 23%, respectively.16 In another 
US study, at 12 months since start treatment, 23% of the patients underwent cytogenetic testing and 
69% molecular testing. At 24 months, these rates were 12% and 54%, respectively.15 In Canada, non-
adherence to guideline recommendations at 12 months was reported in 20-30% of the patients.14 
Due to a variety in measurements of guideline adherence, the rates reported vary. However, when 
we disregard the exact timing of monitoring and focus on the frequency of molecular testing within 
the first 12 months since start treatment, a rough comparison can be made. Our study reports a 
higher rate of patients that received 3 or more molecular tests than the reported 27% in a study in 
the US.19 In contrast, in the UK a higher rate was reported of 86%.34  

European population-based studies concerning guideline adherence are scarce. Although monitoring 
was higher in Europe than in the US, they still confirm that recommendations on response 
monitoring have not been consistently translated in routine clinical practice.35 In the Netherlands, 
a rate of adequate molecular response monitoring in the first year of TKI treatment of 74% was 
reported, based on the same data set as used by us now.13 Adherence in this analysis was based on 
the frequency of molecular monitoring in the first 12 months, regardless of timing within this period, 
i.e., monitoring could have occurred four times within the first three months, without monitoring 
during the other months, and still be considered as compliant. Hence these adherence rates are 
higher than presented in our study. 
To close the evidence-practice gap, translation of study results into clinical practice by guidelines 
should be evaluated on the feasibility and subject to a quality improvement cycle.36 After evaluating 
their application in real-world clinical practice, guidelines should be tailored to real-world clinical 
practice and vice versa.37 Information regarding QIs is needed to develop tailored strategies to 
improve the quality of care. 

Process quality indicators provide insights into the quality of the process and patients’ clinical 
pathways over time.38 For example, they enable comparisons between centers, regions, and time 
periods, among others. By showing the weak spots in current --real-world-- care, they provide 
targets for quality improvement. To do so, more uniformity is required, in how we report, measure, 
and define guideline adherence. Likewise, standardization in quality indicators is required and a 
set of indicators should be validated in CML care. Next, their utilization should be optimized and 
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incorporated in guidelines: per indicator cut-off values should be defined, as for quality goals and as 
a threshold for further clinical actions in case of non-compliance. 
The same applies to the general outcome indicator, i.e. how we measure the effectivity of our 
guidelines. In this study, it encompassed survival. However, due to the improved survival rates, 
patients often die with their disease than because of it,30 and this outcome did not discriminate 
between the different pathways of compliance to the process indicators. Maybe the achievement of 
TFR would be a more suitable outcome. 
Limitations of our study mainly pertain to the lack of information on reasons for non-compliance. 
To develop strategies aimed at guideline adherence improvement, barriers and facilitators to 
compliance should be explored. Few studies investigated barriers;28, 39 however, they are limited 
to US practices and do not focus on barriers to monitor patients promptly. To our knowledge, 
evaluation of guidelines in clinical practice with the aid of indicator patterns, i.e. individual patients’ 
clinical pathways, is unique in CML care. The use of guideline-based QIs to investigate room for 
improvement of quality of care is well described in oncology care.40-44 

Unfortunately, we could not compare outcomes between the different care pathways a patient could 
experience because of the low compliance rates. Future research should focus on improving the 
evaluation of the subsequent steps per follow-up indicator in case of failure and the pattern of seven 
indicators combined and adjust every quality indicator to the newest guidelines.4 

In conclusion, our study with real-world data showed a lack of compliance with guideline-based 
process quality indicators. Real-world data concerning the subpopulations that are often excluded 
in clinical trials, such as elderly and patients with comorbidities, are called for as conundrums in 
clinical practice regarding these patients are not well-represented in the guidelines. The lack of 
compliance offers room for improvement of clinical care and underscores the need for guidelines 
and their implementation tailored to real-life practice. To overcome this gap, we need a dynamic 
process of quality improvement in which compliance to process indicators can be used to evaluate 
the feasibility and subsequently adjust guidelines to clinical practice.
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Supplemental Table 1. Reasons for (non-)compliance

Indicator Compliance? Reason (non-)compliance N

1 Compliance Diagnosis on both molecular and cytogenetic testing 334

Non-compliance No cytogenetic testing available at diagnosis 31

Non-compliance No molecular testing available at diagnosis 40

2 Compliance Treatment with first-line TKI within 28 days after diagnosis 287

Non-compliance Treatment with first-line TKI, not within range 78

Non-compliance Treatment other than first-line TKI 2

3 Compliance Tests within range, responses (sub)optimal 58

Compliance Tests within range, response failure, MA within range, negative 1

Non-compliance Tests not within range 158

Non-compliance Tests within range, response ‘failure’, no MA performed 1

N/A Treatment duration < 3 months 26

N/A All molecular and cytogenetic monitoring data are missing 94

N/A Molecular test performed within range, value is missing 23

N/A Cytogenetic test performed within range, value is missing 4

4 Compliance Tests within range, responses (sub)optimal 47

Non-compliance Tests not within range 131

Non-compliance Tests within range, response ‘failure’, no MA performed 8

Non-compliance Tests within range, response ‘failure’, MA performed, not within 
range

1

N/A Treatment duration < 6 months 63

N/A All molecular and cytogenetic monitoring data are missing 76

N/A Molecular test performed within range, value is missing 33

N/A Cytogenetic test performed within range, value is missing 6

5 Compliance Tests within range, responses (sub)optimal 31

Non-compliance Tests not within range 107

Non-compliance Tests within range, response ‘failure’, no MA performed 9

Non-compliance Tests within range, response ‘failure’, MA performed, not within 
range

2

N/A Treatment duration < 12 months 130

N/A All molecular and cytogenetic monitoring data are missing 58

N/A Molecular test performed within range, value is missing 23

N/A Cytogenetic test performed within range, value is missing 4

SUPPLEMENTARY INFORMATION
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Supplemental Table 1.  (continued)

6 Compliance Tests within range, responses (sub)optimal 53

Non-compliance Tests not within range 31

Non-compliance Tests within range, response ‘failure’, no MA performed 5

Non-compliance Tests within range, response ‘failure’, MA performed, not within 
range

2

N/A Treatment duration < 24 months 204

N/A All molecular and cytogenetic monitoring data are missing 33

N/A Molecular test performed within range, value is missing 34

N/A Cytogenetic test performed within range, value is missing 3

7 Compliance Tests within range, responses (sub)optimal 42

Non-compliance Tests not within range 24

Non-compliance Tests within range, response ‘failure’, no MA performed 2

N/A Treatment duration < 36 months 264

N/A All molecular and cytogenetic data are missing 17

N/A Molecular test performed within range, value is missing 2

N/A Cytogenetic test performed within range, value is missing 16

N/A: not applicable, MA: mutation-analysis, TKI: tyrosine kinase inhibitor.
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Supplemental Table 2. Cox proportional hazards model on overall survival

Number of 
patients

HR 95% CI P 
value

Sex

Male 209 Ref Ref

Female 164 0.02 0.61-1.64 0.994

Treatment hospital

Non-academic 277 Ref Ref

Academic 96 -0.38 0.36-1.29 0.238

Generation TKI

First generation 283 Ref Ref

Second-generation 82 0.44 0.73-3.31 0.249

Number of indicators complied with

None 25 Ref Ref

1-4 290 0.47 0.47-5.47 0.448

≥4 58 0.60 0.70-4.73 0.217

Age 405 0.063 1.04-1.09 <0.001

N.B. Considering the strong correlation between age adjusted comorbidity score and age at diagnosis (r=0.81), only age 
at diagnosis was used in the multivariate analysis. HR: hazard ratio, CI: confidence interval, TKI: tyrosine kinase inhibitor.
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ABSTRACT
BACKGROUND Healthcare costs are rising due to an increase in chronic diseases, including chronic 
myeloid leukemia (CML) due to improved survival. In CML care, patient adherence and physician 
adherence are key elements. 
METHODS We assessed the potential health gain and cost savings when both are improved, using 
a decision analytic model that integrated various sources of evidence. The current situation was 
compared to a theoretical situation in which either patient or physician adherence is improved, in 
terms of costs and Quality-Adjusted Life Years (QALYs). 
RESULTS Current patient adherence rate is 74%, improvement to 100% resulted in 0.1031 QALYs 
gained and a saving of €17 509 per patient over a 25-year period. Improving physician adherence 
from 72% to 100%, resulted in 0.0380 QALYs and €7 606. 
CONCLUSION Enhancement of either adherence results in substantial health gain and cost savings. 
Regarding the rising healthcare costs, new strategies should focus on improving adherence to keep 
healthcare affordable in the future. 
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INTRODUCTION

The advent of tyrosine kinase inhibitors (TKIs) has drastically improved treatment of patients with 
chronic myeloid leukemia (CML). The 10-year overall survival in newly diagnosed CML patients in 
chronic phase (CML-CP) has improved from historically less than 20% to a current 83.3% when 
treated with the first approved TKI imatinib.1, 2  As a consequence, the prevalence of CML is steadily 
rising worldwide and is estimated to reach a plateau at approximately 35 times its incidence by 2050, 
which would lead to a total of more than 180 000 patients in the US.3  The increasing prevalence will 
result in an increase in costs and healthcare utilization.
In the current CML care two elements are of major importance, with the first being  physicians’ 
adherence to the international guidelines of the National Comprehensive Cancer Network (NCCN) 
and European Leukemia Network (ELN).4, 5 Multiple studies however, have shown that guideline 
adherence in CML care is often suboptimal.6-8 
Preliminary results from a national population-based study showed inadequate monitoring in the first 
year of TKI treatment in 28% of the newly diagnosed CML-CP patients in the Netherlands, whereas 
patients who received optimal molecular monitoring had a significant higher overall survival. 9 This is 
consistent with other studies, showing that 54% of the patients were monitored less than 3 times a 
year and had a significantly higher risk of progression to advanced phase disease and death.10  
Second, adherence by patients is crucial and a daily challenge in CML management. In the literature, 
mean adherence rates ranged from 79-98% and only small percentages of patients were perfectly 
adherent whilst many were suboptimal adherent.11-13  Suboptimal adherence, defined as an intake of 
less than 90% of the TKIs, is strongly correlated with lower rates of achieving therapeutic goals such 
as complete cytogenetic response (CCyR) and major and complete molecular responses (MMR and 
CMR) in patients treated with imatinib.13-15 This is associated with a higher rate of progression.13, 16 

Main reasons described for low adherence  are side effects and forgetfulness, resulting in intentional 
and non-intentional non-adherence respectively.17-21 It is clear that better adherence by both the 
physician and the patient is associated with better outcomes. However, the actual quantitative 
impact of improving both physician and patient adherence on CML patients as well as on healthcare 
costs has not been established yet. Hence the aim of this study was to assess the potential health 
benefit and costs of (1) improving patient adherence to TKIs and (2) improving guideline adherence 
by physicians. 
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METHODS

populationpopulation
The current assessment included patients in the Netherlands diagnosed in CML-CP. This comprises 
approximately 95% of the newly diagnosed patients with CML, resulting in around 160 new patients 
per year in the Netherlands.22

model structuremodel structure
We developed a state transition model to assess the potential value of improving both patient 
adherence to TKIs and physician adherence to guidelines. A representation of the model structure 
with the different steps is presented in Figure 1. In the model, costs and effects are estimated for 
two strategies: the current situation and a situation in which either patient adherence or physician 
adherence is improved. The potential of improvement of the specific adherence is represented by 
the difference between the improved and the current situation. In both strategies patients start in 
chronic phase. Since adherence rate influences the treatment response, in the model adherence 
is related to the probability of reaching MMR. Subsequently, whether a patient achieves MMR 
determines the probability of disease progression to acceleration phase or blast crisis, which results 
in a higher mortality rate. However, the achievement of MMR can also be followed by a complete 
molecular response (CMR). When CMR is maintained for at least one year, in some of the patients 
TKI treatment could be discontinued; called treatment-free remission. For both patient adherence 
and physician adherence the same model structure was used, though with different probabilities. To 
every state a certain quality of life (utility) value and costs were assigned.

utilitiesutilities
Health-related quality of life (HQoL) was the outcome measure in this model and is expressed as 
a utility value on a scale from 0 (representing death) to 1 (representing perfect health). The use of 
utility scores allows the calculation of Quality Adjusted Life Years (QALYs).23 Utility values for patients 
in CP and in disease progression (AP en BC) are described: 0.854 and 0.595, respectively.24

costscosts
Two  types of costs were included in the model: costs of treatment and costs of hospital visits. The 
volumes of use differ in the several phases of CML. Cost prices for polymerase chain reaction (PCR), 
TKIs, stem cell transplantation (SCT), haematologist visits and hospital days are shown in Appendix 
Table 4. Since the price of generic imatinib is negotiable, sensitivity analyses were performed in 
which the price of imatinib varied. The assumptions made are described in Appendix A.
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Theore�cal situa�on Same structure as current situa�on

Pa�ents with 
CML-CP

Current situa�on

MMR+

MMR -

CMR

AP

CP
adherent

MMR+

MMR -

CP 
non-adherent

CMR

BC Death

AP BC Death

AP BC Death

AP BC Death

Figure 1. Structure of the model and its steps. CP = chronic phase,  AP = acceleration phase, BC = blast crisis. CMR = complete 
molecular response. MMR+ = major molecular response (on 18 months in model for patient adherence, and 12 months in model 
for guideline adherence). MMR- = no major molecular response (on 18 months in model for patient adherence, and 12 months 
in model for guideline adherence).

probabilities: patient adherenceprobabilities: patient adherence
 

 Adherence and outcome

Patient adherence to TKIs was defined as an intake of more than 90% of the prescribed medication. 
The probability that a patient is adherent to TKIs is 73.6%.16 Adherence influences the chance of 
reaching MMR at 18 months: the probability is 57.8% in adherent patients versus 8.7% in non-
adherent patients. This association is only reported for imatinib and no data are available for 
adherence to TKIs used in the second-line, such as dasatinib and nilotinib, in relation to treatment 
outcomes. Therefore we assumed the same difference as for imatinib in probability of reaching MMR  
between adherent and non adherent patients. 
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 Progression into acceleration phase

The probability of progression from CP to the next phase in the disease, i.e. acceleration phase (AP),  
is reported to be 0.9% in patients who have reached MMR at 18 months. When MMR at 18 months 
is not achieved, this probability increases to 9.9%.25 In case of progression, it is likely to happen in the 
first three years after the 18-month response period. Therefore, we  assumed a linear progression 
rate in these first three years.

 Progression into blast crisis

In case of progression, we assumed that patients went in AP before going into blast crisis (BC).  This 
probability is 75%,26 and we assumed an average of 12 months for progression to take place. BC 
has a high mortality: at 3 years after diagnosis of BC, 76% of the patients has died.27 The median 
survival after BC diagnosis is 9 months. For the model we assumed an average survival of one year  
(Supplemental Table 1). The other part of BC patients comprise long time survivors which were 
assumed to have a survival equal to that of the general population (Supplemental Table 2).28 
Achieving CMR

The probability that patients will reach CMR is also influenced by patients’ adherence.  Adherent 
patients have a 6-year probability of 43.8% to achieve CMR,  whereas no non-adherent patients will 
reach CMR .16.  We conservatively assumed that after 6 years the chance to achieve CMR is zero. 
The probabilities to achieve CMR per year are shown in Appendix Table 1. Patients that stay in CP, 
AP or reach CMR were assumed to have a survival which is equal to that of the general population  
(Supplemental Table 2).28

probabilities:  physician adherenceprobabilities:  physician adherence
Physician adherence was defined as adherence to the ELN guidelines.4 In these guidelines, a series of 
specific time-dependent molecular treatment response criteria are established; for the first 3 years of 
treatment they are defined as a BCR-ABL1 of  ≤10%, ≤1%, and ≤0,1% (MMR) at 3, 6,  and 12 months, 
respectively. When these response criteria are not met and patient adherence is optimal, the TKI 
received as current treatment should be substituted with an alternative TKI. In the Netherlands, a 
rate of patients receiving adequate molecular monitoring of 72% was observed.9 

 Adherence and outcome

To determine the value of improving physician adherence we compared a non-adherent situation 
versus an adherent situation. For the first and non-adherent situation we used a data from the IRIS 
trial,25 in which patients used only imatinib and could not switch to second line TKI if they failed the 
targets. In this study,  40% of the patients reached MMR at 12 months,29 which we assumed to be an 
indicator for the probability of reaching MMR in a non-adherent situation.  
 For the second and adherent situation, we used data from the TIDEL II study.30 When treatment 
outcomes were not reached, patients switched to a second line TK. At 12 months 64% reached MMR. 
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The difference in MMR could be partially due to the higher dose of imatinib (600 mg versus 400 mg in 
IRIS study) and not only to the possibility of switching TKIs. This could result in an overestimation of 
the difference in MMIR between the adherent and non-adherent situation. Therefore we performed 
a sensitivity analysis in which we used data from the TIDEL-I study for the non-adherent situation. In 
this study patients received 600 mg of imatinib and could not switch to a second line TKI in case of 
low response. MMR at 12 months was reached by 47%. However, in this study patients did get a dose 
escalation (to 800 mg) in case of low response and this could, therefore result in an underestimation 
of the effect of adherence.

 Progression

The effect of achieving MMR  on the probability of disease progression at 12 months is similar to that 
at 18 months.25 Therefore we used the same probabilities as we used for patient adherence, based 
on achievement of MMR at 18 months instead of 12 months.

 Achieving CMR

When only imatinib was used, i.e. the non-adherent situation (IRIS study), 30% of the patients 
reached CMR after 5 years.16 In the TIDEL-II study, i.e. the adherent situation, the 5-year probability 
of CMR was 50%. Hence we assumed a difference in  probability of achieving CMR of  20%  in patients 
who underwent adequate versus inadequate monitoring. For the sensitivity analysis, where 47% 
MMR  of the TIDEL-1 study as non-adherent situation was used instead of the 40% from the IRIS 
study, we also included a lower difference in the probability of achieving CMR (14% instead of 20%). 
Since the CMR rate was not shown in the TIDEL-I study, this reduction in CMR was in proportion to 
the difference in MMR between the IRIS and TIDEL-I study. 

An overview of the probabilities is shown in Supplemental Table 3. 

analysisanalysis
Using the decision analytic model, we compared the current situation with a theoretical situation 
in which either patient adherence or physician adherence was perfect (100%). Additionally, we 
calculated the value of each percentage point increase in adherence. The outcomes costs and effects 
were defined in euros and quality-adjusted life years (QALYs), respectively. They were determined 
both per patient and over a total of 160 new patients per year.  Since no costs were assigned for a 
new strategy in the theoretical situation, the differences in costs represent the room for investment 
in a new strategy. That is, the costs that could be made in order to improve adherence without 
making CML care more expensive. Future costs and effects were discounted at 4%, and 1.5% annually, 
following the Dutch guideline for economic evaluation.31  Sensitivity analyses with different prices of 
imatinib were performed for both patient adherence and physician adherence. Sensitivity analysis 
with a different percentage of patients reaching MMR (and a difference in probability of reaching 
CMR) in the non-adherent situation was performed for physician adherence. 
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RESULTS

patient adherencepatient adherence
In current clinical practice, 73.6% of the patients is adherent.16 Over a period of 25 years, in  the 
current situation patients yielded on average 13.83 QALYs and the mean costs per patient were 
€422 066. Compared to this, perfect adherence resulted in a gain of 0.1031 QALYs and a saving of 
€17 509 per patient (Table 1). Over 25 years, for each yearly cohort of patients, improving adherence 
could result in a total cost saving of approximately  €2.8 million and a gain of 16.5 QALYs maximum. 
Each percentage point increase in patient adherence resulted in 0.0039 QALYs gained and a saving 
of €666 per patient. Over 25 years, for each yearly cohort, this resulted in a total cost reduction 
of €106 560 and gain of 0.624 QALY  per percentage point improvement in adherence (Table 2). 
When the price of imatinib is reduced by 90%, in a situation with 100% patient adherence, sensitivity 
analyses showed that potential cost saving was approximately halved: € 9 037 (Table 5).

Table 1. Room for improvement in patient adherence over 25 years

Adherence QALY Costs (€)

Current situation 73.6% 13.8331* 422 066*

Full adherence 100.0% 13.9361* 404 557*

Difference 26.4% +0.1031* -17 509*

Total difference per yearly cohort of 160 patients n/a +16.496 -2 801 440
*per patient

Table 2. Gain for each percentage point increase in patient adherence over 25 years

Adherence QALY Costs (€)

Current situation 73.7% 13.8331* 422 066*

Percentage point increase in adherence 74.7% 13.8370* 421 400*

Difference 1.0% +0.0039* -666*

Total difference per yearly cohort of 160 patients n/a +0.624 -106 560
*per patient
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physician adherencephysician adherence
The current physician adherence to guidelines regarding adequate molecular monitoring in the 
Netherlands is 72%.9 The current situation yields 13.95 QALY and mean costs of €452 578 per patient 
over a period of 25 years. When comparing  the situation where adherence is 100%, 0.0380 QALYs 
were gained and €7 606 was saved per patient. Over the time period of 25 years and with a total of 
160  patients per year this would result in a potential cost saving of €1.2 million and a gain of 6.08 
QALYs (Table 3).
Each percentage point increase in adherence resulted in 0.0014 QALYs gained and a saving of €272 
per patient. The total potential cost reduction, for each yearly cohort, was €43 520 (Table 4). In the 
case of a 90% price reduction of imatinib, in a situation with 100% adherence, sensitivity analyses 
showed a potential cost saving of €607 per patient (Table 5). These results were based on the 
difference in MMR rate at 12 months between the IRIS study (as non-adherent situation, 40% MMR) 
and the TIDEL-II study (as adherent situation, 64% MMR). Sensitivity analyses were performed with 
the results of the TIDEL-I study representing the non-adherent situation (47% MMR), resulting a gain 
in QALY of 0.0223 and saving €5 323 per patient with 100% adherence. 

Table 3. Room for improvement in physician adherence over 25 years

Adherence QALY Costs (€)

Current situation 72.0% 13.9476* 452 578*

Full adherence 100.0% 13.9856* 444 972*

Difference 28.0% +0.0380* -7 606*

Total difference per yearly cohort of 160 patients n/a +6.08 -1 217 120
*per patient

Table 4. Gain for each percentage point increase in physician adherence over 25 years

Adherence QALY Costs (€)

Current situation 72.0%** 13.9476* 452 578*

Percentage point increase in adherence 73.0%** 13.9490* 452 307*

Difference 1.0% +0.0014* -272*

Total difference per yearly cohort of 160 patients n/a +0.22 -43 520
*per patient ** Gain is the same for each percentage point increase
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DISCUSSION

For patient adherence, the total room for improvement in costs is approximately €2.8 million for 
each yearly cohort of 160 patients over a time period of 25 years with a potential gain of 16.496 
QALYs. For guideline adherence, the potential improvement in costs was €1.2 million with a potential 
gain of 6.08 QALYs. Given the reported adherence rates in international studies of patients to TKIs, 
with only 20-53% of the patients fully (i.e. 100%) adherent and most patients being suboptimal 
adherent,11 current therapy may not be used to its full potential. With the estimated gain in costs 
and QALYs per percentage point increase in adherence, one could argue that exploring strategies to 
improve adherence to current therapies and thereby enhancing their potentials should be of main 
focus. 
In the model, several assumptions had to be made. First, the difference between adherent and non-
adherent patients  in treatment response has only been studied in patients using imatinib.16  This 
difference in response between adherent and non-adherent patients could be different for second  
generation TKIs. It is difficult to predict whether this could have resulted in an overestimation or 
underestimation of the potential value of increasing adherence. Secondly, since physician adherence 
has never been directly compared to physician non-adherence there are no other data available than 
of indirect comparisons. Therefore we compared data of the IRIS trial with data of TIDEL-II trial. 32,30 
In this indirect comparison other factors such as variety in population could play a role and may have 
resulted in an under- or overestimation of the potential value of improving physician adherence. 
The higher dose of imatinib used in the TIDEL-II trial  may have resulted in an overestimation of 
the potential value. Hence we performed sensitivity analyses with results of the TIDEL-I study 
instead of the IRIS trial, resulting in a lower potential value of improving physician adherence and 
a potential underestimation. Additionally, at time of developing the model preliminary results 

Table 5. Sensitivity analysis

Price of imatinib (price per year)
Potential cost savings per 

patient with full patient 

adherence (€) 

Potential cost savings per 

patient with full physician 

adherence (€) 

2015 price imatinib (€32 075) -17 509 -7 606

25% lower price imatinib (€24 056) -15 156 -5 662

50% lower price imatinib (€16 038) -12 802 -3 718

75% lower price imatinib (€8 019) -10 449 -1 774

90% lower price imatinib (€3 208) -9 037 -607

99% lower price imatinib (€321) -8 189 +93
 The results presented in the Table are over the time period of 25 years. 
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showed a rate of suboptimal monitoring 2% higher than the final published study,22 which could 
lead to an overestimation of the potential.  Third, we assumed the possibility of discontinuing TKIs in 
patients in CMR. Yet, currently  a more often used indicator is  the deep molecular response (DMR). 
However, there are no data available on the influence of physician and patient adherence on the 
probability of achieving DMR. DMR is a less strict definition compared to CMR, therefore patients 
are more likely to achieve DMR than CMR resulting in a possible underestimation of the potential. 
Last, although side effects are often reported by patients as a reason for non-adherence in general, 
there are no data available on the direct influence of side effects of TKIs on the utility (i.e. QALY) 
of patients. Therefore the model does not cover the negative influence of possible side effects on 
QALYs. By increasing TKI adherence patients could experience more side effects and have a decrease 
in QALY gain. Nevertheless, the decrease in  side effects when TKI therapy can be discontinued has 
not been included in the model either. Since TKI adherence is crucial in achieving treatment goals 
and subsequently eligibility for treatment discontinuation, the actual health benefits of improving 
adherence could be higher.  
A possible solution may come from eHealth technology. With forgetfulness being the main reason of 
unintentional non-adherence, investments in eHealth interventions that e.g. remind patients to take 
their medication, could provide a straightforward solution. 
Since side effects are the main cause of intentional non-adherence, adequate management on 
reported adverse events is a necessity. Strategies to educate patients on their treatment and possible 
adverse events and help them manage these using, for instance, eHealth technologies would be 
worth exploring. By using the assessments as performed in this study one can determine the room 
for investment by computing the costs savings that come with improved adherence. The number of 
QALYs gained per patient may not seem that high, however this was calculated for our whole annual 
cohort of CML patients, whereas only the non-adherent patients will benefit in QALYs. 
Improving physician adherence  can save costs and gain QALYs as well.  Reported reasons of non-
adherence include lack of familiarity, medical resource barriers in implementation as well as high 
costs of TKI medication and other patient resources.33  Here too technology can help to improve 
physician adherence by providing educational programs to improve familiarity and facilitate 
implementation of guidelines in daily practice.33 As for patient resources as barrier, the high costs of 
TKIs will not decrease by developing new ones but by using the ones with generic variants available. 
Nevertheless, in the same study that explored the reasons of non-adherence to CML guidelines by 
surveying hematologist-oncologists, additional trainings or efforts to facilitate guideline adherence 
were not considered important by physicians.  This calls for a culture change in CML management by 
healthcare professionals. 
At time of writing, generic imatinib just became available at a lower price than Gleevec® [Novartis, 
Basel, Switzerland]. Sensitivity analyses were performed with price reductions up to 90% for generic 
imatinib and still costs were saved by improving either patient or physician adherence. Except in 
case of a 99% reduction, when full physician adherence costs money  (€93 per patient) because 
of an increase in TKI switches and therefore use of next line TKIs. Developments in  therapies will 
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produce new and patented medication. Which, despite a possible earlier achievement of treatment 
goals, should demonstrate an advantage in survival rate in order to be prescribed instead of the 
cheaper generic alternative. This might be quite the challenge since the most recent update of the 
CML-IV study reported a 10-year relative survival probability of 92% and a 10 year CML-mortality of 
6% in patients receiving first-line imatinib.34 With the survival rates of CML-CP patients approaching 
the survival rates of the general population the question is raised how many patients one needs to 
treat in order to attain an advantage in survival over the current TKIs. Besides, even when current 
TKI therapy is not molecularly monitored at all and subsequently no adjustments are made in 
case of failure, 3-year progression free survival was 83%.10 The current study did not make a direct 
comparison between the costs savings and QALY gain between improved adherence, either patients’ 
or physicians’, and new generation TKIs though. In future research, newer generation TKIs should 
be evaluated through this model as soon as data on probabilities are known. It should include the 
sensitivity analyses for price reductions through generic alternatives  as performed in the current 
study, combined with the probabilities of sustained molecular remission and discontinuation of TKI 
treatment.  Furthermore the scope of the model could be broadened, including the probabilities of 
adverse events of newer generation TKIs, which may be more serious than with current therapies.
With the increasing prevalence of CML and other chronic diseases, healthcare costs and utilization 
in general are rapidly rising. In this light, the importance of assessments as performed in this study 
is emphasized in order to determine whether investments in improving adherence seem worthwhile 
and whether they could be cost-effective. Furthermore, improving adherence, both patients’ and 
physicians’, shows great potential in health-care cost reduction and gained QALYs. Further research 
on development of interventions improving adherence should be conducted. The results of this 
study in combination with the current literature demonstrate the gaps in the current care that need 
to be addressed in order to be able to keep providing the best care possible in the near future. 
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SUPPLEMENTAL INFORMATION 

appendix a: utilities and costs 
utilitiesutilities
In CMR there is a probability that medication can be discontinued and patients do not suffer from 
side effects anymore. However, no information was available about the influence of discontinuation 
of medication on utility values.   

costscosts
Around two thirds of patients use imatinib and one third uses second line TKI.1 Therefore, 
we used a weighed price for a TKI.  For the group of patients that did not receive proper 
monitoring (no guideline adherence) we assumed that they did not have the opportunity 
to switch to second line TKIs in the first year. Approximately 25% of the SCTs are from a 
related donor whereas the other 75% are from a non-related donor.2 The price of a SCT was a 
weighted average of the costs of SCT from a related donor and a SCT from a non-related donor.  
Volumes of the different treatments in the several phases of CML are shown in Appendix Table 5. 
In CMR 43% of patients is able to discontinue their TKIs after 1 year without losing CMR. The other 
57% must continue TKIs to remain in CMR.3,4 72% of BC survivors are SCT recipients, for which we 
assumed no further use of TKIs.5 The number of laboratory tests like PCR tests was assumed to be 
equally distributed between the CML phases and was therefore not included. However, we assumed 
that patients with proper monitoring (guideline adherence) received two more PCR tests on average 
when compared to patients without proper monitoring.  
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Supplemental  Table 1. Probabilities for Patient adherence to TKIsSupplemental  Table 1. Probabilities for Patient adherence to TKIs

ParameterParameter ValueValue SourceSource

Patient adherence (>90%)Patient adherence (>90%)  

Patient non-adherence (≤90%)Patient non-adherence (≤90%)

73.6% 73.6% 

26.4%26.4%

Marin et al.Marin et al.66

Marin et al.Marin et al.66

MMR on 18 months with adherenceMMR on 18 months with adherence 57.8%57.8% Marin et al.Marin et al.66

MMR on 18 months non-adherenceMMR on 18 months non-adherence 8.7%8.7% Marin et al.Marin et al.66

Progression to AP with MMR (probability per year for the first 3 Progression to AP with MMR (probability per year for the first 3 

years)years)

0.0030.003 Hughes et al.Hughes et al.77

Progression to AP without MMR (probability per year for the first Progression to AP without MMR (probability per year for the first 

3 years)3 years)

0.0340.034 Hughes et al.Hughes et al.77

Probability of going from AP in BC (mean time in AP 1 year)Probability of going from AP in BC (mean time in AP 1 year) 75%75% HehlmannHehlmann55

Probability of dying from CML in BC (mean time in BC 1 year)Probability of dying from CML in BC (mean time in BC 1 year) 76%76% HehlmannHehlmann55  

Probability of CMR with adherence Probability of CMR with adherence 

Year 1 Year 1 

Year 2 Year 2 

Year 3Year 3

Year 4Year 4

Year 5Year 5

Probability of CMR with non-adherenceProbability of CMR with non-adherence

5% 5% 

5% 5% 

6% 6% 

13% 13% 

24% 24% 

0%0%

Marin et al.Marin et al.66

Marin et al.Marin et al.66

Supplemental Table 2. General mortalitySupplemental Table 2. General mortality

ParameterParameter ValueValue SourceSource

Year 1- 4Year 1- 4 0.73%0.73% CBSCBS88

Year 5-9Year 5-9

Year 10-14 Year 10-14 

Year 15-19Year 15-19

Year 20-25 Year 20-25 

Year 25Year 25

1.1% 1.1% 

1.8% 1.8% 

3.0% 3.0% 

5.7% 5.7% 

10.0%10.0%

CBSCBS88  

CBSCBS88  

CBSCBS88  

CBSCBS88  

CBSCBS88

  General mortality for CP, CMR, AP and BC survivors
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Supplemental  Table 3. Probabilities Physicians adherence to guidelinesSupplemental  Table 3. Probabilities Physicians adherence to guidelines
ParameterParameter ValueValue SourceSource

Guideline adherence Guideline adherence 

Guideline non-adherence Guideline non-adherence 

72%72%

28%28%

Geelen et al.Geelen et al.99  

Geelen et al.Geelen et al.99  

MMR on 12 months with adherenceMMR on 12 months with adherence 40%40% Hughes et al.Hughes et al.1010

MMR on 12 months non-adherenceMMR on 12 months non-adherence 64%64% Yeung et al.Yeung et al.1111

Progression to AP with MMR (probability per year for the Progression to AP with MMR (probability per year for the 

first 3 years)first 3 years)

0.0030.003 Hughes et al.Hughes et al.77

Progression to AP without MMR (probability per year for Progression to AP without MMR (probability per year for 

the first 3 years)the first 3 years)

0.0340.034 Hughes et al.Hughes et al.77

Probability of going from AP in BC (mean time in AP 1 year)Probability of going from AP in BC (mean time in AP 1 year) 75%75% Rochau et al.Rochau et al.1212

Probability of dying from CML in BC (mean time in BC 1 Probability of dying from CML in BC (mean time in BC 1 

year)year)

76%76% Hehlmann.Hehlmann.55

Probability of CMR with adherence* (difference with Probability of CMR with adherence* (difference with 

non-adherence) non-adherence) 

Year 1 Year 1 

Year 2 Year 2 

Year 3Year 3

Year 4Year 4

Year 5Year 5

4.4% 4.4% 

4.4% 4.4% 

4.4% 4.4% 

4.4% 4.4% 

4.4%4.4%

Yeung et al.Yeung et al.1111

Marin et al.Marin et al.66  

  

 *We assumed a linear rate for achieving CMR over 5 years and assumed that the change of reaching CMR after 5 years        
was zero.  
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Supplemental Table 4. Cost pricesSupplemental Table 4. Cost prices
ParameterParameter Value (€)Value (€) SourceSource

Imatinib per year (66.7% of patients) Imatinib per year (66.7% of patients) 

Dasatinib per year (16.65% of patients) Dasatinib per year (16.65% of patients) 

Nilotinib per year (16.65% of patients)Nilotinib per year (16.65% of patients)

32 07532 075

49 63949 639

41 84141 841

Pharmacotherapeutic CompassPharmacotherapeutic Compass1313  

Pharmacotherapeutic CompassPharmacotherapeutic Compass1313  

Pharmacotherapeutic CompassPharmacotherapeutic Compass1313

Weighted costs of TKIWeighted costs of TKI  36 624 36 624

Stem cell transplant related donor (25%) Stem cell transplant related donor (25%) 

Stem cell transplant non related donor (75)Stem cell transplant non related donor (75)

Weighted costs of Stem cell transplant Weighted costs of Stem cell transplant 

78 28678 286

150 964150 964

132 794132 794

NZA tariff applicationNZA tariff application1414

NZA tariff applicationNZA tariff application1414

NZA tariff applicationNZA tariff application1414

Chemotherapy Chemotherapy 23 00023 000 Radboudumc cost priceRadboudumc cost price

PCRPCR 407407 Radboudumc cost priceRadboudumc cost price

Out-patient visitOut-patient visit 8080 Guideline cost calculationGuideline cost calculation1515

Hospital admission (per day)Hospital admission (per day) 508508 Guideline cost calculationGuideline cost calculation1515
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Supplemental Table 5. VolumesSupplemental Table 5. Volumes

ParameterParameter Value (per year) Value (per year) SourceSource

Chronic PhaseChronic Phase  

TKITKI 11 Expert opinionExpert opinion

SCTSCT 00 Expert opinionExpert opinion

Hematologist visitHematologist visit 44 Ghatnekar et al.Ghatnekar et al.1616

Hospital visitHospital visit

CMRCMR  

TKI TKI 

SCTSCT

Hematologist visit Hematologist visit 

Hospital daysHospital days

00

0.570.57

00

44

00

Ghatnekar et al.Ghatnekar et al.1616

Ross et al. Ross et al. 33

Expert opinionExpert opinion

Ghatnekar et al.Ghatnekar et al.1616

Ghatnekar et al.Ghatnekar et al.1616

First year of progression (AP)First year of progression (AP)

TKITKI

SCTSCT

Hematologist visit Hematologist visit 

Hospital days (not SCT)Hospital days (not SCT)

APAP

TKITKI

SCTSCT

Hematologist visit Hematologist visit 

hospital dayshospital days

BC (survivors)BC (survivors)

TKITKI

SCTSCT

Hematologist visit Hematologist visit 

Hospital daysHospital days

11

0.70.7

2424

2424

11

00

2424

2424

0.280.28

00

2424

7070

Expert opinionExpert opinion

Expert opinionExpert opinion

Ghatnekar et al. Ghatnekar et al. 16 16 

Ghatnekar et al. Ghatnekar et al. 16 16 

Expert opinionExpert opinion

Expert opinionExpert opinion

Ghatnekar et al.Ghatnekar et al.1616

Ghatnekar et al.Ghatnekar et al.1616

HehlmannHehlmann55

Expert opinionExpert opinion

Ghatnekar et al. Ghatnekar et al. 16 16 

Ghatnekar et al. Ghatnekar et al. 16 16 
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ABSTRACT

PURPOSE OF REVIEW This review describes the gaps in cancer patient information and 
comprehension and provides examples of interventions aimed at filling the gaps.
RECENT FINDINGS Despite the technologically advanced era, unmet information needs remain 
a challenge in current cancer care, even though the beneficial effects of adequate information 
provision are well described.It starts with the basics of patient–physician communication and 
information exchange. Barriers are described both patient and physician-specific. For patients to 
comprehend and recall information correctly, information provision should be tailored to the specific 
patient in content, as well as in readability level. Tailored content based on bidirectional and iterative 
information exchange (i.e., patients reported outcomes, followed by specific/personalized feedback) 
is of focus in the current development of interventions aimed at meeting the gaps. However, the 
effects of such interventions are not overwhelming and the explanation could be multifactorial.
SUMMARY Unmet informational needs are still a gap in current cancer care. The effect of eHealth 
interventions is not yet well established. Key is to educate patients and (future) healthcare 
professionals in eHealth. Future research should focus on identifying what kind of interventions are 
able to fill the gaps.
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INTRODUCTION

Information seeking is common in cancer patients, and the percentage of survivors seeking 
information is increasing in recent years.1, 2 Technology is rapidly evolving and can expand manners in 
which information can be provided and be found by patients. In this review we will describe the gaps 
in patient information provision and comprehension, and give examples of developed interventions 
aimed at filling these gaps. We will focus primarily on information provision and comprehension of 
adult cancer patients and not their caregivers nor family. Information regarding prevention of cancer, 
cancer screening and cancer survivorship will be beyond the scope of this review, as well as studies 
focused primarily on information on lifestyle behaviors, nutrition and exercise. 

effects of (un)met information needseffects of (un)met information needs
Sufficient information provision and comprehension is paramount in cancer care. It is well known 
that meeting information needs of cancer patients has its advantages. Patients who received correct 
information at the right time reported less anxiety and fear about cancer and treatment/as well 
as improvements in quality of life, therapy adherence, psychological well-being, satisfaction and 
engagement in decision making, daily functioning and pain management.3-7 Whereas unmet needs 
are associated with lower satisfaction with care, worse illness perception.8-11 A feeling of being in 
control of their disease and a better understanding could be established by provision of more disease-
specific information.9 The main key to gain control on living with the disease is by understanding the 
cure and care process. 

information frameworkinformation framework
Information exchange between patient and physician is a bidirectional and iterative process, and 
can be depicted as in Figure 1, adjusted from the basic model of communication by Shannon and 
Weaver.12 The sender, in this example the physician, has an idea on diagnostics/treatment/other, 
which he needs to encode into a message: the information provision. Next, the message is decoded 
by the receiver, the patient, who has to listen and interpret the message to comprehend. The 
receiver can react or provide feedback in the same way back to the sender. This iterative process 
can be disturbed by noise, e.g. barriers. Both patient and physician factors as well as independent 
barriers are described, such as: patients’ sociodemographic level, language barriers and education, 
medical terminology, cultural or ethnic differences, physician’s available time, age and health literacy 
level.13, 14 Needless to mention that stress and strong emotions occur during cancer care which 
interfere with patient comprehension and recall.15 Recall of information among cancer patients is 
often suboptimal.15-17 Known strategies to enhance recall and comprehension include presenting 
information variable manners such as written, face-to-face, or video information, and using concrete 
terms.18 Furthermore, information should be tailored to the unique circumstances and preferences of 
individual patients.19 Health literacy is defined by the World Health Organization as a representation 
of the cognitive and social skills which determine the motivation and ability of individuals to gain 
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access to, understand and use information in ways which promote and maintain good health.20 
Recognition of barriers is a necessity, as the potential benefits of information provision will be lost if 
not well understood by patients. Notably, almost one-third of physicians assessed incorrectly whether 
patients had problems understanding health information and were more likely to overestimate their  
s ability to comprehend health information.13 

Receiver

Sender

• Pa�ent specific

• Physician specific

• Other

Message
Health Information

Message
Reaction/feedback

Noise
Barriers

Receiver

Sender

Encoding

Encoding

Decoding

Decoding

Figure 1. Patient Physician Communication Model.

unmet informational needsunmet informational needs
Despite the current technological advanced modern era, information provision is still a challenge. For 
example, 63.7% of chronic care patients in the US seek additional health information.21 For cancer 
patients, comparable and even higher rates are reported.22-24 The most frequent information needs 
identified concern side effects and treatment. More than a third of all unique information needs 
mentioned in the analyzed literature was related to treatment.25

A recent German multicenter prospective study reported that, although the majority of cancer 
patients felt well-informed, a substantial amount of patients wished for more information.26 For 
example, 88.9% reported to be very much or quite informed on diagnosis/disease. Yet, still 39.6% 
reported unmet needs regarding this topic. For change of cure/recovery, course of disease, treatments 
and risk/side effects the proportion of patients reporting to feel informed versus the proportion who 
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reported unmet needs were 75.9% and 50.8%, 72.4% versus 48.7, 68.6% versus 51.6%, and 74.4% 
versus 44.6%, respectively. On psychological support, only 56% reported to be quite to very much 
informed. Nevertheless, just 32.9% reported unmet information needs on this topic. 
Regarding information needs throughout the cancer journey, some studies reported highest needs 
during diagnostic and treatment phase.5,26 Others found a fair consistency in information seeking 
regardless of time since diagnosis,1,27,28 also domains in which information is needed may change 
depending on time since diagnosis.2,29

cancer-specific informational needscancer-specific informational needs
Information needs may differ with different cancer types. For example, bladder cancer patients 
reported in addition to general information about cancer, treatment and side effects the following 
needs: which symptoms to monitor and report, further medical tests necessary after treatment, 
how often to visit the doctor, drug coverage options, expected pace of recovery and how to manage 
changes to memory and attention.30 Patients with prostate cancer often seek online information 
about sexual side effects of cancer or treatment as the preferred source.31 Colorectal cancer patients 
reported needs on issues such as; what to expect in the future, nutrition, heredity of cancer, 
recommended physical activity, and how to improve their symptoms.32 Compared with breast cancer, 
gynecological cancer patients were in general less satisfied with the information received.27 They felt 
significantly less informed about chance of cure/recovery, course of disease, treatments, and risk of 
side effects, and wished for more additional information on psychological support.
A Japanese study identified top 10 informational needs for eight tumor sites: gastric, colorectal, 
esophageal, lung, pancreatic, breast, cervical and prostate cancer.33 Common information needs 
were: symptoms, disease stages, treatment, chance of cure, recovery, metastasis and recurrence. 
The other informational needs, however, differed per tumor site. More specific needs were pain( 
pancreatic cancer), diet( gastric and esophageal cancer), side effects( breast cancer), hormonal 
therapy( prostate cancer) and unusual feces( colorectal cancer). Although there are generic topics of 
information desired by patients with different cancers, information tailored to the specific cancer is 
a necessity as well. 

internet useinternet use
The internet has proven to be the second-most trusted cancer information medium.23,34,35 For USA 
citizens, the internet even appeared to be the most frequently used source of health information, 
with the healthcare professional (HCP) being the second most frequent source.1 Rates of internet 
use by cancer patients are ranging from 60% to 80.8% and appear to be increasing over time.1, 36-38A 
systematic review described that most studies showed a positive effect on emotions, health-related 
behavior and disease related knowledge, yet some found no significant difference between internet 
use and standard care resources( e.g. offline information).39 Even so, patients reported high levels 
of satisfaction with online educational interventions. When internet use would be professionally 
guided, it is expected to achieve greater positive effects on health and promising results are 
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observed regarding quality of life, emotional distress, empowerment, self-efficacy, and perception 
of social support. To realize these positive effects, HCPs should be encouraged to engage with online 
interventions, as one of the main barriers reported on the use of internet is a lack of communication 
regarding online information between patients and HCPs.40 

There are some downsides to online information. A study evaluating the readability of patient 
education materials in mobile apps regarding five prevalent cancers demonstrated that 44.6% of 
the articles analyzed required at least a high school diploma for full comprehension.41 Only 4.8% 
of the articles were found to be below an eight grade reading level. Even the readability of the 
patient guidelines of The National Comprehensive Cancer Network does not equal the level of 
the general population.42 Another important downside is the reliability and accuracy of online 
information. It is reported that in 15-30% of internet users, the unreliability of information increases 
the chance of a negative emotional impact, especially among older patients.39 In a German study, 
42% of cancer patients had a low eHealth literacy, meaning that the average patient is not skilled 
enough in searching health-related information online.43 Inaccurate online health-information can 
have problematic consequences as approximately half of the patients with cancer trust that cancer-
specific information.44 Remarkably, nearly half of the cancer focused smartphone apps available in 
2018 were developed by private companies/individuals and only 15.2% by healthcare organizations 
or academic institutions.45 Ideally, healthcare institutions or HCPs should be involved in developing 
trustworthy online information sources or at least they should refer to existing accurate trustful 
resources. 

mobile health interventions mobile health interventions 
A systematic review describing the use of mobile health interventions designed to meet the unmet 
information needs of cancer patients including 20 studies reported that most interventions primarily 
aimed to improve monitoring and management of patients’ treatment related symptoms, which 
included provision of self-care information and interactive information exchange with HCPs.46 Many 
patients thought the interventions would be useful in monitoring their symptoms, in particular the 
self-care advice. Furthermore, a better understanding of their disease and increased confidence 
in self-management was reported. Unfortunately, the authors report they found no interventions 
targeting patients’ full range of information needs. 
To fully understand the range of information needs of patients and anticipate on that, patients should 
be involved in the development of interventions focused on meeting their needs. Subsequently, a 
quality interview study was performed, exploring the information needs and preferences regarding 
apps to meet these needs.47 In total, 23 interviews with a varied sample of patients were conducted. 
Most participants wanted informational features that would help them in self-management of 
their condition. For example, information provision on treatment-related symptoms, cancer 
support services, lifestyle changes, survival and recurrence rates, alternative therapies, finances, 
psychological support and logistical issues. Exchanging information with other cancer patients 
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was considered extremely useful by adding a social feature or reference to existing forums/social 
media. Furthermore a log feature for treatment-related symptoms was considered useful. It was 
anticipated that app use could help improve understanding of their condition and understanding 
of the provided information in consultations. Moreover, it could enhance patients’ confidence in 
taking lead in their care process. The only potential disadvantages mentioned was distraction from 
the conversation with the clinician by actively using an app during consultation, and possible anxiety 
when one would misinterpret information or be misinformed. This underscores the importance of 
HCP involvement. Not only in their role as sender in the information exchange model, but also as a 
receiver of information (e.g. outcomes and feedback) sent by patients. The reported positive effect 
of patient-patient information provision and the online peer support is well described,48, 49 though 
beyond the scope of this review. 

Since January 2017, more studies regarding mobile interventions are published. For instance, 
a Chinese multicenter randomized controlled trial (RCT) among 114 women with breast cancer 
investigating the effect of an app-based support program.50, 51 It comprises the following four 
elements: a learning forum, a discussion forum, an Ask-the-Expert forum, and a Personal Stories 
forum. The program, moderated by an HCP, was provided alongside standard care during 12 weeks 
of chemotherapy. At three months, patients who received e-support in addition to usual care had 
significantly better self-efficacy, symptom interference and quality of life. However, at six months, 
the beneficial effects were not sustained. A possible explanation might be the 12-week availability of 
the intervention, while treatment-related effect could last longer than 12 weeks.

Another online web-based personalized information and support system is a Dutch one developed 
for patients with neuroendocrine tumors.52 It encompasses elements of self-screening for problems 
and care needs, tailored support in self-help, patient education, and communication with a HCP. 
Patients could screen themselves filling out validated questionnaires on distress and problems, 
immediately after they received automated personalized feedback with background information, 
advice on how to cope and which HCP could be consulted if necessary. Overall information about the 
disease, treatments and side effects were provided as well. But tested in a RCT among 102 patients 
during a 12-week study period, no difference was found in level of distress, perceived information 
and satisfaction with information between the intervention and control group. Possible explanations 
are that patients obtain sufficient information by usual care, as patients had easy access to HCPs and 
they could get information from the patient association. 

Oncokompas is a Dutch online intervention providing feedback and information aimed at supporting 
cancer survivors in self-management.53 Patients can report quality of life targeted patient-reported 
outcomes (PROs), subsequently they receive tailored information on the outcomes and self-care 
advice. The results of a RCT were recently published,54 wherein 625 patients with various cancers 
participated. Unfortunately, no significant effect of Oncokompas could be established on patients’ 
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knowledge, skills and patient activation. Nor on supportive care needs, self-efficacy, personal control, 
perceived efficacy in the patient-physician interaction or mental adjustment to cancer, although, 
health related quality of life and tumor specific symptom burden were improved. Notably, an earlier 
pilot study showed an increase in patient activation after Oncokompas use.53 Possible explanations 
focused on design and length of the study. Furthermore, 57% of the patients in the RCT were more 
than two years after cancer diagnosis and could have acquired adequate knowledge and skills in 
self-managing.

Maybe interventions should target patients’ needs by multiple features combined, comparable to the 
proposed features in the interview study of Richards.47 A promising example of such a multi-feature 
intervention, is a Dutch web-based comprehensive platform for chronic myeloid leukemia patients.55 
Patients and HCPs were involved in its development. The aim is to inform patients on their disease 
and related issues, educate them and thereby providing them the tools to take the lead in their own 
care process. A patient guideline app with a connection to their own lab results is provided, including 
tailored feedback. The same applies to the log function of symptoms. Additionally, a website provides 
trustworthy information on disease, treatments and related symptoms as well as managing finances, 
psychological support, sports, work, social life, sexuality and fertility. An online patient and caregiver 
forum are also supplied. Currently, evaluation studies are running.
 All four mobile health interventions highlight both the iterative and the bidirectional element of the 
information process. By providing trustworthy information, tailored to the patient and accessible 
at any moment, the possible barriers in patient comprehension can be decreased. The other way 
around, patients can react or send information, i.e. with log functions and PROs, to their physician, 
who in turn can send back – whether digital or face to face- tailored feedback to a patient’s situation 
to increase self-management. 

conclusive remarks

Adequate information provision is associated with improved outcomes such as quality of life, 
adherence, psychological well-being and decision making, whereas inadequate provision is associated 
with negative outcomes. Though studies show in general high rates of information satisfaction, unmet 
information needs are still reported. Recall problems and other barriers in information exchange 
could contribute to those needs. Repeating the dynamic process of information provision is key in 
order to increase recall and address the dynamic information needs over time since diagnosis. 
Unfortunately, in the aforementioned studies, it is not well described how the barriers in information 
exchange are targeted. Some have investigated comprehension based on readability of the 
information provided and the results were quite disappointing. This may be one of the easier to 
overcome barriers in information exchange by adjustment of the readability levels to the individual 
patient. Time available of the HCP and/or patient may be targeted by providing information in a smart 
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manner, accessible at any time and place. Studies on interventions focused on the information needs 
in minorities (based on ethnicity, socioeconomic status and/or age) are scarce. Tailored information 
and feedback are of increased focus in newer, multi-targeted, interventions. In qualitative studies 
patients report a perceived added value of these intervention, yet this is not established in trials. 
Unfortunately, we do not fully understand why. Is the targeted problem different than we think? As 
patients report to be satisfied, yet unmet needs are reported as well.  Is the intervention itself not 
effective? And what about the measurement and definition of study endpoints? Of course, adequate 
information provision is a necessity in cancer care. However, it may be only a small component of 
endpoints measured in trials, such as quality of life or self-efficacy. Another possible explanation may 
be the education of patients in eHealth or the education and involvement of HCPs in this matter. For 
instance, eHealth is just starting to get some attention in the medical curriculum. Technology can 
provide us with lots of opportunities in tailoring information provision, however, it is not without 
challenges as well. Further research is needed to identify what kind of interventions are capable of 
filling the gaps in information provision.  

KEY POINTS

 » Patient–physician information exchange is a bidirectional and dynamic process, which 
should be continuously repeated to decrease barriers and improve patient comprehension.

 » In this contemporary era, unmet information needs are still a gap in current cancer care.

 » Multifeatured interventions are being developed to fill the gap, though their effect is not 
yet well established.

 » The explanation for a lack of effect of these is not well understood, future research should 
focus on identifying what kind of interventions are able to fill the gaps.

 » Patients and (future) HCPs should both be educated in eHealth.
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ABSTRACT 

BACKGROUND With the global rise in chronic health conditions, healthcare is transforming, and 
patient empowerment is being emphasized to improve treatment outcomes and reduce healthcare 
costs. Patient-centered innovations are needed. We focused on patients with chronic myeloid 
leukemia (CML), a chronic disease with a generally good long-term prognosis because of the advent 
of tyrosine kinase inhibitors. However, both medication adherence by patients and guideline 
adherence by physicians are suboptimal, unnecessarily jeopardizing treatment outcomes.
OBJECTIVE The aim of this study was to develop a patient-centered innovation for patients with 
CML using a design thinking methodology.
METHODS The 5 phases of design thinking (i.e., empathize, define, ideate, prototype, and test) were 
completed, and each phase started with the patient. Stakeholders and end users were identified and 
interviewed, and observations in the care system were made. Using tools in human-centered design, 
problems were defined and various prototypes of solutions were generated. These were evaluated 
by patients and stakeholders and then further refined.
RESULTS The patients desired (1) insights into their own disease; (2) insights into the symptoms 
experienced, both in terms of knowledge and comprehension; and (3) improvements in the 
organization of care delivery. A web-based platform, CMyLife, was developed and pilot-tested. It 
has multiple features, all targeting parts of the bigger solution, including a website with reliable 
information and a forum, a guideline app, personal medical records with logs of symptoms and 
laboratory results (including a molecular marker and linked to the guideline app), tailored feedback 
based on the patients’ symptoms and/or results, screen-to-screen consulting, delivery of medication, 
and the collection of blood samples at home.
CONCLUSION The multifeatured innovation, CMyLife, was developed in a multidisciplinary way and 
with active patient participation. The aim of developing CMyLife was to give patients the tools to 
monitor their results, interpret these results, and act on them. With this tool, they are provided with 
the know-how to consider their results in relation to their personal care process. Whether CMyLife 
achieves its goal and the evaluation of the added value will be the focus of future studies. CML could 
become the first malignancy for which patients are able to monitor and manage their disease by 
themselves.
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INTRODUCTION

In 2002, the World Health Organization reported about expecting dramatic changes in global 
health because of the rising prevalence of chronic health conditions, underscoring the necessity 
for innovations in healthcare to effectively manage long term health problems,1 which also requires 
a shift in the traditional roles of physicians and patients. The growing involvement of patients in 
their own care process and self-management needs to be stimulated,2 as this could improve the 
health outcomes of treatment and reduce healthcare costs.3 Ideally, care for chronic illnesses should 
be patient-centered, resulting in an increased understanding and awareness of health, treatment 
options, symptoms and behaviors.4, 5 This patient-centeredness should be of major focus when 
facilitating innovation in healthcare. In other sectors, involving the end-user of a product in its 
development is common practice and different kinds of human-centered approaches are available.6 

One of these approaches is “design thinking”. Although a universal definition is missing, the solution 
focused methodology is best described as “a discipline that uses the designer’s sensibility and 
methods to match people’s needs with what is technologically feasible and what a viable business 
strategy can convert into customer value and market opportunity”.7 By engaging the end-user from 
the beginning of the process, solutions are developed bottom-up instead of top-down. 8. Nowadays, 
design thinking is also gaining ground in the field of healthcare and healthcare education. 9-13 Design 
thinking and user-centered design are quite similar and start from the same standpoint—the user. 
The steps of both processes are quite comparable. However, design thinking emphasizes the ideation 
phase and focuses on finding solutions and has a specific set of tools. 
This paper aimed to describe the development and pilot testing of a patient-centered innovation that 
can change the current model of healthcare. As starting with small and rapid prototyping is key, we 
started with changing care for a specific group of patients (i.e., patients with chronic myeloid leukemia 
[CML]). This malignant disease results from a reciprocal translocation between chromosomes 9 and 
22, generating an abnormal Philadelphia chromosome. The resulting BCR-ABL1 fusion gene encodes 
for a constitutively active tyrosine kinase which is pivotal in the pathogenesis of CML and can be 
inhibited by tyrosine kinase inhibitors (TKIs). With the advent of TKIs, CML became a chronic disease 
rather than an often fatal one.14, 15 As with many chronic diseases, therapy compliance and guideline 
adherence are challenging. The paramount step in the monitoring of CML patients is quantification of 
BCR-ABL1 transcripts with a polymerase chain reaction (PCR) on peripheral blood, which represents 
disease activity.16 The recommendations for the monitoring of patients with CML are defined in 
international guidelines.16, 17 However, guideline adherence by physicians is often suboptimal,18-20 
which is associated with a higher risk of progression to advanced phase of the disease and death.21 
Another challenge in CML care comprises suboptimal adherence to TKIs by patients which in part 
relates to the adverse events (AEs) caused by TKIs. 18, 21-24 Common AEs are muscle aches and cramps, 
fatigue, gastrointestinal symptoms, and fluid retention, among others.25, 26 AEs are the main cause of 
intentional non-adherence. The adequate management of AEs is a necessity, as  an adherence rate of 
≤90% is clearly related to a lower probability of reaching important treatment goals.22 Furthermore, 
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physicians tend to underestimate the severity of AEs experienced by patients and overestimate 
the patients’ overall health status.27 By transforming CML care into a patient-centered care model, 
self-management of monitoring and intake of TKI can be stimulated, resulting in improved health 
outcomes and the involvement of patients in their own care process. Hence, CML is pre-eminently 
suited for developing an innovative patient-centered care model. 

METHODS

overview of the study designoverview of the study design

the designthe design
The design thinking methodology was used for the development of the innovative patient-centered 
care model.28 It consists of the following five phases: empathize, define, ideate, prototype and test. 
We started with the key element of every phase, i.e., the end user and in our case, the patient. Pilot 
evaluations of the developed innovation were performed by focus group interviews with patients. 
Design thinking is a dynamic process where phases can run parallel or in iterative circles, based on 
new insights or feedback. Going back is possible at any moment during the process. Generally, it 
can be visualized in the shape of two diamonds: first diverge in empathizing, then converge and 
define a problem, then again diverge and converge generating ideas for a solution and prototyping 
and testing the right solution, respectively. Figure 1 represents this process and is adapted from an 
illustration developed by Jasper Liu.29

settingsetting
The project has been established by a collaboration among hematologists at three hospitals in the 
Netherlands, the Dutch hematological patient advocacy group Hematon, and the REshape and 
Innovation Center of Radboudumc. A multidisciplinary project team was formed to coordinate the 
process, comprising patients, healthcare professionals, designers, developers, and a communication 
specialist, thereby representing both the participating and the developing parties. The study was 
approved by the institutional review board of the Radboudumc.

phase 1. empathize phase 1. empathize 
The understanding of the end-users and their needs, desires and challenges in everyday life is crucial 
and should be explored. To do so, we conducted in-depth interviews with patients and hematologists 
until data saturation was reached. The interviews were conducted by the user centered designers 
of the project team.  The patients were asked to participate during a national meeting of the 
patient association Hematon or were approached by their hematologists. The hematologists were 
approached via professional associations. Furthermore, field observations of different parts of the 
patient’s journey in the healthcare system were made. 
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Figure 1  The Double Diamond Model depicting the essentials in the design thinking process. 

These observations took place in pharmacies, in waiting rooms, during blood sample collection, 
and at the outpatient clinics during consultations with the hematologists. A checklist was used to 
evaluate a certain set of items (e.g., providing information on prescription medication, waiting time). 
Communication science students conducted the observations and were supervised by the project 
team.  All information gathered in this phase was clustered into themes to identify connections. 
Furthermore a stakeholder analysis was made, with the aid of stakeholder mapping, in order to 
identify all stakeholders. 

phase 2. definephase 2. define
During this analyzing phase all information gathered in the empathizing phase was translated into 
a problem statement: an expression of the problem we were aiming to address. The statement 
had to be human-centered, broad enough for creative freedom and narrow enough to make it 
manageable.30  Therefore, tools such as affinity clustering, the 5 whys, frameworks, and creating a 
point of view were used.31-33 The statement was defined by the project team in an iterative process 
until consensus was achieved. 
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phase 3. ideatephase 3. ideate
Here, the goal was to generate the broadest range of ideas for design as possible, preferably from 
different stakeholders’ perspectives. We started ideating with a selection of the project team, 
comprising at least a designer, patient, developer and healthcare professional. Subsequently, the 
ideas were shared and modified by the entire project team.  By asking “how might we”-questions 
the information gathered in the previous phases was converted into requirements of the innovation. 
It was key to strive for as many ideas as possible to solve parts of the problems and not just for one 
idea to solve the whole problem. In this manner innovation concepts could be formed and tested 
on a small scale. 

phase 4.prototypephase 4.prototype
We started with rapid prototyping by developing many low-resolution (quick to make and without 
much expenses) prototypes, e.g. screenshots of possible apps and websites. These were tested 
early in the process and immediately refined after feedback from the end users and stakeholders. 
Feedback was collected during the test sessions with small groups of end users. In addition, meetings 
were held with the project team, complemented by the representatives of the different stakeholders. 
If additional information was found to be missing or new ideas came up, the previous phases were 
repeated. 

phase 5. test phase 5. test 
This phase ran partially parallel with the prototype phase where every feature from the mock-up 
to concept product was tested iteratively with the end users. Eventually a pilot test was run on 
a small scale at the Radboudumc (the center where the project team was situated). A stepwise 
workflow was developed, containing the tasks and requirements that had to be fulfilled at each step 
and the person who had to fulfil these in the first 12 months. To create awareness of the innovation a 
communication plan was developed, for both patients and healthcare professionals. In the prototype 
phase, the prototypes were tested in small groups of mostly patients (4-6 patients). During the pilot 
test, focus groups were conducted with the help of a structured interview guide (Appendices 1 and 
2).  They were conducted with groups of patients and hematologists. Participants were approached 
via the website of the innovation, Hematon and professional associations.
The first focus group comprised four patients and one patient’s caregiver (3 male, 2 female, aged 
54-72 years). In the subsequent focus group,  seven patients participated. They were interviewed 
about the introduction to and awareness of the innovation, practical issues in utilizing it, layout, 
content, and the added value in one’s own life. Another focus group was conducted with 13 
hematologists, following a CML focused national working group. The topics were similar to those in 
the patients focus group (see Appendix 2 for the interview guide). Quantitative data on the usage of 
the innovation’s website and different mobile features were established at 12 and 16 months, using 
Google Analytics and data from the third parties involved, respectively. 
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RESULTS

phase 1. empathize phase 1. empathize 
Overall, eight patients (data saturation was reached) were interviewed to understand their experiences 
and explore their needs and desires. The mean age of these patients was 53 years (range 28-75), and 
75% were male. Each interview lasted between 60 and 90 minutes. The patients’ strongest wish was 
to be cured of the disease; however three other wishes were mentioned almost unanimously. First, 
insights into their disease, with more knowledge and comprehension were desired (for instance 
“am I doing well or not?” and “Where am I in my disease course?”). Second, they wished for better 
support in understanding and coping with the symptoms they experienced (e.g. “I’m having a hard 
time summarizing all the symptoms of the past 3 months before consultation” and “How can I explain 
my family and friends what the impact is on my daily life”). Finally, they wished for improvements 
in the organization of care delivery. The journey to the hospital and different appointments (i.e. 
hematologist, nurse specialist, blood sample collection, pharmacy) at different times and multiple 
locations were considered to be time consuming, apart from the time spent in a waiting room. 
A total of 14 hematologists (9 working at a university hospital, 5 at a non-university hospital) were 
interviewed and they mentioned the following desires: to empower the patient, better insight into 
the patient reported experiences and outcomes, improvement of guideline adherence, and providing 
care only when medically needed or when desired by the patient.
In addition, 34 observations (data-saturation was reached) in the outpatient clinic, during blood 
testing, or in the pharmacy were made to fully understand the patients’ journey. The observations 
were not connected to the patients interviewed and took place during different parts of the day. 
Lengthy waiting times were the biggest issue in almost all observations, as well as receiving too 
little information regarding the prescription medication at the pharmacy. Altogether, the role of the 
patients was too small in their own care process and adequate tools to take the lead were lacking. 
The following stakeholders were identified: the patients as end-users, healthcare professionals such 
as hematologists, general practitioners and to a lesser extent pharmacists, molecular biologists and 
health insurers. 

phase 2. definephase 2. define
The objective of the innovation was defined as “to empower patients and facilitate them to take the 
lead in their own care process”. As CML cannot be cured, we could not meet the biggest desire of 
curing the disease. However, it has recently become clear that it is feasible for patients to achieve 
a durable remission of the disease after discontinuation of their treatment.34, 35 This is referred to as  
“treatment-free remission” (TFR) and is considered to represent an operational cure. TFR is having a 
stable, deep molecular response without any ongoing TKI treatment. Patients in chronic phase CML 
who have maintained a stable and deep molecular response (for at least two years) are considered 
for TKI discontinuation.  In an international consensus statement of patient representatives and 
doctors, TFR was adopted as a desirable goal of CML therapy in the context of adequate medical 
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and psychological support.36 It was established that optimizing guideline adherence and therapy 
compliance are prerequisites for achieving this goal. 

phase 3. ideatephase 3. ideate
On the basis of the Define phase, the innovation should provide reliable information and instruments 
for the patients to gain insights into their own disease course and educate them in the subsequent 
steps. In addition, the innovation had to support patients when experiencing symptoms, whether 
disease-related or TKI-related. To reduce logistic struggles such as waiting times and to achieve 
availability for every patient with CML, the multidisciplinary project team decided that the innovation 
had to transfer part of the current care from the hospital to the personal environment of the patient.
Owing to the variety in problems, a variety of solutions were proposed, for instance: electronic 
health (eHealth) technologies to enhance knowledge and comprehension of the disease, provide 
a way to report and log symptoms, facilitate contact among patients for both social support and 
sharing insights, improve the organization of care delivery and eliminate unnecessary steps, and, 
in addition, a nurse specialist in both CML and electronic nursing, who can empower and educate 
patients with the aid of eHealth technologies. The multidisciplinary project team came up with a 
web-based innovation covering these different solutions to achieve the main goal of empowering 
the patient and making CML care more patient-centered by improving quality of life, medication 
adherence, guideline adherence, treatment outcomes, and reducing organizational burdens of the 
care process.

phase 4. prototypephase 4. prototype
Low-profile prototypes varying in content and layout were made of various parts of the coordinating 
solution (e.g., different graphs depicting BCR-ABL1 values to select the most insightful one, Figure 

2). Eventually, the iterative testing of the prototypes with the patients’ focus groups resulted in the 
concept of a web-based platform, called CMyLife, literally see my life and referring to CML. The 
platform was extended by adding different features, with the patients deciding which features to 
use in their own care process. It comprised a public website containing reliable information on the 
disease, treatment (e.g. AE profiles per TKI, TFR) and other medical issues; the impact on social 
aspects e.g., sports and financial issues (Figure 3) and a patient-tailored part with additional features 
in a secure environment. These features have been described as follows. 

forum forum 
A forum was developed in a secured part of the platform where patients could meet other patients 
and ask questions. It was monitored by two patient-experts and the community manager of the 
project team who can refer these questions to a hematologist, in case of medical questions. 
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Figure 2 Four examples of graphs depicting BCR-ABL1 values. Graphs B, C, and D have a colored area under the curve, 
in contrast to graph A. Furthermore the percentages on the y-axis differ: graphs A, C, D have percentages from 100 to 
≤0.001, representing the number of BCR-ABL1 transcripts. Graph B has a positive approach with percentages from 9 to 
≥99.999, representing the amount of healthy cells. 
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patients know bestpatients know best
Another feature is the Patients Know Best (PKB) portal,37 where patients are in control of their personal 
medical record. They can grant access to the medical records to their healthcare professionals 
(including professionals other than hematologists) or choose to keep them private. For patients in 
the pilot hospital, a connection was made between the hospital’s electronic health record and the 
PKB portal. In this way lab results are uploaded into the PKB automatically.

medapp®medapp®
We reached out to the developers of the mobile phone app MedApp, aimed at helping patients 
managing their medications.38 This resulted in a CMyLife module that is linked to a patient’s PKB in 
the app. In this module, patients can rate 10 frequent TKI related symptoms daily on a 4-point Likert 
scale, resulting in a weekly or monthly overview. This can be used as a visual representation of the 
impact of CML on their daily life and shared with family and friends. If the patients share their PKB 
record with the hematologist, this can result in a more tailored consultation. Preparations are made 
to develop a feedback-loop signaling the nurse specialist to contact the patient in case of grade 3 or 
4 AEs.

disease activitydisease activity
To provide insight into an individual’s disease course, graphs depicting the molecular marker 
measured to monitor disease activity (BCR-ABL1 transcript values) are uploaded in the PKB record, 
in collaboration with the local molecular laboratory (Figure 4). 

Figure 3. Screenshot of the CMyLife website.
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The above-mentioned graph (Figure 4) visualizing the molecular marker levels is linked to the 
guideline app. This app contains an easy to understand stepwise explanation of the Dutch CML 
guideline for patients with CML in chronic phase using a first-line TKI.39 On the basis of their last 
molecular response and moment in time patients receive advise, for example:

The response is optimal, you should continue with your medication.

The response is not optimal. This can be due to medication interactions, skipping medication or 

progression of disease. Ask your hematologist about it on your next appointment.

In addition, reminders are sent when patients should be tested again. Expanding the functionalities 
to second-line treatment and CML in other phases is planned for the near future. 

reducing reducing hhospital ospital vvisitsisits
Furthermore, organizational issues were addressed by the following features, all aimed at minimizing 
hospital visits.

Figure 4. Screenshot of the graph depicting BCR-ABL1 transcript values in a patient’s own PKB record in the CMyLife 
environment. When a dot is selected it shows the results and its date.
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 Blood Samples 
In collaboration with the Thrombosis Service, a service monitoring anticoagulant therapy in the 
Netherlands which draws blood samples at home or nearby for patients with thrombosis using oral 
anticoagulants, patients with CML can get their blood samples drawn at home. 

 Pharmacy

TKIs are delivered to the patient’s home by the pharmacy. In the MedApp’s CMyLife module, patients 
can request the pharmacy directly for a new delivery when they are almost out of TKIs. Hence, a 12-
month valid prescription is supplied by the hematologist. 

 Screen-to-Screen Consulting

Finally, patients are offered screen-to-screen consultation with their hematologists. Consultation 
rooms were provided with the right equipment and healthcare professionals were trained. Face-to-
face consultations with the hematologist were reduced to once a year, unless additional face-to-face 
physical consultations at the hospital were considered desirable by the patient. Between these visits 
patients were supported through screen-to-screen consultations and the other features described 
above. 

ssecurityecurity
All data were secured, and data protection conformed to the national and European privacy 
regulations (General Data Protection Regulation). The features containing data from the hospital’s 
electronic health record (i.e. laboratory results in their personal health record, website and app) 
were secured with a password protected log-in and subsequent token via an SMS (text message) 
for authentication. This is in accordance with the Dutch security guideline NEN7510. The forum is 
password protected. 
Before the connection can be made between the hospital’s systems and CMyLife, a patient has to 
register for a personal health record. Subsequently, their identity is checked based on name, date 
of birth, postal code, and citizen service number. The personal medical record is International 
Organization for Standardization/International Electrotechnical Commission 27001:2013 certified.

pphase 5. hase 5. ttestest
ffocusgroups ocusgroups 
Patients had different experiences of how and when CMyLife was introduced to them. Some preferred 
an introduction by the patient association Hematon, others by the hematologist. With regard to the 
practical issues in its utilization, it turned out that patients had little experience with the platform at 
this time (“I did not even know it existed”). A few content-specific suggestions were made, such as a 
small piece of information helping patients explain CML and its impact to others. Screen-to-screen 
consultations and having blood samples drawn at home received a positive response:
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I really like the video-consulting, this way I am certain I don’t have to waste a half day every 3 

months or so.

My consultations with my doctor never last longer than 3 minutes. “Everything looks fine, great, 

bye and see you next time”. What am I doing here. There are people who need the hematologist 

more than I do, especially when I’m doing well. I would prefer video-consulting, it saves time for 

the both of us.

I receive a prescription from my doctor, go to the hospital pharmacy and a few days later I can 

pick up my TKIs, if I am lucky.. And you always have to make a call on forehand to check if your 

order is ready. It is old-fashioned.

Insights into individual laboratory results was desirable when combined with an easy to understand 
version of the guidelines (“We do not want our care to be dependent of which doctor is treating you, 
it should be the same everywhere”).  The responses to registering symptoms and medication intake 
were variable, as everyone could not imagine this to be beneficial to their management: 

It involves extra steps and it can result in more work, though.

I understand the advantage, a doctor can prepare the consultation.

Hematologists were a little more reluctant regarding CMyLife. They could imagine the added value in 
improving patient empowerment and transferring care to outside the hospital. However, there were 
concerns regarding time investment, as time is a scarce resource in daily practice:

I think it is very important to provide care at home and for a patient to take the lead. The  problem 

is that as a doctor, I don’t want to have extra work, so it has to be very well facilitated.

I think it can help improving adherence. Of course, patients only experience CML related symptoms 

if it went wrong, if patients monitor their own results and see the numbers and decrease in log 

value, it could be stimulating to be really adherent to their medication. 

All our patients search the internet for information. What you want as doctors is provision of 

trustworthy information, I think that is an important goal of such a CMyLife intervention.

I see potential, however I also foresee many technical issues in connecting the CMyLife system to 

our hospital system.

Through a system like this, you can diminish a lot of routine follow-up visits every 3 months, in 

order to create more time for other things”. 
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Another topic of concern was the growing development of (commercial) mobile interventions, all 
specified to just a specific disease and often focused on just one aspect of that disease:

An important barrier is the coordination with similar initiatives for other patients than CML 

patients. One universal solution is desirable. The strength of CMyLife is that it can be regarded as 

a blueprint that can be used for other diseases. 

Patients have comorbidities, some patients see a hematologists, cardiologist and other doctors, 

it would be preferable if CMyLife was not a stand-alone application. 

uuser ser sstatisticstatistics
With regard to the user statistics of the CMyLife website, in the first year (December 2016- December 
2017) CMyLife had 6 334 unique visitors with approximately 600 visitors per month for the last 6 
months. Unique page views in the last 12 months were 36 300. Per session, 5.17 pages were visited 
on average, with the page containing the latest blogs and information on AEs having the most visits 
after the homepage and log-in page. A total of 338 users were registered, who were treated in 62 
different hospitals. Per month the forum was visited on an average of 150 times by 40 users. One-
fifth of the visitors were new, 80% comprised returning visitors. A total of 677 users registered for the 
CMyLife module in MedApp with 156 active users (i.e. monthly use) in the last month. 

rrunning and unning and eexpanding the pilotxpanding the pilot
The publicly available website and online user forum were launched nationwide during Hematon’s 
information day on CML, on 23 April 2016. Gradually we extended the other features for patients of 
the Radboudumc to test and refine CMyLife, and prepare for further implementation. The workflow 
of the electronic consultations has been described hereafter. As the pilot was confined to patients of 
the Radboudumc, the additional features (i.e. except the website and user forum) were separated 
from the public version of the tool. 
Patients received a letter from their hematologist accompanied by a CMyLife information brochure. 
Extra time was scheduled for their next follow-up visit. This visit comprised four parts. First, the 
hematologist completed the routine follow-up and then explained the changing model of care. If 
desired, a 12-month valid prescription was written for TKIs to be delivered to the patient’s home. 
Second, an introduction with the nurse specialist took place, followed by an explanation of the 
functions and first half of the features of CMyLife (information source and PKB). Third, the patient 
visited a member of the project team who showed an explanatory video, installed and activated 
CMyLife and PKB (after an identification check). If necessary, instructions were provided by email 
and telephone. In total, 80 minutes were reserved for these 3 parts. Finally, the patient visited 
the pharmacy where the type of medication and the number of pills in possession of the patient 
were registered in CMyLife. After 3 months the patient had a routine follow-up scheduled with the 
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hematologist, who could discuss the symptoms reported in CMyLife and TKI adherence. Thereafter 
the patient visited the nurse specialist who evaluated the experiences of using CMyLife and explained 
the second half of the features (video consulting, having blood drawn at home, scoring symptoms). 
Both visits lasted for 20 minutes each. After 6 months, the hematologist proposed the possibility of 
screen-consulting for the next visit, followed by an explanatory visit including instructions for video-
consulting with the nurse specialist. 

DISCUSSION

pprincipal rincipal ffindingsindings
Finally, with the aid of the design thinking methodology, the CMyLife innovation was developed. 
Which is a web-based platform with multiple features such as a website with reliable information 
and a forum, a guideline app, personal medical records with logs of symptoms and laboratory results 
(including molecular marker, connected to the guideline app), screen-to-screen consulting, and 
delivery of medication and collection of blood samples at home. Since the beginning of the pilot, 
338 users were registered and the website had 6 334 unique visitors. However, it should be noted 
that CML is a rare disease with approximately 160 new patients per year in the Netherlands. 
Gaining insights into the course of one’s disease was most desired by patients. Hence, an easy 
to understand version of the Dutch CML guideline connected to personal laboratory results was 
developed, which provides patients with the tools to take the lead in their own care process, 
enhancing patient empowerment and guideline adherence. In daily practice, adherence to guidelines 
by physicians is often suboptimal,18-20, 40, 41 which is associated with lower medication adherence and 
inferior treatment outcomes, including an increased risk of progression to an advanced phase of the 
disease. 19-21, 24 A second feature is the provision of trustworthy information on a variety of subjects 
related to CML care, based on patients’ feedback. Furthermore, by transferring the majority of care 
outside of the hospital, CML care is centralized digitally. This could be beneficial as adherence to 
guidelines was found to be the lowest in small centers treating just one or a few newly diagnosed 
patients with CML.42 Even for patients who have achieved TFR and discontinued TKI treatment, 
CMyLife could be of added value. As approximately half of the patients remain in TFR after TKI 
discontinuation, 43-45 optimal monitoring is important.   

Another key feature of CMyLife is the personal health record that can be created and filled with 
patient reported outcomes (PROs) such as TKI intake, health status and AEs. In the literature 
AEs are frequently reported and are even described as the main reason for skipping TKI doses 
intentionally.46-49 These already low adherence-rates are a serious challenge in CML care,48, 50, 51 leading 
to decreased treatment responses and subsequently increased rates of resistance and progression.22, 

23, 47, 52 Obviously, recognition of AEs by the physician is essential to relieve the symptoms or consider 
switching TKI to enhance adherence. However, physicians tend to rate symptom severity lower 
than patients and overestimate the adherence of their patients.27, 53 Patients reporting their own 
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outcomes have an improved control of symptoms, medication adherence and patient satisfaction. 
Furthermore PROs provide distinct prognostic information, exceeding clinical measurements.54-56 
Naturally, the utilization of human centered design approaches and the development of mobile 
health technologies in healthcare are not new. There are numerous examples of mobile health 
technologies for patients and their caregivers for various diseases. Even interactive patient portals 
in breast and lung cancer care, developed with active patient participation, are described in the 
literature.57, 58 Laboratory result, PRO and frequently asked question sections are common features of 
these portals. Other web-based interventions include a pre-visit communication tool for malignant 
lymphoma, an online community for adolescents and young adults with cancer, online communities 
for patients with breast cancer, and a web-based app supporting cancer survivors in self-management 
by monitoring PROs and acquiring feedback with a summary of personalized supportive care 
options.59-62 As such, the individual web-based features of CMyLife are not unique, however, the 
combined features and the transfer of care from the hospital to the patient’s own environment, are 
unique. CMyLife changes the current delivery of care and centralizes it digitally. 
Laboratory results, PROs, electronic consulting and information provision can be considered as generic 
components of innovative apps for all types of cancer, and even for nonmalignant chronic diseases. 
It is key to the development of such innovations is to start at the beginning, i.e. with the patients,  
and tailor the innovation as a solution to the patients’ needs.  CMyLife in its entirety incorporates a 
holistic approach, which could serve as an example for innovations for other malignancies. 
CML, however, is distinguishable from other malignancies, based on the nearly normal survival rates 
and, above all else, the availability of a molecular marker representing disease activity. Fortunately, 
survival is nowadays seldom the key issue for patients and the emphasis shifts to the management 
of AEs,  decreasing the disease burden in daily life. 

llimitationsimitations
Design thinking was an effective method to develop an innovation in a bottom-up approach. 
However, it is possible that a different product would have been developed if another user-centered 
method had been used. In addition, our study is limited by the possible bias in patients voluntarily 
participating in the development of the innovation. Patients willing to participate in the project could 
be a more active group and their needs may not represent the needs of the overall population of 
patients with CML. 

ffuture uture rresearchesearch
The ability of CMyLife to achieve its goal as well as the added value of CMyLife and its features will 
be the focus of future studies. Pre- and posttest design studies are running at the time of writing 
this paper. CMyLife will be evaluated on objective criteria (i.e. quality of life, cost-effectiveness, 
adherence rates etcetera). In addition, the further development and finetuning of CMyLife remains 
a continuous process. During this process, qualitative studies with more focus groups and interviews 
will be performed.  
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Enhancing adherence could save healthcare costs. A Dutch report assessed the potential value of 
improving both patients’ adherence to TKIs and physicians’ adherence to guidelines.63 For each 
yearly cohort of newly diagnosed CML patients (160 patients) over a time period of 25 years, a 
cost reduction of approximately €2.8 million and €1.2 million would be possible by improving the 
patients’ adherence and physicians’ adherence, respectively, to  100%. For the improvement of every 
% of adherence, cost reduction was established at €106 560 and €43 520 per yearly cohort over 25 
years, respectively. 

cconclusionsonclusions
The main takeaway of this study is that we have developed a holistic intervention with the aid of 
active patient participation. We aimed to change the current model of care by using and continuously 
improving. Patients are provided with an easy to understand guideline for the management of CML. 
In addition, they receive their own laboratory results, including the paramount BCR-ABL1 value, 
depicted in a simple yet understandable graph. With the aid of CMyLife we give patients the tools to 
monitor their results, interpret these results and act on them. They are provided with the know-how 
to consider their results in relation to their personal care process. Patients themselves monitor their 
treatment and know when it is time to check their values again. After all, physicians proved not to be 
the most adherent monitors.41 Of course, the hematologist will not become completely redundant, 
monitoring is still required, although from a distance. An approximate comparison can be made with 
a chronic disease such as diabetes mellitus, where patients monitor their own glucose levels and 
therapy and have, for example, yearly contact with their healthcare professional. CML would be the 
first malignancy where patients are able to monitor and manage their disease by themselves. 

Historically, CML has been a prototype malignant disease for innovations in medicine: it was the 
first human cancer in which the causative genetic abnormality was identified (the Philadelphia 
chromosome) and was the first disease for which a successful targeted anticancer therapy was 
developed (the TKI imatinib). Perhaps CML can lead innovation in oncology once again and be the 
model of change in current healthcare by redesigning the model of care to be truly centered around 
the patient with the patient in full control and ensuring the highest quality and best outcomes.
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SUPPLEMENTARY INFORMATION

aappendix 1 ppendix 1 - I- Interview guide focus group patients.nterview guide focus group patients.
Short introduction: in order to improve the care for CML patients the platform CMyLife has been 
developed. It provides answers, support and self-management in order to help you take the lead in 
your own care process. You can find trustworthy information on the platform, an online community 
to get in touch with other CML patients, a personal health record with your own lab results and the 
possibility to ask questions to hematologists.
We would like to start with an introduction round. During your introduction, could you tell us whether 
you have used CMyLife and if so, whether you do this on a regular basis.

The conversation is divided in 4 parts:
1. Short introduction.
2. Introduction of CMyLife (when and who).
3. Practical use of CMyLife.
4. The added value for you as a patient.

Short introduction
• Before we start discussing the different features of CMyLife, we would like to hear your opinion 

of CMyLife as a whole: the sum total of features. 
• What is your overall impression/opinion of CMyLife (for instance: positive/negative, useful/

useless, fast/time consuming, etcetera)? 

Introduction of CMyLife
• At what moment in your care process has CMyLife been introduced to you?
• What do you think of this moment? What do you think would be the best moment to introduce 

CMyLife?
• Who introduced CMyLife to you?
• Do you think this was the right person to introduce CMyLife? Who would have been a more 

suitable person? And why?
• Did you receive any help or explanation regarding the utilization of CMyLife. If so, by whom?
• Was the amount of explanation satisfactory?
• What do you think is important when explaining CMyLife? Would you have preferred extra 

information?

Practical use of CMyLife
• Usage and login

• Who of you has logged in? Who did not log in?
• How many times have you logged in?
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• Who has logged in just once, and did not/barely use CMyLife ever since?
• Who logs in on a regular basis and uses CMyLife?

• For the people not/barely using CMyLife 
• What is the reason you are not using CMyLife?
• What are the experienced barriers in using CMyLife? (barriers can appear at different 

levels:  CMyLife itself, healthcare professional (HCP), patient, patient’s or HCP’s 
environment, hospital organization or financial/legal aspects). 

• For instance:
• Practical problems (e.g. difficulties logging in)      (patient)
• Not knowing how to you use/apply eHealth   (patient)
• Having doubts on the concept of eHealth   (patiënt)
• Having doubts on the content of CMyLife    (organization)
• Lack of time      (patiënt)
• Fear of poor privacy regulations    (legal)
• Missing connections with existing Radboud/other systems (organization)

• What changes have to be made in order for you to use CMyLife?
• Improvement of the login and usability of the program     

(organization)
• Improvement of eHealth knowledge   (patient)
• Increase in eHealth skills    (patient)
• Improvement of the CMyLife content (which topics)  (organization)
• Improvement of privacy and security regulations  (legal)
• Improved communication with existing (Radboud)systems (organization)

• For the people who use CMyLife
• What do you like about CMyLife? What do you not like about CMyLife? (refer to levels 

mentioned above).
• Which parts (features) of CMyLife do you use regularly, which ones barely and why (for 

each feature)?
• Usability (speed etcetera).
• Adapt/apply eHealth to own needs and desires.
• What would help you to increase the usage of CMyLife (each feature)?
• Content

• What is your opinion regarding the content of CMyLife?
• Which topics are useful and which ones are redundant?
• What would you like to have added to the content?

• Lay-out
• What do you think of the way the information is displayed? (each feature)
• What’s your opinion on the ease of retrieving information?
• What do you think of the readability of the information?
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• How do you like the interface’s lay-out?
• Functionality

• What do you think of the speed of the system?
• What is your opinion on the usability of the system?
• What do you think of the possibility to personalize settings in MedApp? And to receive 

updates on new messages posted on the forum?

Added value for you as a patient
One of the goals of CMyLife is to provide more accessible, reliable and understandable information, 
which fits your personal situation.
• Do you think we have achieved this goal with CMyLife? If not, what could help us to achieve 

this goal?
• Do you think the information provided by CMyLife is of added value to the information you have 

already received in the hospital? 
• Which information is important to add to CMyLife?
Another goal of CMyLife is to personalize CML care.
• How can the care you receive be more tailored to your personal situation and wishes?
• A third goal of CMyLife is to support you in self-management of your disease and treatment, i.e. 

to put you in the lead of your own care process. The informative website and personal health 
record could be helpful. 

• How can CMyLife help you to manage your own disease?
• Could CMyLife contribute to improving your involvement in your own care process? With the 

aid of, for instance, the information on the website, registering your own outcomes in the app 
which you can share with your HCP, and insights in your own lab results.

Reflection on concrete subsequent steps
We will present four examples of subsequent steps, we would like to hear your opinion regarding 
these steps. 
1. MedApp: with this application you can register your medication intake and adverse events on a 

scale from 1-4. This information could help your HCP supporting you. By using the MedApp, you 
could set medication-alerts, log your symptoms and record consultations with your HCP. The 
information collected can be saved in the personal health record of CMyLife as well. 

2. Lab results: in the personal health record in CMyLife you are provided insights in your lab 
results, depicted in a simple, understandable graph. You would be able to compare the results 
and interpret them with the aid of the provided understandable guideline on CML treatment. 

3. Video consulting: it is possible to replace the periodic consultation with your HCP with a 
consultation via a secured video connection. You won’t have to come to the hospital, instead 
you can speak to your HCP through your smartphone/tablet/personal computer. THe HCP can 
share his/her screen, so you can watch with them. 
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4. Collection of blood in your own environment: your HCP could arrange the collection of blood in 
your own environment, or even at home. This way, you don’t have to go to the hospital. Instead 
you could go to a local diagnostic center/stay at home.  

(Explore reactions and additional ideas regarding the 4 steps). 
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aappendix 2 -ppendix 2 -  Interview guide focus group hematologists.Interview guide focus group hematologists.

This meeting explores your experiences with CMyLife and is divided in 4 parts: 
1. Short introduction.
2. Knowledge of CMyLife. 
3. Practical use of CMyLife.
4. The added value for the patient.

Short introduction
Before we start discussing the different features of CMyLife, we would like to hear your opinion of 
CMyLife as a whole: the sum total of features. 
• What is your overall impression/opinion of CMyLife (for instance: positive/negative, useful/

useless, fast/time consuming, etcetera)? 

Knowledge of CMyLife
• How did you find out about CMyLife?
• Did you receive any explanation regarding the system?
• Do you know how CMyLife works? 
• Do you know how CMyLife looks like? 

Practical use of CMyLife
• Have patients been receptive to use CMyLife in the daily practice? If so/not, why?
• What do you think the barriers are in using CMyLife and in the efficacy of CMyLife in daily 

practice? 
• Not knowing how to you use/apply eHealth
• Having doubts on the concept of eHealth/the content of CMyLife
• Lack of time  
• Lack of convenience
• Fear of poor privacy regulations     
• Missing connections with existing Radboud/other systems 

• What do you think are positive factors regarding CMyLife?
• Usability (speed etcetera)
• Adapt/apply eHealth to own needs and desires.

• Content
• What is your opinion regarding the content of CMyLife?
• Do you think information is missing?
• Have all the different parts of the care process been discussed sufficiently?  

• Lay-out
• What do you think of the way the information is displayed? (each feature)
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• What’s your opinion on the ease of retrieving information?
• What do you think of the readability of the information?
• How do you like the interface’s lay-out?

• Functionality
• What do you think of the speed of the system?
• What is your opinion on the usability of the system?
• What do you think of the possibility to personalize settings?

Added value for the patient
One of the goals of CMyLife is to provide more accessible, reliable and understandable information, 
which fits the personal situation of your patient.
• Do you think we have achieved this goal with CMyLife? If not, what could help us to achieve 

this goal?
• Do you think the information provided by CMyLife is of added value to the information the 

patient already receives in the hospital? 
Another goal of CMyLife is to personalize CML care.
• In your opinion, to what degree has CMyLife supported patients in self-management and having 

them take the lead in their own care process? 
• In your opinion, to what extent are patients more involved in their own care process because 

of CMyLife?

Other remarks.
• Do you have any other remarks/suggestions concerning CMyLife?

Thank you for your participation. 
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ABSTRACT 

BACKGROUND For patients with chronic myeloid leukemia, a web-based platform CMyLife was 
developed. Its aim is to enhance patient empowerment, by adequate information provision, among 
others. Before evaluating its effect, information provision and needs in current care were assessed.  
OBJECTIVE To assess patients’ evaluation of received information and information needs before 
CMyLife utilization and whether this information source is used correspondingly. Additionally, we 
explored predicting patient factors in information perception.
Patient involvement CMyLife platform was developed with active patient participation. 
METHODS We conducted a cross-sectional survey among 203 CML patients before launch of the 
CMyLife platform, using validated questionnaires on information provision and predictive factors. We 
focused on website utilization during the first 3 years, using Google Analytics. Regression analyses 
were performed to determine influence of patient factors on information perception. 
RESULTS Global perceived information provision was scored 42.8 (0-100). Information on other 
services such as rehabilitation and psychological support, and effects of treatment on sexuality 
showed room for improvement. One out of 3 knew where to find useful health information online. 
But more information was desired by 36% of them. Age ≥65 years, time since diagnosis and low 
education were positively associated with this need. Pages on medication and side effects were 
visited the most. 
DISCUSSION To fill the gap in perceived provision and needs, information should be adjusted more 
to the individual in content, manner and timing. Age, time since diagnosis, and educational level 
are of influence in perceived information, and specific needs within these groups should be further 
explored. 
PRACTICAL VALUE CMyLife provides reliable and up-to-date information for low eHealth literacy 
skilled patients concerning multiple topics indicated by patients. Healthcare professionals and 
patient organizations should therefore actively refer to the CMyLife website.   
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INTRODUCTION

Information seeking among cancer patients is common.1, 2 Current rates of internet use among 
cancer patients are ranging from 60 to 80.8% and are increasing over time.1, 3-5 Seeking information 
does not equal finding it, let alone use it. Patients require a certain level of eHealth literacy, which 
is defined as “the ability to seek, find, understand, and appraise health information from electronic 
sources and apply the knowledge gained to addressing or solving a health problem”.6 In a Dutch 
study, only 50% of subjects could complete an assignment to find certain health related information 
online, and only 35% was able to use that information for personal benefit.7 Elderly and subjects with 
lower education experienced more difficulties. 
Reported negative effects of patients’ unmet information needs include lower satisfaction with care 
and worse illness perception.8-11 Reported advantages encompass less anxiety and fear, improvements 
in quality of life, therapy adherence, psychological well-being, satisfaction and engagement in 
decision-making, daily functioning, and pain management.12-16 
In cancer patients in general, the most frequent information needs identified concern side-effects 
and treatment.17-20 Studies on information needs in patients with hematological malignancies are 
scarce, despite the increasing prevalence.21-23 Reported satisfaction with information rates vary from 
52-67%.24 Basic information was desired, with a higher need for medical (e.g. regarding diagnosis, 
curability, treatment options, and prognosis) than psychosocial information. Information concerning 
effects of socio-economic status, education, or coping on information needs among patients with 
hematological malignancies is lacking. 
Chronic myeloid leukemia (CML) is a hematological malignancy caused by a chromosome 
translocation, resulting in a constitutively active protein, a so called tyrosine kinase, generating an 
increased proliferation of mature blood cells. Due to the advent of tyrosine kinase inhibitors (TKIs), 
survival in CML patients approximates that of the general population although without cure of the 
chronic malignant disease itself.25 Information needs, therefore, can differ from other hematological 
malignancies with worse survival outcomes. Comparable to chronic non-malignant diseases, patients’ 
treatment adherence despite numerous adverse effects and physicians’ guideline adherence are 
paramount in CML care. Nonetheless, suboptimal adherence rates are reported and emphasize the 
importance of patient education.15, 16, 26-28 Information regarding disease, therapy and management 
of adverse events is essential in improving therapy adherence.15 Even if patients eventually qualify 
for discontinuation of TKI therapy after achievement of a sustained molecular response, information 
provision remains important and needs are still reported, e.g. regarding trial results, withdrawal 
effects, risks and opportunities of stopping, and monitoring.29, 30 Studies regarding information 
provision in CML patients are actually limited to one study concerning information needs on TKI 
treatment.31

To improve patients’ disease knowledge, the type and amount of information provision should meet 
the needs and desires of the individual.32, 33 Moderating factors should be taken into account such 
as age, educational level, cancer type, time since diagnosis, and treatment. In case internet is the 
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preferred information source, is the desired information subsequently found online by patients, and 
once found online, does that information match the readability and eHealth literacy level of that 
particular patient?  
The web-based platform CMyLife is an intervention aimed at improving patient information and 
comprehension in CML patients (Box 1).34 Before evaluation of CMyLife’s effect on information 
provision, it is important to assess patients’ evaluation of information provision in current CML 
care, before CMyLife’s launch, and whether the information on CMyLife, after its launch, is used 
correspondingly. That is, if information provision on a specific topic is perceived to be insufficient, is 
information regarding this topic obtained from CMyLife? 
Also, are there predicting factors, patient- or disease-related (e.g. demographics, treatment, time 
since diagnosis, quality of life, patient empowerment, eHealth literacy), in information perception? In 
this study we aim to assess perceived information provision, compare this with CMyLife’s utilization 
and explore predicting factors in information perception.  

METHODS

designdesign
To assess perceived information provision and information needs in patients with CML, we 
conducted a cross-sectional survey among CML patients before the launch of the CMyLife platform, 
using validated questionnaires. After CMyLife’s launch we focused on the web activity of the 
information pages on CMyLife during the first 3 years (2017-2019). With the web activity data we 
could examine if CMyLife’s content was used correspondingly to the reported information provision 
in the questionnaires.

participants participants 
Patients were asked to participate by their HCP during routine visits at 7 participating hospitals 
(including 4 university centers). Hospitals, spread over the Netherlands, were invited to participate 
per letter. Patients who received TKI therapy, were about to start, or had just continued TKI therapy, 
were considered eligible. After written consent was obtained, paper questionnaires were send per 
mail by HCPs, including a stamped envelope addressed to the investigators. Patients familiar with 
CMyLife or with a history of an hematopoietic stem cell transplantation were excluded. The study 
was approved by the Radboudumc institutional ethics committee. 

data collectiondata collection
questionnairesquestionnaires
The survey-questionnaire concerned the outcome measurement information perception and 
needs, and information on the following predictive factors: demographics, CML disease course, and 
validated questionnaires on patient empowerment, eHealth literacy and quality of life (QoL). 
Information perception and needs were measured with the EORTC-QLQ-INFO25 questionnaire and 
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BOX 1 - DESCRIPTION OF THE CMYLIFE PLATFORM
In 2016, the web-based platform CMyLife (www.cmylife.com) was launched on a national 
information day on CML for patients and has been freely accessible ever since. Patients are 
made aware of the existence of CMyLife by the patient advocacy group Hematon and their 
healthcare professionals. Moreover, CMyLife is one of the first Dutch hits in online search 
engines when searching for CML. 
CMyLife has been developed with aid of active patient participation. It comprises multiple 
features; such as smartphone applications containing an easy to understand version of the 
national CML guideline, medication intake and symptom logs, insights in lab results, a secured 
patient forum, a news blog and a website providing information on all sorts of CML related 
topics. Examples of these topics are: diagnosis and treatment of CML, adverse events of 
medication, and life with CML – i.e. work and income, mortgage and insurance, fatigue, sports 
(figure below). 

Patients can register an account online to gain access to the secured patient forum and emails 
with newsletters and updates. Additional registration for a personal electronic health record on 
CMyLife, which can be connected to some hospital systems, is possible after an identity check 
based on name, date of birth, postal code, and citizen service number.
The objective of CMyLife platform is to enhance patient empowerment by providing patients 
with knowledge and tools to take lead in their own care process. It is run by a committed and 
multidisciplinary project team, including patients and HCPs. Recently, the concept has been 
extended for other hematological malignancies such as chronic lymphocytic leukemia and 
multiple myeloma as well. A more detailed description of the development of CMyLife can be 
found elsewhere.34 
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comprised four information subscales: perceived information provision about the disease, medical 
tests, treatment and other care services, and 8 individual items.35 Except for four dichotomous 
items, items were rated on a 4-point Likert scale. Linear transformation as described above was 
used as well, with higher scores representing a higher level of information received, desire for more 
information and greater satisfaction.
Patient empowerment was defined as the individual knowledge, skills, and confidence for 
managing patient’s own health and healthcare, and was measured with Patient Activation Measure-
13(PAM-13).36 Again, scores on a 4-point Likert scale were transformed in a 0-100 range, which 
corresponds with one of four levels of patients activation (level 1 representing the lowest activation 
and 4 the highest). 
Self-perceived eHealth literacy was assessed with eHealth Literacy Scale (eHEALS),6 comprising 8 
items on a 5-point Likert scale. Scores were summed to range from 8-40, higher scores represent 
higher self-perceived eHealth literacy. 
QoL was assessed with EORTC-QLQ-C30 and CML specific EORTC-QLQ-CML24 questionnaires.37, 38. 
They comprised 14 (1 global, 5 functioning and 8 symptom) and 6 subscales (symptom burden, 
impact on mood, impact on daily life, and satisfaction with care and information, body image and 
satisfaction with social life), respectively. Linear transformation to standardized scores ranging from 
0-100 was used per EORTC scoring manual.39 Higher scores represent a higher level of functioning, a 
higher level of symptoms/impairment, or a higher level of satisfaction. 

user datauser data
To analyze CMyLife web activity, we used Google Analytics to collect user data from January 2017 
until January 2020. These data included user demographics and location, kind of device used, and 
behavioral information: pages per session, transitions between pages, and duration of time on 
specific site. All collected data were anonymous, on account of Google Analytics privacy terms and 
conditions.

analysesanalyses
Descriptive statistics were used for baseline characteristics. In addition to mean scores from 0-100 
on the EORTC-QLQ-INFO25, the proportion of patients that perceived to receive no information at all 
on a specific subject was reported as well. 
Reliability analysis (Cronbach’s α) was used to assess internal consistency of the EORTC-QLQ-INFO25 
questionnaire subscales. We used univariate analyses to test the relation between EORT-QLQ-INFO25 
subscales as dependent variable and the following sociodemographic and clinical characteristics as 
independent variables: gender, age (<65 years versus ≥ 65 years), treatment hospital (academic 
versus non-academic), educational level (low versus high: university and upper secondary education 
versus compulsory education), perceived health rating (poor-fair versus good-excellent), therapy (TKI 
versus TFR, in case of TKI therapy: first-line TKI versus subsequent lines), time since diagnosis (years) 
and, scores on the PAM-13, eHEALS, EORTC-QLQ-C30 subscale global functioning and EORTC-QLQ-
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CML24 subscale symptom burden. Variables with P<0.20 in the univariate analysis on the subscales 
of EORTC-QLQ-INFO25 were selected for the multivariate regression analyses. Logistic regression 
analyses were performed with the dichotomous dependent variables of the EORTC-QLQ-INFO25 
regarding the wish for more information and wish for less information. 
Pearson or Spearman correlation was used to test collinearity among independent variables. In case 
of strong correlation (r >0.6), only the most clinically relevant variable was included. Multicollinearity 
was tested with the variance inflation factor. Analyses were performed with SPSS (IBM SPSS Statistics 
for Windows, Version 25.0. Armonk, NY).
Descriptive statistics were used for CMyLife web traffic. 

RESULTS

patient & disease characteristics patient & disease characteristics 
A total of 219 patients completed the questionnaire. After exclusion of 16 patients (familiarity 
with CMyLife n=11; stem cell transplantation n=5), a total of 203 participants remained. Baseline 
characteristics of survey participants are summarized in Table 1. Most patients were aged ≥55 years 
(66.2%) and 45.2% were male. TKI treatment was discontinued in 19%. Of the patients receiving TKI 
therapy, almost 40% received first-line TKI. Median years since CML diagnosis was 6 (range 0-22, SD 
5.3). 

questionnairesquestionnaires
Regarding EORTC-QLQ-INFO25, internal consistency based on the current data was good (α = 0.80–
0.91). Mean global score was 42.8 (SD 18.2). On a scale from 1 (not at all) to 4 (very much), satisfaction 
with the amount of information provided was 2.79. Information on other services (i.e. help outside 
of the hospital, rehabilitation and psychological services) was rated especially low (Table 2). The 
proportion patients that in their perception received no information (i.e. scored 1 on Likert scale) on 
different care locations was 71.1%. Regarding information on rehabilitation possibilities, psychological 
support, effects of treatment on sexual activity, and aspects of dealing with the disease at home, 
the percentages of patients that perceived to have received no information were 71.0%, 62.8%, 
60.2% and 54.1%, respectively. About a third (28.5% and 35.9%, respectively) reported to receive no 
information on the effect of treatment on social and family life, nor on patient organizations. Almost 
a quarter (23.6%) received, in their perception, no information on the positive and negative effects 
of various TKIs. The majority (72.7%) received written information, of whom 72.2% searched for 
additional information on the internet. More information was desired by 35.9%. 
Mean score on the global health scale of the EORTC-QLQ-C30 was 76.6 (SD 17.3), the symptom 
scales fatigue, insomnia, dyspnea, and pain scored the highest with mean scores of 31.4 (SD 25.1), 
23.5 (SD 27.7), 19.5 (SD 25.8) and 18.1 (SD 24.1), respectively (Table 2). Mean score of the symptom 
burden scale of the EORTC-QLQ-CML24 was 22 (SD 15.5). Satisfaction with care and information was 
rated 19.0 (SD 27.9) and impact on daily life 17.5 (SD 17.5). On the PAM-13, almost a third of the 
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Table 1. Baseline characteristics

% (n)

Age (years)

18-24 1.5 (3)

25-34 4.0 (8)

35-44 6.1 (12)

45-54 22.2 (44)

55-64 28.3 (56)

65-74 26.3 (52)

≥ 75 11.6 (23)

Sex

Male 45.2 (89)

Female 54.8 (108)

Educational level

University education 10.2 (20)

Upper secondary education 28.6 (56)

Compulsory education 56.6 (111)

Other 4.6 (9)

TKI therapy

Imatinib 32.8 (64)

Nilotinib 16.9 (33)

Dasatinib 19.0 (37)

Bosutinib 8.7 (17)

Ponatinib 3.6 (7)

Discontinued TKI therapy 19.0 (37)

First-line TKI therapy 39.0 (78)

Hospital

University Medical Center 78.7 (155)

Non-university medical center 21.3 (42)

Perceived health rating

Excellent 7.6 (15)

Very good 14.7 (29)

Good 48.7 (96)

Fair 27.4 (54)

Poor 1.5 (3)
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Table 2. Mean scores on perception of information provision, quality of life, patient activation and 
eHealth literacy (EORTC-QLQ-INFO25, EORTC-QLQ-C30, EORTC-QLQ-CML24, PAM13 and eHEALS, respectively)

EORTC-QLQ-INFO 25 N Mean (SD)

Information on the disease (items 31-34) 197 56.2 (21.4)

Information on tests (items 35-37) 197 63.8 (23.6)

Information on treatment (items 38-43) 196 48.9 (21.1)

Information on other services (items 44-47) 196 16.7(22.0)

Global score (all items) 198 42.8 (18.2)

Satisfied with amount of information on a scale from 1 (not at all) to 4 
(very much) 

196 2.79 (0.76)

EORTC-QLQ-C30

Global health status/ QoL 197 76.6 (17.3)

Physical functioning 199 83.7 (17.0)

Role functioning 198 78.8 (26.2)

Emotional functioning 197 83.4 (22.1)

Cognitive functioning 197 81.7 (21.3)

Social functioning 197 84.9 (21.2)

Fatigue 198 31.4 (25.1)

Nausea and vomiting 198 7.9 (15.3)

Pain 198 18.1 (24.1)

Dyspnea 198 19.5 (25.8)

Insomnia 197 23.5 (27.7)

Appetite loss 197 9.1 (18.9)

Constipation 193 8.1 (17.6)

Diarrhea 196 11.4 (22.4)

EORTC-QLQ-CML24*

Symptom burden 198 22.8 (15.5)

Impact on worry/mood 65 16.1 (15.2)

Impact on daily life 59 17.4 (17.5)

Satisfaction with care and information 60 67.8 (33.7)

Body image problems 63 19.0 (27.9)

Satisfaction with social life 62 66.1 (34.9)

Patient Activation Measure-13 (PAM13) % (N)
Level 1 11.7 (21)
Level 2 20.1 (36)
Level 3 47.5 (85)
Level 4 20.7 (37)

eHealth Literacy (eHEALS) N Mean (SD)
Total score 187 25.6 (8.3)

*Regarding the system missing in all subscales except symptom burden: we have compared scores on the symptom 
burden subscale between the system-missing group (all other subscales system-missing) and the non-missing group (not 
all subscales system-missing): mean difference 1.2 score, p 0.13. This suggests that the scores of the non-missing group 
on the other five subscales are representative for both groups.
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patients scored level 1 or 2 (11.7% and 20.1%, respectively). Regarding eHealth literacy, a third of 
the patients reported to know which, where and how to find useful health information and only a 
quarter reported to be able to tell high quality health resources from low quality health resources 
on the internet. 
When more information was desired (n=70), the most reported subjects were: management of 
adverse events (in general and by patient self), current updates and information on CML in general, 
meaning of blood tests, terminology, long-term effects of disease and medication, prognosis, 
pregnancy and effect on work and sexuality. When less information was desired (n=7), no specific 
subjects were mentioned, the only 2 reports were “information of treating physician was good” and 
“too much information at the same time”. 

determinant analysesdeterminant analyses
Multivariate linear regression and logistics regression analyses showed that age ≥65 years (OR 0.24, 
p<0.01), lower education (OR 0.37, p<0.05) and more time since diagnosis (OR 0.56, p<0.05) were 
positively associated with the wish for more information (Table 3). TKI therapy was associated with 
higher perceived levels of receiving information on tests (β 0.98 p<0.05). Years since diagnosis was 
negatively associated with perceived information on disease (β -0.29 p<0.01) and treatment (β -0.25 
p<0.05). Higher scores on the PAM-13 were associated with higher perceived levels of receiving 
information on disease (β 0.28 p<0.05), tests (β 0.26 p<0.01), treatment (β 0.39 p<0.01), other 
services (β 0.40 pp<0.01 ), and global score (β 0.45 p<0.01). No significant effect of PAM-13 score 
on wish for either more or less information was found. A higher score on eHEALS was positively 
associated with the wish for less information (OR 0.13, p<0.05). QoL scores were not associated with 
EORTC-QLQ-INFO25 subscales. 

user statisticsuser statistics
In 2017, CMyLife had 6 334 visitors and 338 registered user accounts. On average, 5.2 pages were 
visited per session. Mean time spent per page was 46 seconds. For 2018, numbers were as follows: 
9 159 visitors, 472 registered accounts, 4.1 page visited per session, mean session duration of 2.7 
minutes and 53 seconds per page. For 2019, numbers were 14 448, 625, 4.6, 2.9 minutes, and 55 
seconds, respectively.
Most visited pages after the homepage were pages containing the patient forum and information on 
the disease CML, CML research, and adverse events of medication in 2017 (Table 4). This remained 
roughly the same in 2018 and 2019, the small difference explained by the advent of a news blog. 
View rates for pages regarding life with CML are shown in Table 5.
For all three years, pages on fatigue and medication adverse events were the only pages with an 
average time spent of more than 2 minutes. Electronic devices used to visit CMyLife in 2017 and 2018 
was in about 53% a desktop and 33% a mobile phone, in 2019 this was more equally distributed. 
Tablets were used in 12-14% in all 3 years. 



Filling the gaps of patient information with CMyLife

157

8

Ta
bl

e 
3.

 S
ta

nd
ar

di
ze

d 
be

ta
s (

β 
)o

f m
ul

tiv
ar

ia
te

 li
ne

ar
 re

gr
es

si
on

 a
nd

 o
dd

s r
ati

os
 (O

R)
 o

f l
og

is
tic

 re
gr

es
si

on
 a

na
ly

se
s e

va
lu

ati
ng

 th
e 

as
so

ci
ati

on
 o

f i
nd

ep
en

de
nt

 
va

ria
bl

es
 w

ith
 th

e 
in

fo
rm

ati
on

 p
ro

vi
si

on
 su

bs
ca

le
s

Di
se

as
e

(β
)

Te
st

s
(β

)
Tr

ea
tm

en
t

(β
)

O
th

er
 S

er
vi

ce
s

(β
)

G
lo

ba
l

(β
)

M
or

e 
in

fo
O

R 
(9

5%
 C

I)
Le

ss
 in

fo
 

O
R 

(9
5%

 C
I)

Se
x

M
al

e
Re

f
Re

f
Re

f
Re

f
Re

f
Re

f
Re

f

Fe
m

al
e

0.
01

3
0.

38
1.

3 
0.

00
0.

63
 

0.
84

 (0
.3

7-
1.

90
)

0.
12

 (0
.0

1-
1.

98
)

Ag
e

U
nd

er
 6

5 
ye

ar
s

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

65
 y

ea
rs

 a
nd

 o
ld

er
0.

70
0.

72
 

0.
66

 
0.

48
 

0.
61

 
0.

24
 (0

.1
0-

0.
61

)*
*

4.
47

 (0
.2

2-
41

.1
6)

Tr
ea

tm
en

t h
os

pi
ta

l

Ac
ad

em
ic

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

N
on

-a
ca

de
m

ic
-0

.2
2 

0.
48

 
-1

.3
4

-2
.1

 
-1

.1
8 

1.
11

 (0
.3

8-
3.

34
)

2.
33

 (0
.1

2-
46

.1
6)

 

Ed
uc

ati
on

Hi
gh

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

Lo
w

-0
.3

5 
-0

.1
1 

0.
33

 
-0

.8
5 

-0
.2

7 
0.

37
 (0

.1
4-

0.
96

)*
0.

59
 (0

.0
3-

10
.3

1)

He
al

th
 ra

tin
g

Go
od

-e
xc

el
le

nt
Re

f
Re

f
Re

f
Re

f
Re

f
Re

f
Re

f

Po
or

-fa
ir

-0
.7

5 
 

-0
.6

0 
-1

.1
1 

-0
.3

2 
-0

.9
4 

1.
78

 (0
.6

4-
4.

99
) 

1.
21

 (0
.0

6-
23

.2
3)

Th
er

ap
y

TF
R

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

Re
f

TK
I

0.
24

0.
97

 *
0.

37
 

-0
.3

2 
0.

25
2.

10
 (0

.6
8-

6.
43

) 
1.

41
 (0

.0
3-

60
.2

6)
 

Li
ne

 T
KI

 th
er

ap
y

Fi
rs

t-l
in

e 
TK

I
Re

f
Re

f
Re

f
Re

f
Re

f
Re

f
Re

f

Su
bs

eq
ue

nt
-li

ne
 T

KI
0.

87
0.

94
 

0.
76

0.
99

 
0.

96
 

1.
10

 (0
.4

5-
2.

57
)

0.
35

 (0
.0

1-
9.

31
) 

Ye
ar

s s
in

ce
 d

ia
gn

os
is

-0
.2

9 
**

-0
.2

5 
*

-0
.1

1 
-0

.0
2 

-0
.1

7 
0.

56
 (0

.3
5-

0.
90

)*
0.

84
 (0

.2
1-

3.
33

) 

Q
oL

 (E
O

RT
C-

Q
LQ

-C
30

)
0.

06
 

0.
16

 
0.

09
 

0.
13

 
0.

12
 

0.
74

 (0
.4

5-
1.

21
) 

0.
28

 (0
.0

6-
1.

21
) 

eH
EA

LS
 sc

or
e

0.
15

0.
02

9
0.

05
0.

01
0.

05
0.

96
 (0

.6
0-

1.
55

)
0.

18
 (0

.0
4-

0.
93

)*

*p
<0

.0
5 

**
p<

0.
01

. N
.B

. C
on

si
de

rin
g 

th
e 

st
ro

ng
 c

or
re

la
tio

n 
be

tw
ee

n 
th

e 
Q

oL
 s

ub
sc

al
e 

fr
om

 E
O

RT
C-

Q
LQ

-C
30

 a
nd

 s
ym

pt
om

 b
ur

de
n 

su
bs

ca
le

 fr
om

 E
O

RT
C-

Q
LQ

-C
M

L2
4 

(r
=-

0.
6)

, o
nl

y 
Q

oL
 w

as
 

us
ed

 in
 a

na
ly

se
s.



158

Chapter 8

Table 4. Mean visits per month of CMyLife webpages in the year 2017, 2018 and 2019

Title of webpage (/subpage) Mean visits/month

Year 2017 2018 2019

Homepage 1458 907 1184

Newsblog 75 193 213

Patient forum 102 111 124

Diagnosis of CML 50 83 113

What is CML? 135 187 260

What is CML/ Symptoms 80 81 157

What is CML?/ CML video 33 30 136

Medication and side effects 137 171 211

CML Treatment 63 92 138

CML research 92 73 88

CML guideline 80 84 86

Living with CML/ Fatigue 79 71 127

Living with CML/ Sports & Movement 37 41 63

Living with CML/ Work & Income 34 29 44

Living with CML/ Mortgage 27 28 30

Table 5. Mean visits per month of the pages life with CML for the years 2017, 2018 and 2019

Title of webpage Mean visits/month

Year 2017 2018 2019

Video – Life with CML 33 31 38

Fatigue 154 89 135

Mortgage and insurances 27 28 35

Sport and exercise 37 41 45

Work and income 34 30 33

Information for employer N/A 4 25

N/A: not applicable, page was developed in 2018
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DISCUSSION 

In our study, before the use of the CMyLife platform, a below average mean global score on the 
EORTC-QLQ-INFO25 was reported. Satisfaction with amount of information provided was rated 
slightly above average. Written information was provided in most cases, though a substantial group 
desired to receive more information. Information provision on other services, such as help outside 
of the hospital, rehabilitation and psychological services, was rated particularly low. More than half 
of the patients reported to have received no information on psychological support, dealing with the 
disease at home, or effects on sexuality. Older age, duration since diagnosis, and lower educational 
level were associated with a need for more information. Contrastingly, higher patient activation and 
eHealth literacy were associated with higher reported levels of received information and a need for 
less information, respectively. Regarding CMyLife’s traffic, information pages concerning medication 
and side effects were visited most frequently. Pages on fatigue and side effects were visited the 
longest. Although information provision on other services was reported low, pages regarding these 
subjects were visited moderately. 
Direct comparison of our results with other CML populations or hematological malignancies is 
difficult due to the paucity in studies. The one study regarding information on TKI treatment 
supports our reported need for information on side effects.31 Symptom scales fatigue, insomnia and 
dyspnea in our study were scored high compared to cancer patients in general,40 yet in line with CML 
literature.41, 42 These scores, together with side effects being the main reason of intentional non-
adherence in CML, emphasize the need for improvement.43-45

Compared to other malignancies, perceived information scores vary among type of cancer, although 
they are roughly comparable on the subscales disease, tests, treatment and global score.46-49 In 
all these studies information on other services was scored the lowest of all subscales. Still, even 
compared to these rates, the score on other services was remarkably low in our study. In contrast, 
need for more information was reported the lowest in our study. Nevertheless, this concerned more 
than a third of the patients and their needs should be explored. eHealth literacy was positively 
associated with the need for less information. Perhaps eHealth literate patients preferred online 
information sources or found an adequate amount of information online. 
A variety in (mobile) interventions aimed at meeting cancer patients’ information needs have 
been developed, yet their effect in clinical trials have not yet been established.50-53 Few other, non-
RCT, studies reported variable information needs, usage of information sections, and page visits 
among different cancer types.54-57 Patient involvement in developing interventions is therefore 
indispensable.57 When interviewed about their needs most cancer patients in general reported a 
need for informational features that would help them in self-management of their cancer.58 Besides, 
in qualitative studies, patients do report a perceived added value of information provision platforms. 
The way we measure information provision itself could be one of the reasons a beneficial effect 
is not established in clinical trials. Other factors include, among others, the scarcity in studies 
regarding information needs in minorities (based on ethnicity, socioeconomic status and/or age) and 
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a mismatch in readability  level between the patient and provided information.  
Possible explanations for higher information needs in older patients comprise a higher prevalence 
of comorbidities and functional decline, a difference in disease perception and knowledge,59 less 
active participation and lower confidence during consultations,60 and more difficulty processing and 
remembering information.61, 62 Or, there might be a mismatch in content or manner of provision, rather 
than in amount of information. Younger patients might prefer looking for additional information 
online when it suits them, while older patient might prefer information supplied by their HCP.63 The 
role of educational level could  be explained by a higher patient activity in more educated patients, 
a mismatch in readability levels,64, 65 and the familiarity they might have with using the Internet of 
books for information-seeking, compared to lower educated patients.66 Besides, the latter might 
ask fewer questions and experience greater difficulty in communicating preferences.67 Reasons that 
duration since diagnosis is associated with more information needs might be decreased recall or 
changing information needs during disease course.2, 14, 68, 69 

Regarding CMyLife’s traffic, pages on basic medical information (e.g. CML, treatment, symptoms) 
were visited the most and information on living with CML less often. This confirms the need for basic 
information with a higher need for medical than psychosocial information.24 As to low perceived 
information provision on other services, however, one could have expected that pages concerning 
life with CML would have been visited more often. Considering the limited eHealth literacy rates, the 
pages could have been too difficult to find, or there may be a gap in needs and information provided. 
A more passive role is reported to be associated with lower perceived information provision.35, 46, 70 
Most patients in our study scored a high activation level (i.e. level 3 or 4), in other words,  are  taking 
action and control in their own care process or is maintaining this behavior. Higher PAM-13 scores 
were positively associated with almost all information perception subscales. Still, a third scored 
level 1-2, e.g. tend to be passive and feel overwhelmed by, and lack knowledge and confidence to 
manage their own health.36 Patient activation is also a strong predictor for seeking and using health 
information, more than functional health literacy.71 Therefore, we do not know whether CMyLife was 
used by less activated patients. CMyLife’s aim is to enhance patient empowerment and to provide 
patients with tools to do so, we should focus more on this group of patients and further explore their 
needs in future research. 
The continuous registration of  new user accounts on CMyLife over the years implicates that there is 
a need for such an intervention. CMyLife has potential to enhance information provision, although 
there are a few improvements to be made. First, information should be more adjusted to the 
individual. Age, time since diagnosis and educational level are of influence in perceived information, 
and specific needs within these groups should be further explored and processed in CMyLife. To 
date, some determinants such as treatment and disease phase (i.e. chronic phase) are incorporated 
in CMyLife, though other important factors such as health literacy, educational level, and age are not. 
Second, content of information should be expanded. Substantial proportions of patients in this study 
did not recall to receive any information on patient organizations, effects of treatment on social and 
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family life, and effects on sexual life, and not all of these topics are currently covered by CMyLife. 
Again, patient-tailored information provision is crucial to ensure patients know where to find it and 
how to use it. 
Last, adjustment of information does not only apply to the provided content, as well as its timing , 
as another contributing factor to the gaps in information provision may be recall of information. Of 
the medical information provided during consultations is 40-80% either forgotten or remembered 
incorrectly.72 This is worsened by anxiety, which can be expected in cancer patients.72, 73 In 
hematological cancer patients, 20-28% reported inadequate on recall of information, information 
overload, insufficient opportunity to ask questions and inadequate information provision about 
managing anxiety associated with a procedure or treatment.33 A solution could be the provision 
of information in a sequential or repetitive manner. For instance, patients receive references 
to information sources a few hours or even days after consultation, which can be sent by mail, 
email, text message or by a web-based platform such as CMyLife, based on patients’ preferences. 
Consequently, patients can chose themselves when and whether they retrieve information, in what 
amount and on which subject.
Limitations of our study mainly relate to the generalizability of our results. User data derived from 
Google Analytics are aggregated data and it remains of question whether they truly are a measure 
for user behavior. Time spent on a page does not equal time spent actually reading the page. 
Furthermore, recall bias could have occurred when filling out the questionnaires. Finally, except for 
the symptom burden scale, there are some system missing on the EORTC-QLQ-CML-24 questionnaire. 
However, when comparing means on non-missing items between the groups (system missing versus 
non-missing) there was no statistical difference, so no selection had occurred.

conclusionconclusion
Information provision in current Dutch CML care is suboptimal. Although satisfaction with information 
provided was rated about average, information perception concerning disease and treatment-related 
topics in relation to everyday life was rated low and extra information was desired by more than a 
third of patients. Older age, lower education, and duration since diagnosis were positively associated 
with this desire. A considerable proportion of patients had a low patient activation level, hesitating to 
manage their own health and lacking knowledge and confidence to do so. Patient-centered strategies 
to improve information provision should focus on this group to enhance patient empowerment. 
Furthermore, many patients searched for additional information online, even though they reported 
low rates of having the know-how where to find useful health information and how to distinguish 
high and low quality information sources. This implies a need for an understandable and trustworthy 
information source, such as the CMyLife platform. Patients need to find it though, and references 
by HCPs and/or patient organizations are important. Information on the platform is actively used 
by patients. Though its content comprises many topics, this study shows room for improvement to 
further adjust content to patients’ needs and preferences. Evaluation processes such as described 
in this study are dynamic and continue to improve the adjustment of the platform to the patient, in 
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order to achieve patient-centeredness where the patient is able to choose the amount, topics, time 
and manner of information provision. 

practice implications practice implications 
CMyLife has the potential of improving information provision in current CML care, although there 
is room for improvement. Online information seeking is common and patients report to have 
difficulties in finding current, good-quality and reliable information. Therefore, HCPs and patient 
organizations need to refer to CMyLife in order to make patients aware of its existence and reliability. 
HCPs may facilitate patient adoption by browsing through CMyLife together during consultation 
and supply the patient with a leaflet for at home. CMyLife could serve as a dynamic information 
source, which can be used complementary to the information provided by hospitals. As the fear for 
an increased workload is one of the major reported barriers in HCP adoption of such platforms,74-77 
an appointment following consultation with an on-site specialized e-nurse to support patients’ use 
may facilitate patient adoption as well.  CML represents only a small share of the hematological 
malignancies. Hence, the current extension to an adapted digital care platform for patients with 
other hematological malignancies (e.g. multiple myeloma, chronic lymphocytic leukemia) could, 
once constructed, make it more time-worthy for HCPs to invest effort in CMyLife.
To truly tailor information provision to patients, research and innovations should focus on gaining 
insights in information needs of the individual patient, in a longitudinal manner during the disease 
course. Frequent assessments should take place, with options to log them, so patients can prepare 
their consultation and provide HCPs an overview of their desires, comparable to the increasing 
assessment of other patient reported outcomes such as experienced symptoms and disease burden.  

HIGHLIGHTS

 » A lack of information on non-hospital services and therapy effects is reported.

 » Age, education and time since diagnosis are predictors in need for more information.

 » Empowered patients reported a higher perceived information provision.

 » Information should be tailored to the individual in content, manner and timing. 

 » Information on medication and side effects was successfully consulted at CMyLife. 
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ABSTRACT 

BACKGROUND The two most important factors determining treatment success in chronic myeloid 
leukemia (CML) are adequate medication compliance and molecular monitoring, but both are still 
suboptimal. The CMyLife platform is an eHealth innovation aiming to improve care for CML patients. 
METHODS In a patient-preference trial we explored the effectiveness of CMyLife in terms of 
information provision, patient empowerment, medication compliance, molecular monitoring, and 
quality of life. This was evaluated by using questionnaires and comparing the scores between the 
intervention group (patients who agreed to actively use CMyLife) and the questionnaire group 
(patients who did not actively use CMyLife) with regard to the within-subject change between 
baseline and post-measurement using Generalized Estimating Equation models. 
RESULTS Online health information knowledge improved significantly when actively using CMyLife 
and patients felt more empowered. No significant improvements were found regarding medication 
compliance and molecular monitoring, which were already outstanding. However, self-reported 
effectiveness showed that patients experienced that using CMyLife improved their medication 
compliance and helped them to oversee their molecular monitoring. Patients using CMyLife reported 
more symptoms but were better able to manage these. 
CONCLUSION In the future, an iterative process of assessing patients’ needs and further adjustment 
of CMyLife is required, to keep care patient-centred.
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INTRODUCTION

To meet the growing burden of chronic diseases, the World Health Organization reported that 
healthcare systems must reorganize and that innovative approaches are essential.1 Cancer has 
become a notable proportion of these chronic diseases, as life expectancy of oncology patients 
has increased substantially due to new technologies, earlier diagnosis and better treatments.2, 3 An 
example of such an oncologic chronic disease is chronic myeloid leukemia (CML). Since tyrosine kinase 
inhibitors (TKIs) have been used as treatment the life expectancy of CML patients has increased. It 
approaches that of the general population, if patients have optimal responses to the treatment.4, 5

The two most important factors that determine treatment success are patients’ medication 
compliance and adequate molecular monitoring of BCR-ABL1 values according to evidence-based 
guidelines 6. The BCR-ABL1 value is a disease-specific biomarker that accurately reflects the course of 
the disease and the treatment response 6. This monitoring of disease activity in accordance with the 
guidelines is associated with a reduced risk of progression and mortality,7 improved TKI adherence,8 
and lower healthcare costs.9 Treatment-free remission has become an additional treatment goal, 
where TKI treatment can be safely discontinued without relapsing.10 However, guideline adherence 
is still suboptimal and tends to be lower in hospitals, which are less experienced in treating CML 
patients.7, 11 Hence, patients could play an important role in guarding their own molecular values. 
This shift to more involved and empowered patients, and ultimately to hospital-free care, needs a 
patient-centred approach, based on eHealth.12-16 eHealth could provide patients with tools to oversee 
and guard the progress and accuracy of their treatment. If they have any questions they could get 
in touch with their healthcare provider (HCP) to monitor their treatment. Therefore, eHealth could 
be a promising medium for patients to easily monitor their molecular levels from home. Besides, 
eHealth enables patients to monitor their medication compliance, provides patients with access 
to care efficiently, enables interactive patient-provider communication, and helps them to access 
and understand medical information more readily.15, 16 Hence, eHealth seems to have considerable 
potential and added value, as it may give patients the chance to get sufficient information and care 
from home and only visit the hospital when absolutely necessary. Feasibility of eHealth platforms is 
extensively investigated, but insight into their effectiveness in haematological malignancies is scarce. 
CMyLife is an example of such an eHealth innovation and was co-created with and for CML patients.17 
CMyLife aims to provide CML patients with tools and knowledge to control their care process and 
improve their medication compliance and molecular monitoring. This could eventually lead to an 
increased quality of life and the opportunity of hospital-free care. eHealth innovations such as 
CMyLife seem to be promising in reaching these goals. This paper explores the effectiveness of the 
CMyLife platform in terms of information provision, patient empowerment, medication compliance, 
molecular monitoring, and quality of life of CML patients.
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METHODS

design design 
A patient-preference trial was performed in order to gain insights into the effectiveness of CMyLife 
in terms of information provision, patient empowerment, medication compliance, molecular 
monitoring of BCR-ABL1 values, and quality of life of CML patients. In this trial patients could choose 
between actively or not actively using CMyLife, including a pre- and post-measurement. The study 
period lasted from July 2019 to October 2020. Given the nature of this study and the low impact 
on participants, the Medical Research Involving Human Subjects Act (Dutch: WMO) does not apply, 
as confirmed by the institutional Medical Ethical Committee ‘CMO Regio Arnhem-Nijmegen’ (file 
number 516006001).

study population study population 
HCPs approached their patients for participation in this study in five academic and seven large non-
academic hospitals, spread over the Netherlands. In addition, participants were recruited through 
the website of the Dutch patient advocate association Hematon and via the CMyLife website  (www.

cmylife.nl). Upon participation in the study, all participants signed informed consent. The study 
population consisted of patients in chronic phase CML who were treated with first or second line 
TKIs. Patients treated with second line TKIs were only allowed to participate if they had switched 
TKIs as a result of intolerance but not because of treatment failure. Patients were excluded if they 
were in treatment-free remission, in acceleration phase, in blast crisis, or if pregnancy was planned 
in the study period.
Patient preference was leading in determining group enrolment. Patients who agreed to actively 
use CMyLife for at least six months were enrolled in the treatment group; patients who did not 
were enrolled in the questionnaire group. Active use in the intervention group comprised receival 
of adequate support in how, when and why they could and should use CMyLife. Patients in the 
questionnaire group were aware of the existence of CMyLife and the website remained accessible for 
them. However, they received no support. After enrolment participants received a written baseline 
questionnaire by mail. Upon completion of the baseline questionnaire, participants actively used 
(intervention group) or did not actively use (questionnaire group) CMyLife for at least six months, 
after which they completed the post-intervention questionnaire. 

interventionintervention
The development and features of the CMyLife platform were described in detail elsewhere.17 

CMyLife facilitates CML patients with a website, a medication app, guideline app, and a personal 
health environment. All data were secured and conform the General Data Protection Regulation. 
In accordance with the Dutch security guideline (NEN7510), features containing data from the 
hospital’s electronic health record (for example, laboratory results) were secured with a two-step 
validation with a token received via an SMS text message. 
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The website provides accurate and easy to understand information about the disease, medication, 
guidelines, side effects, and the effect on daily life (work, sports, mortgage etc.). It is provided 
with a question and answer functionality, where patients can receive answers from specialized 
haematologists and pharmacists. In addition, patients can communicate with other patients, to 
share information or ask questions (via a password protected forum). 
The medication app is used to optimize medication compliance and support patients in preparing the 
consult with their HCP by allowing patients to set medication alarms, register their medication intake, 
request for repeat medication prescriptions and read the information leaflet of the medication they 
are taking.18 In addition, they can log the side effects they experience, which can be shared with their 
HCPs through their personal health environment. The medication app also includes an option that 
enables patients to record the consultation with their HCP. 
The guideline app displays scheduled blood checks and appointments with haematologists, sends 
monitoring reminders,19 and shows an understandable explanation of patients’ BCR-ABL1 values and 
of the Dutch treatment guidelines. This enables patients to compare their values to the guideline’s 
targets, and when they differ, act accordingly.
Patients can save their own medical records in their personal health environment, consisting of a 
Patient Knows Best portal.20 They can determine which information they store in their personal health 
environment and with whom they share it (easily adjustable by turning off or on their informed 
consent). For example, they can share their side effects with their HCP in order to discuss them.

data collectiondata collection
At baseline, all participants completed a survey containing patient characteristics (i.e. 
sociodemographics, CML related information) and Dutch translated and validated questionnaires 
exploring the effectiveness of CMyLife in terms of information provision, patient empowerment, 
medication compliance, molecular monitoring and quality of life. Six months later, patients completed 
the post-intervention questionnaire containing the same validated questionnaires. The post-
intervention questionnaire of patients in the intervention group included additional questions about 
self-reported effectiveness. Regarding information provision, familiarity with CML related concepts 
(Table 2) was rated on a scale from 1 to 6. Information provision, eHealth literacy (patients’ ability 
to find and evaluate online health information), patient empowerment and medication compliance 
were measured using the validated questionnaires EORTC QLQ-INFO25,21 eHealth Literacy Scale 
(eHEALS),22 Patient Activation Measure (PAM),23-25 and the Medication Adherence Rating Scale 
(MARS),26 respectively. The MARS was supplemented with patients’ self-reported effectiveness on 
medication compliance in the post-measurement of patients in the intervention group. Adequate 
molecular monitoring was measured using the frequency of hospital visits in the past twelve months 
and was supplemented with patients’ self-reported effectiveness on their molecular monitoring 
in the post-measurement of patients in the intervention group. Quality of life and disease-specific 
quality of life were measured using the EORTC QLQ-C30,27 and the EORTC QLQ-CML24,28 respectively. 
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analysis analysis 
Measurements were processed anonymously, and analyses were performed with SPSS version 
25 (IBM Corp). Descriptive statistics were used to describe the basic features of the participants. 
Attrition bias was evaluated between baseline and post-measurements. The EORTC QLQ-INFO25, 
eHEALS, PAM, MARS, EORTC QLQ-C30 and the EORTC QLQ-CML24 were scored according to their 
manuals. In addition, all individual items on the EORTC QLQ-INFO25 and the EORTC QLQ-CML24 
were analysed to get better insight in information gaps in CMyLife and in symptoms and problems 
of CML patients to improve CMyLife. The effectiveness of CMyLife was evaluated by comparing the 
scores between the intervention and questionnaire group with regard to the within-subject change 
between baseline and post-measurement using Generalized Estimating Equation models. If basic 
characteristics differed significantly between groups, p-values were corrected for these variables. 
Except for the self-reported effectiveness, all differences shown in the results are referring to the 
differences between intervention and questionnaire groups with regard to the within-subject change 
between baseline and post-measurement. 

 
RESULTS 

patient characteristics patient characteristics 
In total, 116 CML patients applied to participate in this study. Four patients dropped out, and four 
patients were excluded (stopped or never used TKIs). At baseline, 33 patients were enrolled in the 
questionnaire group and 75 in the intervention group. After six months, 29 patients filled in the post-
intervention questionnaire (88% response) in the questionnaire group. During the six-month study 
period, eight patients in the intervention group stopped their participation, which led to 57 patients 
filling in the post-intervention questionnaire (85% response). Attrition bias between pre- and post-
measurements was evaluated and not detected. Table 1 summarises patient characteristics. In the 
questionnaire group, 64% were female, and 64% were aged ≥65. In the intervention group, 38% 
were female, and 40% were aged ≥65. In both groups, slightly more than 40% of participants had 
not used CMyLife before participating in this study. Gender, age, education, and whether patients 
had previously been treated with TKIs differed significantly between groups (Table 1). Therefore, all 
p-values were corrected for these variables. 

information provisioninformation provision
Table 2 shows patients’ familiarity with disease related concepts. During the study period, patients 
in the intervention group became significantly more familiar with the patient association Hematon 
compared to patients in the questionnaire group (p=0.023). For the other concepts, no statistically 
significant differences were found between the groups. However, in the intervention group, a clear 
trend towards better familiarity with the concepts was seen. 
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Table 1. Baseline characteristics

Baseline characteristics Questionnaire 
group (n=33)

Intervention group 
(n=75)

P value

Gender, n (%) 0.013

Male 12 (36.4) 46 (62.2)

Female 21 (63.6) 28 (37.8)

Age (years), n (%) 0.022

18-64 12 (36.4) 44 (60.3)

65 and older 21 (63.6) 29 (39.7)

Education level, n (%) 0.000

High 10 (30.3) 39 (52.7)

Middle 7   (21.2) 26 (35.1)

Low 16 (48.5) 9   (12.2)

Years since diagnosis, (mean ± SD) 6.7 ± 5.2 6.3 ± 6.2 0.724

Previously used CMyLife, n (%) 0.915

Yes, website 12 (36.4) 25 (33.3)

Yes, medication app/guideline app/otherwise 6   (18.2) 16 (21.3)

No, not yet 14 (42.4) 31 (41.3)

Currently used TKI, n (%) 0.327

Yes, imatinib 16 (45.7) 44 (60.3)

Yes, Otherwise* 16 (45.7) 29 (39.7)

Previously treated with TKI, n (%) 0.007

Yes 20 (62.5) 25 (34.2)

No 11 (37.5) 48 (65.8)

Hospital visits in the past 12 months, n (%) 0.186

zero 0   (0.0) 2   (2.7)

1 time 3   (9.1) 2   (2.7)

2 times 0   (0.0) 6   (8.1)

3 times or more 30 (90.8) 64 (86.5)
*mostly dasatinib and nilotinib. TKI: tyrosine kinase inhibitor
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Table 2. Patients' familiarity with CML related concepts questionnaire vs intervention group

Questionnaire group Intervention group

Not (at all) familiar with under-
mentioned concepts: 

Pre 
(n=33) 
%

Post 
(n=29)  
%

Δ Pre 
(n=75)  
%

Post 
(n=57) 
%

Δ Corrected 
p value

Philadelphia chromosome (t9;22) 25.1 20.7 -4.4 12.3 8.9 -3.4 *

BCR-ABL1 20.0 7.4 -12.6 12.3 5.3 -7 0.323

Tyrosine Kinase Inhibitor 33.3 29.6 -3.7 26.0 8.9 -17.1 0.054

Remission 40.0 40.7 0.7 30.6 18.5 -12.1 0.177

Log reduction (for BCR-ABL1) 62.1 63.0 0.9 57.5 49.1 -8.4 0.440

Hematological response/remission 46.7 48.1 1.4 44.4 32.1 -12.3 0.218

Cytogenetic response/remission 69.0 66.5 -2.5 59.2 50.9 -8.3 0.360

Molecular response/remission 67.9 59.3 -8.6 47.2 34.5 -12.7 0.879

Major Molecular Remission (MMR) 67.9 61.6 -6.3 60.6 50.0 -10.6 0.794

Complete Cytogenetic Remission 
(CCyR)

72.4 57.7 -14.7 63.4 55.6 -7.8 0.265

Treatment-free Remission (TFR) 82.1 65.4 -16.7 68.1 49.1 -19 0.639

Hematon 44.8 34.6 -10.2 42.3 18.2 -24.1 0.023
P-value shows the difference between intervention and questionnaire with regard to the within-subject change 
between baseline and post-measurement. Δ= difference between pre- and post-measurements 
*P-value could not be determined due to limited number of participants 

Table 3 shows the percentage of patients who reported to receive no or little information on all 
individual information items. After the study period, information on “additional help outside the 
hospital” scored significantly better in the intervention group compared to the questionnaire group 
(p=0.025). Several items showed a trend towards better information provision in the intervention 
group when compared to the questionnaire group (e.g. diagnosis, extent spread, possible causes of 
the disease, and expected effects and possible side effects of treatment). Table 4 shows scores on 
perceived information provision on the different EORTC-scales. There was no significant difference 
between the two groups although all information scales show a trend towards better information 
provision in the intervention group. 

ehealth Literacyehealth Literacy
Table 5 shows mean scores on eHealth literacy. Results from the eHEALS showed that both groups had 
comparable competences before the study period. After the study period, patients’ knowledge on 
where to find helpful health resources on the internet was significantly improved in the intervention 
group when compared to the questionnaire group (p=0.032). Furthermore, the intervention group 
showed a trend towards better eHealth literacy after the study period. 
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Table 3. Percentage of CML patients who perceived to receive no or little information per item 
questionnaire vs intervention group

Questionnaire group Intervention group

No or little information about: Pre 
(n=33) 
%

Post 
(n=29)  
%

Δ Pre 
(n=75)  
%

Post 
(n=57) 
%

Δ Corrected 
p value

The diagnosis of your disease 30.3 31.0 0.7 26.4 17.9 -8.5 0.248

The extent (spread) of your disease 42.4 55.2 12.8 41.9 33.9 -8 0.133

The possible causes of your disease 68.8 65.5 -3.3 64.9 55.4 -9.5 0.505

Whether the disease is under 
control

18.2 17.2 -1 17.6 12.5 -5.1 0.281

The purpose of any medical tests 
you have had or may undergo

27.3 31.0 3.7 20.3 16.1 -4.2 0.448

The procedures of the medical 
tests

24.2 24.1 -0.1 23.0 16.4 -6.6 0.608

The results of the medical tests you 
have already received

18.2 10.3 -7.9 12.2 9.1 -3.1 0.622

The medical treatment 18.2 13.8 -4.4 13.5 9.1 -4.4 0.391

The expected benefit of the 
treatment

30.2 27.6 -2.6 18.9 9.1 -9.8 0.106

The possible side-effects of your 
treatment

54.5 35.7 -18.8 51.4 27.3 -24.1 0.688

The expected effects of the treat-
ment on disease symptoms

48.5 34.5 -14 41.9 27.3 -14.6 0.877

The effects of the treatment on 
social and family life

87.9 72.4 -15.5 81.1 72.7 -8.4 0.529

The effect of the treatment on 
sexual activity

83.9 82.8 -1.1 90.5 88.9 -1.6 0.940

Additional help outside the 
hospital

90.9 93.1 2.2 97.2 85.5 -11.7 0.025

Rehabilitation services 90.9 92.9 2 94.5 87.3 -7.2 0.155

Aspects of managing your illness 
at home

93.9 86.2 -7.7 87.7 85.5 -2.2 0.357

Possible professional psychological 
support

93.8 96.6 2.8 84.9 78.6 -6.3 0.163

Different locations of care 84.4 93.1 8.7 89.0 85.5 -3.5 0.155

Things that you can do to help 
yourself get well

75.0 78.6 3.6 78.1 78.2 0.1 0.402

P-value shows the difference between intervention and questionnaire with regard to the within-subject change between 
baseline and post-measurement.Δ= difference between pre- and post-measurements 
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Table 4. Mean scores (SD) on information provision (EORTC-QLQ-INFO25) questionnaire vs intervention 
group

Questionnaire group Intervention group

Scales Pre 
(n=33) 
Mean 
(SD)

Post 
(n=29)  
Mean 
(SD)

Δ Pre 
(n=75)  
Mean 
(SD)

Post 
(n=57) 
Mean 
(SD)

Δ Corrected 
p value

Information about

Disease 58.8 
(24.1)

57.2 
(22.5)

-1.6 57.1 
(21.1)

63.2 
(20.6)

6.1 0.115

Medical tests 71.7 
(24.2)

67.8 
(20.6)

-3.9 69.7 
(22.5)

70.0 
(22.2)

0.3 0.442

Treatments 48.1 
(18.4)

53.8 
(21.7)

5.7 50.2 
(19.1)

55.4 
(18.1)

5.2 0.854

Other services 12.4 
(18.1)

13.2 
(19.7)

0.8 16.4 
(18.6)

22.3 
(25.6)

5.9 0.252

Different location of care 
facilities

18.7 
(25.3)

10.3 
(20.1)

-8.4 16.9 
(24.3)

20.0 
(30.5)

3.1 0.052

How to help yourself 29.2 
(31.4)

29.8 
(30.5)

0.6 30.6 
(26.5)

33.3 
(30.1)

2.7 0.513

Received written information 68.8 
(47.1)

67.9 
(47.6)

-0.9 70.3 
(46.0)

71.4 
(45.6)

1.1 0.884

Received cd/video 6.06 
(24.2)

10.3 
(31.0)

4.24 5.48 
(22.9)

7.14 
(26.0)

1.66 0.538

Satisfaction with amount of 
information

43.4 
(25.7)

41.4 
(21.2)

-2 38.4 
(23.4)

36.4 
(20.6)

-2 0.865

Wish to receive more info 33.3 
(47.9)

31.0 
(47.1)

-2.3 45.9 
(50.2)

22.8 
(42.3)

-23.1 0.106

Wish to receive less info 66.7 
(47.9)

69.0 
(47.1)

2.3 54.1 
(50.2)

77.8 
(42.0)

23.7 0.105

Helpfulness of information 31.3 
(26.3)

34.5 
(26.4)

3.2 31.1 
(21.8)

32.1 
(22.2)

1 0.222

Global score 46.3 
(16.1)

46.7 
(17.0)

0.4 47.1 
(15.9)

51.2 
(16.5)

4.1 0.161

P-value shows the difference between intervention and questionnaire with regard to the within-subject change between 
baseline and post-measurement. Δ= difference between pre- and post-measurements  Scores between 0-100, higher 
scores mean more/better information and satisfaction
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Table 5. Mean scores (SD) on eHealth Literacy (eHEALS) per item questionnaire vs intervention group

Questionnaire group Intervention group

Item Pre 
(n=33) 
Mean 
(SD)

Post 
(n=29)  
Mean 
(SD)

Δ Pre 
(n=75)  
Mean 
(SD)

Post 
(n=57) 
Mean 
(SD)

Δ Corrected 
p value

I know what health resources are 
available on the Internet

4.03 
(0.67)

3.86 
(0.79)

-0.17 3.73 
(0.97)

3.95 
(0.77)

0.22 0.076

I know where to find helpful health 
resources on the Internet

4.03 
(0.73)

3.79 
(0.83)

-0.24 3.77 
(1.04)

4.04 
(0.69)

0.27 0.032

I know how to find helpful health 
resources on the Internet

3.88 
(0.82)

3.83 
(0.85)

-0.05 3.85 
(0.92)

4.04 
(0.69)

0.19 0.424

I know how to use the Internet to 
answer my health questions

3.67 
(0.82)

3.79 
(0.68)

0.12 3.69 
(0.98)

3.95 
(0.70)

0.26 0.543

I know how to use the health 
information I find on the Internet 
to help me

3.48 
(0.94)

3.59 
(0.73)

0.11 3.46 
(1.00)

3.77 
(0.76)

0.31 0.464

I have the skills I need to evaluate 
the health resources I find on the 
Internet

3.69 
(1.03)

3.86 
(0.79)

0.17 3.58 
(0.97)

3.96 
(0.76)

0.38 0.437

I can tell high-quality from low-
quality health resources on the 
Internet

3.47 
(1.05)

3.69 
(0.89)

0.22 3.46 
(1.05)

3.84 
(0.89)

0.38 0.703

I feel confident in using information 
from the Internet to make health 
decisions

3.31 
(1.15)

3.36 
(0.91)

0.05 3.26 
(1.10)

3.71 
(0.89)

0.45 0.110

P-value shows the difference between intervention and questionnaire with regard to the within-subject change 
between baseline and post-measurement. Δ= difference between pre- and post-measurements 
Scores between 0-5 with higher scores meaning better eHealth literacy.
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patient empowermentpatient empowerment
Figure 1 shows scores on patient empowerment. At baseline, 40% of the patients in the questionnaire 
group did not believe in their own role in treating their CML or did not have trust or knowledge to 
take action (level 1-2). After the study period, 35% of them was level 1 or 2. For the intervention 
group, these rates were 43% and 26%, respectively. 
Moreover, a standardized activation score (ranging from 0 to 100) was calculated, with higher scores 
indicating higher patient activation. There was no significant difference between the intervention 
and the questionnaire group (p=0.139). In the intervention group, a trend towards increased patient 
empowerment was observed. The mean PAM score of the questionnaire group increased from 60.5 
(SD=14.6) to 62.6 (SD=13.2) whereas the intervention group increased from 58.5 (SD=13.7) to 64.0 
(SD=12.4). 
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Figure 1. Patient empowerment levels (PAM-13 NL).
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medication compliancemedication compliance
A total score of patients’ medication compliance was calculated ranging from 5 to 25 with lower 
scores meaning better medication compliance. No statistical difference was found between the two 
groups (p=0.922). The mean total score of the questionnaire group increased from 5.3 (SD=0.92) 
to 5.4 (SD=1.00) whereas the intervention group increased from a mean score of 5.4 (SD=0.54) to 
5.5 (SD=0.82) after using CMyLife. Patients’ self-reported effectiveness showed that 34.2% of the 
patients in the intervention group reported that due to using the medication app they knew better 
why taking their medication properly is important. Additionally, 47.4% felt more motivated to take 
their medication properly and 28.9% had started to think differently about how important it is. Using 
the medication app stimulated 21.0% of the patients to search for help if necessary, it improved 
medication compliance of 42.1% of the patients, and 52.7% of them felt less insecure about it. 

molecular monitoring according to guidelines molecular monitoring according to guidelines 
In the questionnaire group, 90.8% of the patients visited the hospital 3 times or more at baseline 
versus 86.2% in the post-measurement. In the intervention group, these rates decreased from 86.2% 
to 78.9%. No statistical differences were found between the questionnaire and intervention group 
(p=0.685). In the self-reported effectiveness questionnaire, 44.0% of patients in the intervention 
group indicated that they were more aware of when they needed to get their BCR-ABL1 values 
checked, and 20.0% of them felt less insecure about it after using the guideline app. In addition, 
20.0% of these patients felt more motivated to get their BCR-ABL1 values checked timely when 
using the guideline app, and it stimulated 32.0% of them to contact their HCP if their response to 
the treatment was not sufficient according to the guidelines. Forty percent of the patients knew 
when treatment response was good and 20.0% of the patients started to think differently about how 
important it is to get their BCR-ABL1 values checked in time. Lastly, 32.0% of the patients reported 
to have more insight into their BCR-ABL1 values and its course. 

quality of lifequality of life
Table 6 and 7 show scores of the EORTC-QLQ-C30 and EORTC-QLQ-CML24 questionnaires, 
respectively. There were no significant differences between the pre- and post-measurement in the 
two groups on the scales of the EORTC-QLQ-C30. Regarding the EORTC-QLQ-CML24, during the study 
period, individual items showed that patients in the intervention group had a significant increase in 
experiencing treatment as burdensome, compared to patients in the questionnaire group (p=0.043) 
(Table 8). Also, on the scales of the EORTC-QLQ-CML24, a significant decrease was reported on 
impact on daily life (p=0.043) and an increase in symptom burden (p=0.013) in the intervention 
group compared to the questionnaire group (Table 7). 
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Table 6. Mean scores (SD)* from the EORTC-QLQ-C30** 

Questionnaire group Intervention group

Moderate to severe burden of 
following complaints:

Pre 
(n=33) 
%

Post 
(n=29)  
%

Δ Pre 
(n=75)  
%

Post 
(n=57) 
%

Δ Corrected 
p value

Global health status/ QoL 75.0 
(15.5)

69.8 
(19.0)

-5.2 75.3 
(18.9)

75.7 
(19.6)

0.4 0.317

Functioning

Physical functioning 82.2 
(15.9)

84.8 
(15.2)

2.6 86.8 
(16.4)

87.3 
(15.4)

0.5 0.482

Role functioning 76.3 
(23.9)

81.6 
(23.7)

5.3 75.5 
(28.4)

79.8 
(26.1)

4.3 0.968

Emotional functioning 81.3 
(17.4)

79.3 
(20.6)

-2 83.6 
(18.2)

82.7 
(19.8)

-0.9 0.700

Cognitive functioning 87.9 
(16.8)

89.1 
(16.8)

1.2 85.6 
(18.6)

83.9 
(20.4)

-1.7 0.417

Social functioning 82.8 
(25.5)

87.4 
(15.8)

4.6 83.1 
(23.0)

86.0 
(20.1)

2.9 0.626

Symptoms

Fatigue 33.3 
(19.4)

28.7 
(22.7)

-4.6 33.3 
(28.4)

30.4 
(26.4)

-2.9 0.377

Pain 20.7 
(25.4)

19.0 
(23.9)

-1.7 14.4 
(24.4)

14.0 
(24.2)

-0.4 0.516

Nausea and vomiting 9.09 
(17.2)

9.20 
(15.2)

0.11 7.21 
(13.0)

9.06 
(14.8)

1.85 0.537

Insomnia 28.3 
(30.2)

31.0 
(33.3)

2.7 19.4 
(26.5)

23.4 
(25.9)

4 0.690

Dyspnoea 21.9 
(23.4)

19.5 
(24.4)

-2.4 14.4 
(24.7)

14.0 
(23.5)

-0.4 0.589

Loss of appetite 16.2 
(29.0)

16.1 
(26.2)

-0.1 6.31 
(18.9)

5.26 
(15.2)

-1.05 0.940

Constipation 16.7 
(22.4)

9.52 
(17.8)

-7.18 4.05 
(13.5)

7.02 
(18.6)

2.97 0.064

Diarrhoea 20.2 
(31.1)

18.5 
(29.7)

-1.7 20.1 
(25.3)

21.1 
(28.6)

1 0.332

Financial difficulties 8.08 
(16.7)

5.75 
(12.8)

-2.33 6.31 
(20.4)

5.26 
(15.2)

-1.05 0.720

P-value shows the difference between intervention and questionnaire with regard to the within-subject change between 
baseline and post-measurement. Δ= difference between pre- and post-measurements. Scale from 0 to 100; higher scores 
on the functioning scales mean better quality of life, higher scores on the symptom scales mean more/more severe 
symptoms.  
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Table 7. Mean scores (SD)* from the EORTC-QLQ-CML24** scales

Questionnaire group Intervention group

Scales Pre 
(n=33) %

Post 
(n=29)  
%

Δ Pre 
(n=75)  
%

Post 
(n=57) 
%

Δ Corrected 
p value

Impact on daily life 16.0 
(15.2)

18.4 
(19.1)

2.4 19.2 
(17.1)

15.0 
(15.8)

-4.2 0.043

Symptom burden 25.6 
(15.2)

22.5 
(16.2)

-3.1 20.6 
(12.4)

21.6 
(13.2)

1 0.013

Impact on worry/mood 21.1 
(20.8)

25.9 
(22.5)

4.8 15.4 
(13.9)

20.0 
(18.5)

4.6 0.671

Body image problems 28.1 
(26.9)

20.7 
(24.3)

-7.4 20.1 
(27.2)

22.8 
(29.7)

2.7 0.052

Satisfaction with care and 
information

77.4 
(24.9)

77.8 
(17.3)

0.4 72.4 
(32.0)

74.2 
(30.9)

1.8 0.871

Satisfaction with social life 67.7 
(28.7)

64.4 
(25.1)

-3.3 63.9 
(33.2)

59.6 
(33.2)

-4.3 0.844

P-value shows the difference between intervention and questionnaire with regard to the within-subject change 
between baseline and post-measurement. Δ= difference between pre- and post-measurements. Scale from 0 to 100; 
higher scores on daily life, symptom burden, worry/mood and body image problems, means higher impact, higher 
scores on satisfaction mean more satisfaction. 
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Table 8. Health related quality of life of CML patients in the questionnaire vs intervention group (EORTC 
QLQ-CML24)

Questionnaire group Intervention group

Moderate to severe burden of 
following complaints:

Pre 
(n=33) 
%

Post 
(n=29)  
%

Δ Pre 
(n=75)  
%

Post 
(n=57) 
%

Δ Corrected 
p value

Abdominal pain or cramps 9.4 3.4 -6 8.1 10.5 2.4 *

Dry mouth 21.9 27.6 5.7 12.2 19.3 7.1 0.538

Worry about change in weight 12.5 6.9 -5.6 5.4 7.1 1.7 0.365

Skin problems 31.3 24.1 -7.2 14.9 19.3 4.4 0.170

Headache 3.1 6.9 3.8 4.1 7.0 2.9 0.910

Aches or pains in muscles or joints 37.5 32.1 -5.4 25.7 33.9 8.2 0.080

Hair loss 15.6 3.4 -12.2 5.4 3.5 -1.9 0.254

Excessive sweating 19.4 10.3 -9.1 14.9 10.5 -4.4 0.527

Acid indigestion or heartburn 9.4 13.8 4.4 8.1 8.9 0.8 0.805

Drowsiness 15.6 3.4 -12.2 12.2 12.5 0.3 0.072

Oedema 21.9 17.2 -4.7 16.2 12.3 -3.9 0.946

Frequent urination 28.1 17.2 -10.9 29.7 19.3 -10.4 0.639

Problem with eyes 28.1 20.7 -7.4 18.9 19.6 0.7 0.479

Muscle cramps 37.5 34.5 -3 24.3 24.6 0.3 0.433

Emotional ups and downs 12.5 13.8 1.3 9.6 14.3 4.7 0.259

Worry about future health 28.1 20.7 -7.4 12.7 14.0 1.3 0.137

Difficulty living a normal life 
because I got tired quickly

21.9 13.8 -8.1 17.8 15.8 -2 0.529

Worry about infection 12.5 27.6 15.1 4.1 19.6 15.5 0.373

Dissatisfied with my body as a 
result of illness or treatment

25.0 13.8 -11.2 15.5 17.5 2 0.073

Burdensome treatment 16.1 20.7 4.6 19.2 5.3 -13.9 0.043

Social support was needed 0.0 3.4 3.4 5.5 5.3 -0.2 *

Satisfied with the care 89.3 96.3 7 80.6 83.0 2.4 0.278

Satisfied with the information 90.3 86.2 -4.1 76.8 83.6 6.8 0.280

Satisfied about the quality of my 
social life

78.1 69.0 -9.1 68.5 63.2 -5.3 0.668

P-value shows the difference between intervention and questionnaire with regard to the within-subject change 
between baseline and post-measurement.
Δ= difference between pre and post measurements 
*P-value could not be determined due to limited number in participants 
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DISCUSSION 

This is the first preference trial, including a before-after measurement, to explore the effectiveness 
of CMyLife on information provision, patient empowerment, medication compliance, molecular 
monitoring, and quality of life of CML patients. Overall, active use of CMyLife improved all above-
mentioned components except quality of life. The quality of life questionnaire showed a slight 
increase in patients’ burden of symptoms. However, it also showed a decrease on impact on daily 
life. 
Both familiarity with CML related concepts and perceived information provision showed positive 
trends in patients that actively used CMyLife and information on additional help outside the hospital 
improved significantly. Especially information provision on direct disease related concepts, such as 
diagnosis, treatment, tests, and side effects, showed a positive trend towards better information 
provision, although the percentage of sufficiently informed patients stayed low in other items. 
Previous literature emphasized the importance of adequate information provision in cancer patients 
by its well described beneficial effects.29-33 However, perceived information provision in patients with 
other malignancies varied although it is roughly comparable.34-36 The content of CMyLife should be 
adjusted according to patients’ information needs to reach better information provision.
In addition to information provision itself, CMyLife significantly improved patients’ knowledge on 
where to find online health information. Literature shows that only half of cancer patients have the 
knowledge and capability to access and differentiate the high amount of web-based information.37 
Our results showed that active use of CMyLife improved eHealth literacy among CML patients and 
helped them become a well-informed partner in healthcare. Especially at the time of writing, during 
the COVID-19 pandemic, it is important for CML patients to stay accurately informed. Accurate and 
reliable information should be provided rapidly to these patients since almost 40% of them reported 
to be substantially concerned about the coronavirus.38 CMyLife could be a great medium to provide 
patients with this information. 
Another result of our study was the increased patient empowerment, albeit not significantly. Patients 
who are more empowered in taking control of their own disease could believe in their abilities to 
optimize their medication compliance and oversee their molecular monitoring. Other interactive 
patient portals, such as one for breast cancer survivors and one for lung cancer patients, showed 
a decrease in patient activation, although not directly comparable due to a difference in study 
population, content and features.39, 40 Perhaps no significant increase in patient empowerment was 
found because of the limited sample size, because the outcome measure is not responsive enough 
to detect an effect of CMyLife, or because the actual usage was not strong enough. Therefore, future 
studies should take actual usage into account when investigating patient empowerment. 
Our study showed extremely high medication compliance rates. Pre-intervention, these rates were 
reported as almost 100% and did not significantly change post-intervention. In literature, medication 
compliance rates vary from 19% to 98%, probably due to heterogeneity in adherence measurement 
methods and study populations.41, 42 Only small proportions of patients were perfectly adherent, i.e., 
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intake of 100% of prescribed doses. Patients in our study may be very strict in taking their medication 
because they are very motivated for taking care of their disease, and therefore, participated in this 
study. However, the MARS is a rather general measure. It is not possible to determine whether 
patients take their medication on all prescribed moments. Therefore, a more objective and specific 
tool to measure medication compliance should be used in the future. The well-known medication 
event monitoring system is an example of such an adequate measure, it provides an objective and 
reliable measure of medication compliance.43, 44 Nevertheless, self-reported effectiveness shows 
patients to be more motivated and medication compliant when using the medication app. 
Our study results show that the frequency of hospital visits was not significantly affected by CMyLife. 
Remarkably, hospital visits decreased in both groups, probably due to the COVID-19 pandemic, 
during which routine care was deliberately postponed and digital care was stimulated. CMyLife 
enabled CML patients to continuate their care digitally. CMyLife gives patients the opportunity to 
replace in-person visits by video consultations, which may decrease the risk of exposing them to 
COVID-19.45 Self-reported effectivity showed that by using the guideline app, patients felt more 
motivated to undergo testing in time, and they gained more insights in their results and disease 
course. The importance of patient empowerment is further emphasized by the suboptimal guideline 
adherence rates by HCPs.46 CMyLife could be a great medium for accurate surveillance of treatment-
free remission in CML patients.
None of the EORTC-QLQ-C30 scales showed significant differences in quality of life between the 
questionnaire and intervention group. Scores in our study are roughly comparable to cancer patients 
in general.47 The EORTC-QLQ-CML24 scales showed a significant decrease of impact on daily life and 
a significant increase in symptom burden. Using CMyLife and logging their side effects could have 
made patients more aware of their symptoms. However, the concurrent decrease in impact suggests 
that patients were better able to manage their symptoms. In CML, adverse events are the main reason 
of intentional non-adherence, so timely recognition and management by HCPs is important.48-51 Yet, 
HCPs tend to underestimate the severity of patients’ symptoms.52 Patient reported outcomes (PROs) 
are essential in patient-centred care, and its advantages as well as the necessity for routine PRO 
assessment in clinical practice are well described, not only in CML, but other malignancies too.52-56 

CMyLife provides a medium for this assessment. 
Despite the promising potential of CMyLife, there is still room for improvement. The content of 
CMyLife should be adjusted according to patients’ information needs, in the future. This requires a 
dynamic improvement process, where patients’ needs are measured continuously and the content of 
CMyLife is adjusted accordingly. In addition to the information gap, PRO assessment combined with 
personalized feedback should be properly integrated in the CMyLife platform together with good 
monitoring of molecular levels and medication adherence to enhance self-management and reach 
the ultimate goal of true patient-centred care. All in all, our aim is a future with patients entirely 
in lead of their own disease process. HCPs will not become entirely redundant as monitoring and 
follow-up for adverse events and late effects of TKI treatment, albeit from a distance, is still required. 
In our study a number of strengths and limitations are recognized. First, our results are strengthened 
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by the presence of a questionnaire group. Despite the limited sample size of the study population 
it encompasses an adequate, nationwide, representation of CML patients. Our preference-based 
design has potential advantages compared to RCTs. Patients with a strong preference for one of 
the arms who refuse randomisation may be absent in RCTs. The absence of these patients could 
affect the generalisability of the study results, this is not a problem in a preference based design.57 

However, when using a non-randomised design, unknown and uncontrolled confounders could be 
present.58 Although as many covariates as possible were taken into account in our analysis, some 
factors should be focus of future studies in order to minimize confounding effects. For example, 
no objective data of CMyLife utilization were collected, nor information on patients’ use of other 
information and communication resources aside from CMyLife. 

CONCLUSION 

The aim of CMyLife is to provide hospital-free care, by giving CML patients tools and know-how 
to self-manage their disease. The results of our study suggest that although more symptoms 
were reported, patient were better able to manage their symptoms. Their knowledge on where 
to find online health information was improved significantly and, albeit not significant, they felt 
more empowered. Beneficial effects on medication compliance and molecular monitoring were 
experienced by patients, which is paramount in patient-centred care. CMyLife provides patients with 
information, tailored in amount and in a timely manner. However, we found room for improvement 
in content of information provision by expanding the topics, adjusted to patients’ information needs. 
Personalized information based on the PROs assessed in CMyLife such as the symptoms experienced, 
and quality of life could further enhance self-management. An iterative process of assessing patients’ 
needs and further adjustment of CMyLife is required to keep care patient-centred, fit CMyLife into 
future perspectives, and put patients in lead of their disease process. Since hospital-free care has 
shown to be feasible in time of the COVID-19 pandemic, eHealth-based innovations such as CMyLife 
could be a solution to maintain the quality of care and make current oncological healthcare services 
more sustainable.
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BACKGROUND

We read with interest the article by Li et al. first to report on COVID-19 in patients with chronic 
myeloid leukaemia (CML).1 They found an increased COVID-19 prevalence in CML patients of the 
Hubei region in China when compared to the prevalence of the general population of that region. 
Unfortunately, in this retrospective study, follow-up data were not provided and a direct control 
group was not included. We report preliminary results of a prospective Dutch observational cohort 
study that assessed differences in susceptibility for COVID-19 and severity of the disease course in 
adult CML patients and their adult housemates during the SARS-CoV2 pandemic (the first COVID-19 
case was identified on February 27th in the Netherlands). 

METHODS

Patients were invited to participate via CMyLife,2 a nationwide web-based portal focused on Dutch 
CML patients, from April 6th 2020 onwards. If available, their adult housemates (e.g., spouses) were 
included as control group, providing a better representation of the general population. 
Surveys were performed at baseline and at a two-weekly follow-up period. CML patients receiving 
TKI treatment or having a discontinuation of their TKI treatment were invited to participate. The 
study was approved by the Radboudumc institutional ethics committee and digital informed consent 
was obtained from both patients and partners.
At inclusion, information was gathered on demographics, self-reported comorbidity, vaccinations, 
health rating, COVID-19 related symptoms and hospital admissions, and additional for patients; CML 
course, patients’ perceptions regarding CML and COVID-19. Every two weeks a truncated shorter 
version of the questionnaire was conducted, focusing on TKI intake, preventive measures, testing, 
symptoms and hospital admissions. 

RESULTS

At time of submission, 167 patients have registered for the study and 148 CML patients (median age, 
57.5 years; range 26-82 years; 48% males) and 123 housemates (median age 60 years, range 24-88 
years) were included, with enrolment still ongoing. The baseline characteristics are presented in 
Supplementary Table 1. The majority (88.4%) had taken TKI therapy. 
Approximately half of the CML patients versus a third of controls had comorbidity that required 
medication. The annual influenza vaccination was received by 58.0% of the CML patients and 35.8% 
of their housemates. If a coronavirus-vaccine would become available, both patients and their 
housemates would be largely willing to take this (76.3% and 68.9%, respectively). The majority 
applied preventive measures as recommended by national institutes (e.g. not shaking hands, 
frequently washing hands, and social distancing). Patients’ perceptions regarding COVID-19 are 
shown in Table 1.  
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Next we analysed symptoms of patients and housemates at inclusion (Table 2). Among patients, 
rhinitis was the most reported symptom (16.9%), followed by coughing (14.2%) and dyspnoea 
(10.8%). Fever was not reported. Many (69.6%) patients reported to be symptom-free. Among the 
housemates, rhinitis was reported in 8.9% of cases, and coughing and dyspnoea in 6.5% and 2.4%, 
respectively. Again, fever was not reported. The majority (84.6%) reported to be free of symptoms. 
Only two patients had been tested for SARS-CoV2 at study inclusion, of whom one tested positive 
and reported to have been admitted to the hospital (without ICU admission). This patient was a 
62 year male without comorbidity, who received imatinib therapy since the CML diagnosis 2 years 
before. No housemates were tested nor reported any hospital admissions. 
Currently, most subjects have completed their first and second 2-weekly follow-up questionnaires 
(Supplementary Table 2). No patients reported (temporarily) TKI discontinuation. A further six 
persons (2 patients and 4 housemates) were tested for SARS-CoV2 during this follow-up and all 
tested negative. No hospital admissions were reported. At two weeks, 74.2% (n=95) of the patients 
reported to be free of symptoms, compared to 79.4% (n=100) and 88.9% (n=16) at four and six 
weeks, respectively. For housemates these rates were 87.6% (n=106), 91.6% (n=98) and 100% 
(n=15), respectively. 

Table 1. Reported perceptions of patients on COVID-19 related to CMLTable 1. Reported perceptions of patients on COVID-19 related to CML

Patients (N=148)Patients (N=148)

% (n)% (n)

Thinks to be more susceptible to COVID-19 because of CMLThinks to be more susceptible to COVID-19 because of CML

YesYes

No No 

Do not knowDo not know

32.4 (48)32.4 (48)

35.8 (53)35.8 (53)

31.8 (47)31.8 (47)

Thinks COVID-19 course will be more severe due to CMLThinks COVID-19 course will be more severe due to CML

YesYes

NoNo

Do not knowDo not know

35.8 (53)35.8 (53)

20.3 (30)20.3 (30)

43.9 (65)43.9 (65)

Worries about the coronaviruWorries about the coronaviruss

Not at allNot at all

A littleA little

Quite a bitQuite a bit

Very muchVery much

5.4 (8)5.4 (8)

54.7 (81)54.7 (81)

30.4 (45)30.4 (45)

9.5 (14)9.5 (14)
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Table 2. Information on preventive measures, symptoms and hospital admissions related to Table 2. Information on preventive measures, symptoms and hospital admissions related to 

COVID-19 in CML patients at inclusionCOVID-19 in CML patients at inclusion

Patients (N=148)Patients (N=148)

% (n)% (n)

Housemates (N=124)Housemates (N=124)

% (n)% (n)

Visited affected area*Visited affected area* 3.4 (5)3.4 (5) 4.1 (5)4.1 (5)

Preventive measures**Preventive measures**

NoneNone 00 N/AN/A

Avoid shaking handsAvoid shaking hands 85.1 (126)85.1 (126) N/AN/A

Clean hands oftenClean hands often 84.5 (125)84.5 (125) N/AN/A

Use of face maskUse of face mask 2.7 (4)2.7 (4) N/AN/A

Working from home, just as same-function colleaguesWorking from home, just as same-function colleagues 31.8 (47)31.8 (47) N/AN/A

Working from home, in contrary to same-function colleagues Working from home, in contrary to same-function colleagues 6.8 (10)6.8 (10) N/AN/A

 Self-isolation  Self-isolation 41.2 (61)41.2 (61) N/AN/A

OtherOther 14.9 (22)14.9 (22) N/AN/A

Symptoms**Symptoms**

RhinitisRhinitis 16.9 (25)16.9 (25) 8.9 (11)8.9 (11)

CoughingCoughing 14.2 (21)14.2 (21) 6.5 (8)6.5 (8)

Sore throatSore throat 4.1 (6)4.1 (6) 2.4 (3)2.4 (3)

Dyspnoea Dyspnoea 10.8 (16)10.8 (16) 2.4 (3)2.4 (3)

FeverFever 0 (0)0 (0) 0 (0)0 (0)

No symptomsNo symptoms 69.6 (103)69.6 (103) 84.6 (104)84.6 (104)

SARS-CoV2 testingSARS-CoV2 testing

Tested, positive Tested, positive 0.7 (1)0.7 (1) 0.00.0

Tested, negativeTested, negative 0.7 (1)0.7 (1) 0.00.0

Not testedNot tested 98.0 (145)98.0 (145) 100 (123)100 (123)

UnknownUnknown 0.7 (1)0.7 (1) 00

Hospital admission***Hospital admission*** 0.7 (1)0.7 (1) 0.0 (0)0.0 (0)

Intensive Care Unit admissionIntensive Care Unit admission 0.0 (0)0.0 (0) 0.0 (0)0.0 (0)

Lives with adult housemateLives with adult housemate 85.9 (128)85.9 (128) --

Vaccines Vaccines N=131N=131 N=106N=106

Annual Influenza vaccinationAnnual Influenza vaccination

YesYes

NoNo

% (n)% (n)

58.0 (76)58.0 (76)

42.0 (55)42.0 (55)

% (n)% (n)

35.8 (38)35.8 (38)

64.1 (68)64.1 (68)

If available, would take corona vaccineIf available, would take corona vaccine

YesYes

NoNo

Don’t knowDon’t know

76.3 (100)76.3 (100)

3.8 (5)3.8 (5)

19.8 (26)19.8 (26)

68.9 (73)68.9 (73)

0.9 (1)0.9 (1)

30.2 (32)30.2 (32)
* Affected areas with high risk of COVID-19 as established by National Institute for Public Health and the Environment: * Affected areas with high risk of COVID-19 as established by National Institute for Public Health and the Environment: 
Italy, Austria, Nordrhein Westfalen (Germany), Madrid (Spain), China, South Korea, Iran. ** Multiple answers possible.Italy, Austria, Nordrhein Westfalen (Germany), Madrid (Spain), China, South Korea, Iran. ** Multiple answers possible.
*** Hospital/ICU admission because of the following symptoms: coughing, dyspnoea and/or fever.*** Hospital/ICU admission because of the following symptoms: coughing, dyspnoea and/or fever.
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DISCUSSION

To conclude, we found no significantly increased prevalence of COVID-19 in CML patients. Only one 
patient (0.7%) reported to be tested positive and has been admitted to the hospital. These findings 
are important for CML patients and professionals (prescribers of TKI) as almost 40% of patients 
reported to be substantially concerned about the coronavirus. The prevalence rate is in line with the 
reported 0.3% in the general Dutch population,3 and with the reported low prevalence of <1% SARS-
CoV2 viral infections in CML patients in the study of Li et al. We included a representative control 
cohort of housemates of similar age and geographical spreading as the patients, of whom none 
were tested positive (0%). Similar to Li et al. (0.9% vs 0.1%), we did find a slightly higher percentage 
of infected patients than in the general population (0.7% vs 0.3%) based on PCR testing on clinical 
indication, but this is not statistically significant. Other studies focusing primarily on COVID-19 
infection prevalence in CML population are lacking. 
There are strengths and limitations to our study. Although there may have been some self-selection 
bias in our study, the recruitment through the national CMyLife digital patient platform did allow 
for a substantial and geographically nationwide spread of participants, also in a time when many 
patients isolated themselves and hospital visits were limited when possible. Also, our study was 
performed prospectively, and included a control group. Furthermore, our questionnaires focused 
on patients’ perceptions, offering insights in the substantial level of anxiety in this patient group. 
However, the number of SARS-CoV2 tested subjects was low, limiting statistical power.
Taken together, the report by Li et al. and our current data may offer relief to CML patients in general 
that the absolute risk of contracting a serious SARS-CoV2 infection in CML patients, was low (<1%) 
during the COVID-19 pandemic. However, as we did observe more upper airway symptoms and 
further research should focus on serological testing in the CML population to objectively assess 
subclinical COVID-19 infection prevalence. Finally, our study supports that patients can safely 
continue their TKI.
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Supplemental Table 1. Baseline characteristicsSupplemental Table 1. Baseline characteristics

Patients (N=148)Patients (N=148) Housemates (N=123)Housemates (N=123)

Years since CML diagnosisYears since CML diagnosis Mean 6.3 (0-27)Mean 6.3 (0-27)

Median 5.0 (SD 5.4)Median 5.0 (SD 5.4)

% (n)% (n) % (n)% (n)

TKI          TKI                                                                    

ImatinibImatinib 40.5 (60)40.5 (60)

NilotinibNilotinib 21.6 (32)21.6 (32)

DasatinibDasatinib 17.6 (26)17.6 (26)

BosutinibBosutinib 4.7 (7)4.7 (7)

PonatinibPonatinib 2.0 (3)2.0 (3)

Uses TKI, unknown which oneUses TKI, unknown which one 2.0 (3)2.0 (3)

TKI therapy discontinuedTKI therapy discontinued 11.5 (17)11.5 (17)

BCR-ABL1BCR-ABL1

Most recent value knownMost recent value known Yes 70.9 (105)Yes 70.9 (105)

Unknown 29.1 (43)Unknown 29.1 (43)

% on International Scale% on International Scale Mean  7.0 (0-100.0)Mean  7.0 (0-100.0)

Median 0.010 (SD 18.8)Median 0.010 (SD 18.8)

AgeAge

Mean 56.95 (26-82)Mean 56.95 (26-82)

Median 57.5 (SD 12.6)Median 57.5 (SD 12.6)

Mean 59.0 (24-88)Mean 59.0 (24-88)

Median 60.0 (SD 12.4)Median 60.0 (SD 12.4)

SexSex

MaleMale 47.7 (71)47.7 (71)

FemaleFemale 52.3 (78)52.3 (78)

Comorbidity that requires medicationComorbidity that requires medication

YesYes 49.3 (73)49.3 (73) 36.6 (45)36.6 (45)

NoNo 50.7 (75)50.7 (75) 63.4 (78)63.4 (78)

Health ratingHealth rating

ExcellentExcellent 6.1 (9)6.1 (9) 17.1 (21)17.1 (21)

Very goodVery good 13.5 (20)13.5 (20) 34.1 (42)34.1 (42)

GoodGood 55.4 (82)55.4 (82) 39.8 (49)39.8 (49)

FairFair 23.6 (35)23.6 (35) 8.1 (10)8.1 (10)

PoorPoor 1.4 (2)1.4 (2) 0.8 (1)0.8 (1)

SUPPLEMENTARY TABLES
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GENERAL DISCUSSION

This thesis focused on challenges in current CML care management in the Netherlands, evaluated 
opportunities for improvement and explored innovative strategies to educate and empower patients 
in management of their own care process. In this final chapter we present a summary, reflect on our 
conducted studies and discuss further implications for research and healthcare reorganization.

PART I – CHALLENGES IN CURRENT CML CARE

1.1 survival1.1 survival
Encouragingly, survival expectation of CML patients approximates that of the general population.1 

In chapter 2, we have confirmed this finding for CML patients aged 18-59 at diagnosis in the 
Netherlands. Here, we assessed conditional relative survival. Patients who have survived for a 
certain amount of time after cancer diagnosis often want to know about their prognosis at that time. 
In this case, standard survival curves at diagnosis of cancer are too negative, because these are also 
based on patients who die within the first years. Hence, conditional survival, i.e. survival of a number 
of additional years after having survived several years after diagnosis, can be considered as a more 
patient-centered estimate of survival, as it provides relevant prognostic information more adjusted 
to a patient’s situation. 

1.2 elderly1.2 elderly
 In contrast to patients aged under 60, patients aged 60 years and older at diagnosis continue to 
experience significant excess mortality over time. In chapter 3, we show that particularly patients 
aged ≥75 years did not immediately gain benefit from therapeutic advances in CML care upon 
introduction of imatinib. Ultimately, relative survival improved among all age groups of patients aged 
≥70 years. Nonetheless, the elderly continue to experience excess mortality when compared to the 
general population. Our findings that survival improvements lag in the oldest age groups are mostly 
congruent with and extend on findings from few available population-based studies in CML in other 
countries such as the US, UK and Sweden.2-4 

The studies presented in chapters 2 and 3 are limited by lack of detailed information on therapy 
outcomes, adverse events, dose reductions, monitoring and subsequent treatment choices in the 
registry used. Consequently, we can only conjecture on contributing factors to excess mortality 
elderly CML patients continue to experience. Explanations may be found in physician or patient 
factors, or both, such as comorbidities, a wish not to be treated, adverse events, therapy adherence 
and frailty. Physicians could be reluctant to prescribe TKIs to, often comorbid, elderly CML patients. 
Comorbidity is known to reduce the chance of guideline adherence.5

Besides comorbidities, unfamiliarity or non-compliance with guidelines and adverse events may 
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contribute to reluctance. In our study, the proportion of elderly patients that received therapy 
increased over time. Overall, 17% of patients aged 85 years and older and diagnosed between 
2009 and 2017 received no CML treatment. When focusing on the period between 2014 and 2017, 
application of TKI therapy has been improved as then ‘only’ 9% aged ≥85 years received no CML 
directed treatment.
The significant excess mortality in the elderly implies that the impact of withholding TKI treatment 
on survival in the elderly is much greater than any potential harm of TKI therapy that physicians may 
be attempting to avoid. Withholding treatment should be well substantiated as elderly patients, 
those with co-morbidities and other pharmacologic therapies included, should receive TKI therapy 
according to guidelines, similar as younger patients.6, 7 As stated before, elderly patients are often 
excluded from clinical trials and effects of TKI therapy in elderly patients may be underexposed.8, 9 

Notwithstanding, retrospective studies have focused on TKI therapy in (very) elderly CML patients. 
Imatinib was the TKI of choice in almost all cases and has been demonstrated to be effective and 
crucial in frontline CML treatment, without an increase in toxicity.6, 7, 10 Naturally, a well-considered 
choice of TKI and further monitoring for potential adverse events remains paramount. 

1.3 guideline adherence1.3 guideline adherence
Monitoring TKI therapy is not only of importance in elderly patients but in every patient, regardless 
of age. The association of adequate monitoring with improved outcomes, patients’ therapy 
adherence and reduced healthcare costs, compared to suboptimal monitoring, is well described.11-16 

Nonetheless, in chapter 4, we have shown remarkably low rates of monitoring in comparison with 
what is recommended in the guidelines. Compliance rates concerning diagnosis and initiation of 
treatment were also suboptimal. The major barrier to compliance we have identified in our study was 
the timely performance of the molecular and/or cytogenetic testing at the recommended timepoint. 
In the literature, adherence rates to guidelines are reported in a variety of ranges, often due to 
various measurements and definitions of adherence. Previous analysis on the rate of molecular 
response monitoring in Dutch CML patients has shown a 74% compliance rate in the first year of 
therapy.17 Adherence in this study was based on frequency of molecular monitoring in the first 12 
months, regardless of timing within this period, i.e. patients could be monitored four times in the 
first three months and not in the other months, and the case would still be considered as compliant. 
Hence these adherence rates are higher than presented in our study.
European population-based studies concerning guideline adherence are scarce and to our knowledge, 
evaluation of guidelines in clinical practice with the aid of process indicators and indicator patterns 
to represent individual patients’ clinical pathways is unique. Unfortunately, analysis of pathways in 
our study has been limited by the extremely low compliance rates, especially at the first step of 
the follow-up indicators (that is, performance of tests within specified time range). Due to a low 
number of eligible cases, we could not compare outcomes between different pathways a patient 
could experience.  
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The failure to monitor patients in a timely manner illustrates the difficulty of translating 
recommendations as proposed by guidelines based on clinical studies into current practice. Our 
dataset did not include details on the reasons for non-compliance. To our knowledge, only one 
study, US based, has explored barriers for non-adherence to CML guidelines among physicians and 
those are described in the introduction of this thesis.18 Rates of adherence to guidelines in general 
and to cancer-specific guidelines in the Netherlands vary widely and adherence to the latter differs 
across cancer types and treatment modalities.19 In general, factors with a positive effect on guideline 
adherence constitute the following: a positive attitude of professionals, practicality of guideline, 
evidence base of guideline, automated support system and a multi-component implementation 
strategy.20 
Besides physician related factors, other barriers may be found in the way current healthcare is 
arranged and delivered. For instance, are the recommendations feasible in current daily practice? 
That is, to plan appointments with the patient, collect blood samples, receive and act on results 
and subsequently inform the patient, all in a prespecified time range? We can only speculate on 
this remark, as related information was not included in our study’s registry. Yet it provides potential 
targets to be considered when rearranging healthcare.

As outlined in the introduction of this thesis, rearrangement of healthcare is necessary considering 
that today’s healthcare is becoming unsustainable. The ageing population, rising prevalence rates of 
diseases and increasing therapy costs, contribute to an increasing strain on our healthcare system. 
Concurrently, patients are taking more responsibility in the management of their disease; whether 
they like it or not, whether they are equipped to deal with this or not. This requires healthcare 
delivery to be adjusted to the patient individual needs, desires and skills. This patient-centered care 
is aimed at improving individual outcome and can result in increased efficiency of care and reduction 
of unnecessary costs. Patient-centered care could contribute to a solution for the excess mortality in 
elderly and low guideline adherence rates in current CML practice.
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PART II – STRATEGIES TOWARDS PATIENT-CENTERED CARE

2.1 economic aspects2.1 economic aspects
Development of innovations and new strategies does not come for free. Before investing financial 
resources and manpower, it is important to assess whether an innovation will be worthwhile and 
whether it would be cost-effective. To gain insights in the potential gains and room for investment for 
an innovation aimed at improving both patient and physician adherence in CML care, we assessed 
the potential health gain in quality-adjusted life years and cost savings. This turned out to be a 
substantial potential saving per patient (chapter 5): each percentage point increase in adherence 
resulted in a saving of €666 per patient for patient adherence and €272 for physician adherence. 
Our finding that costs can be saved by better adherent patients and physicians is supported by 
recent studies.21, 22 In the US, however, though better adherent patients resulted in lower medical 
service costs, the gain was counterpoised by the higher price of TKIs. Economic evaluations regarding 
strategies that enhance either form of adherence remain scarce, and, to our best knowledge, only 
therapeutic drug monitoring has been investigated and reported acceptable in cost-effectiveness, 
though it had a modest impact.23 

The use of next-generation TKIs may increase the proportion of patients discontinuing TKI therapy 
at some point in treatment of a patient as the use of next-generation TKI is associated with a high 
chance of achieving a durable deep molecular remission. How this translates to the rate of successful 
treatment-free remission (TFR) has not been prospectively compared and is the topic of investigation 
in the current HOVON142 / SUSTRENIM study. The potential impact of a higher rate of treatment-
free remission on the cost-effectiveness of second-generation TKIs (2GTKI) was not tested in our 
model.
Due to the expired patent of imatinib and generics currently available at approximately 5% of the 
price of the branded product, next-generation branded TKIs cannot be cost-effective through a 
higher TKI discontinuation rate.24, 25 However, as the patents for next-generation TKI dasatinib and 
nilotinib transpire in the coming years, price differences will substantially decrease and the impact of 
drug discontinuation rates may become economically competitive.
First-line treatment with second-generation TKIs has become economically unattractive with the 
advent of generic imatinib. Nonetheless, prescriptions on 2GTKIs are rising: from 24% of first-line 
treatments in 2010 to over 60% in 2017.26 Also, initial prices of brand-name and generic imatinib 
and next-generation TKIs have increased, averaging 10-20% annually.26, 27 These reports concern 
the real-world situation in the US and similar European studies are lacking so far. Outside the US, 
greater price reductions have been reported of generic imatinib varying from 82 to 96%.28-30 Still, it 
illustrates that a substantial decrease in healthcare costs cannot be automatically presumed with 
the introduction of generic imatinib, and we should be aware of a shift in treatment pattern towards 
newer and innovative drugs instead of generics. 
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2.2 information provision2.2 information provision
After evaluating the opportunities for improvement in adherence in CML care we need to explore 
innovative strategies to educate and empower patients in self-management. As discussed in the 
introduction of this thesis, patients should be provided with knowledge and skills to take control. 
It is a priority to make patients well-informed. The majority of cancer patients use the internet as 
information source and in the US, the internet exceeds the HCP as an information source.31 The 
positive effects of information provision are well described, yet despite our technologically advanced 
era, gaps in patient information and comprehension still exist, with consequent disadvantageous 
outcomes as described in chapter 6. A variety in (mobile) interventions aimed at meeting patients’ 
information needs have been developed, yet their effect in clinical trials have not yet been 
established. Patients do, however, report a perceived added value in qualitative studies. Possible 
explanations include, among others, the scarcity in studies regarding information needs in minorities 
(based on ethnicity, socioeconomic status and/or age) and readability of the provided information 
that does not match the patient’s readability level.

2.3 health literacy2.3 health literacy
In the process of patient empowerment, information provision alone is not sufficient as patients 
are required the ability to access, understand, appraise and use health-related information to make 
health-related decisions, which is the definition of health literacy.32 In the Netherlands, 36.4% of the 
population has limited health literacy.33 Associated factors with limited health literacy are male sex, 
lower educational level, older age, lower perceived health, and certain minorities. Factors attributed 
to the healthcare system comprise accessibility and structure of care, manner of information provision 
and patient-physician communication. Information provision does not equal comprehension and 
physicians have been shown to underestimate patients experienced problems understanding health 
information and tend to overestimate their patients’ ability to comprehend health information.34 
With the internet as an important information source, literacy concerning health information from 
electronic sources is labeled eHealth literacy.
Three approaches have been proposed to improve health literacy and should be considered in the 
development of interventions aimed at patient empowerment: (1) make written, spoken and digital 
healthcare information more understandable and accessible; (2) inform HCPs on how to support 
patients with limited health literacy and improve their abilities; (3) tailor healthcare services to make 
them correspond with the desires and wishes of people with low health literacy.33 Hence, patient-
centered care is emphasized once more. 
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2.4 development of a patient-centered innovation2.4 development of a patient-centered innovation
The identification of needs and desires of patients is the foundation in developing patient-centered 
strategies. In current CML care, desired most by patients were the following: (1) insights into 
their own disease; (2) insights into the symptoms experienced, both in terms of knowledge and 
comprehension; and (3) improvements in the organization of care delivery (chapter 7). This was 
the starting point of the development of CMyLife, a multi-featured web-based and patient-centered 
intervention, in which active patient participation comprised the main element. All the features target 
parts of the bigger and more comprehensive solution to meet patients’ needs. Insights into their 
disease was provided by an informative website, personal medical records with logs of symptoms 
and their BCR-ABL1 values, and a guideline app that puts these values in context of international 
guidelines. The website and symptom-logs provide insights in experienced symptoms, in addition to 
a patient forum, and organization of healthcare services was changed by screen-to-screen consulting, 
at home delivery of medication and collection of blood samples. The concept of CMyLife is adjusted 
to the individual, who decides which features to use. Patients’ needs may differ over time, therefore 
CMyLife remains subject to a dynamic process of iterative evaluations and further improvements to 
continue to meet patients’ needs. 

2.5 evaluation of utilization and efficacy2.5 evaluation of utilization and efficacy
Chapter 8 is an example of such an evaluation. With the importance of information provision tailored 
to the individual patient outlined few paragraphs before, we investigated room for improvement 
in information provision to match patients’ unmet information needs. We assessed perceived 
information receipt in patients before utilization of CMyLife and analyzed user statistics of the website. 
Information provision on topics regarding effects of the disease and treatment on aspects of daily life 
was perceived to be lacking. Although CMyLife provides a wide variety in information, some topics 
were not yet covered, such as the effects of the disease and treatment on sexuality, which provides 
room for improvement. Information on sexuality and psychological support is often reported lacking 
among other malignancies as well. Direct comparison with other CML study populations is difficult 
as a variety in measurement of information needs is used, albeit none used the EORTC QLQ-INFO25 
questionnaire as we did, and reported rates vary. Perceived information provision was scored higher 
compared to patients with breast and head and neck cancer, although in our population satisfaction 
with information was rated lower.35, 36 Compared to cancer patients in general in Europe, scores on 
the subscales disease, tests and treatment were similar and on the first two subscales even better 
than in Sweden.37, 38 In contrast, these other studies showed better scores regarding information on 
other services and higher rates of satisfaction with the provided information.
In our study, older age, lower educational level and time since diagnosis were associated with 
less perceived information provision. This is in line with the literature where age and educational 
level were confirmed associates, together with a more passive role of the patient.35, 39, 40 Time since 
diagnosis may contribute due to recall or changing information needs during the disease course, 
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which is well-described.41-44 Information should be provided in a patient-centered manner. Not 
only demographics, but disease related factors can be important as well such as symptom burden, 
moment in the disease course, treatment etcetera. To date, some determinants such as treatment 
and disease phase (i.e. chronic phase) are incorporated in CMyLife, though other important factors 
such as health literacy, educational level and age are not. 
In the evaluation of the comprehensive CMyLife platform in chapter 9, we have shown an overall 
increase in perceived information provision. However, we did not find significant differences between 
the questionnaire group and intervention group. Global and subscale QoL scores were already high 
compared to cancer patients in general before its use and one may not expect a further significant 
increase by CMyLife.45 Regarding CML specific QoL, an increase in symptom burden was reported 
after use of CMyLife which suggests that although patients experienced more symptoms, they 
were better able to manage them. The increase in symptoms could be explained by the enhanced 
awareness in patients of their symptoms during the use of CMyLife. In contrast, in our study the 
subscales satisfaction with care and information, and social life in general were rated lower than in 
the other study available.46 As well as the impact on daily life, which was already rated lower before 
CMyLife utilization and was significantly decreased after. 

Furthermore, we found that after use of CMyLife, more patients obtained higher patient activation 
level (level 3 and 4), though the difference was not significant. In contrast, the confidence and 
knowledge on where to find health information online improved significantly. Regarding medication 
adherence, no significant effect was established on the validated Medication Adherence Rating 
Scale. Of note, pre-CMyLife scores on this scale showed higher adherence rates than reported in the 
literature. When patients were asked to rate efficacy, almost half of the patients felt more motivated 
to be adherent, a third knew the importance of adherence better and thought differently about the 
importance afterwards. Similar self-reported efficacy was found for the guideline app and a third 
reported to have gained more insights into their BCR-ABL1 values and disease course. Unfortunately, 
due to the COVID-19 pandemic we were not able to objectively measure CMyLife’s effect on guideline 
adherence as routine care, including CML care, was often deliberately postponed. On the other 
hand, during this pandemic, CMyLife provided a new, digital, approach in nationwide recruitment 
and inclusion of patients for research purposes as we have demonstrated in chapter 10. More than 
150 patients were recruited within two weeks into a prospective patient cohort during times of social 
isolation. This is a unique achievement made possible by the CMyLife platform. Consequently, we 
were able to establish the susceptibility and severity of COVID in CML patients compared to their 
housemates and share our insights swiftly through the same medium to patients.  
In conclusion, CMyLife provides promising results in achieving its goal to enhance self-management, 
especially when considered that other web-based interventions concerning information provision 
or self-management have not yet proven to be effective. Nonetheless, there is still room for 
improvement of its content and further tailoring to individual patients should be of focus. 
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FUTURE PERSPECTIVES  

3.1 economics3.1 economics
In chapter 5, we have described the substantial cost savings and health gains when adherence of 
patients and physicians would be improved. It underscores the importance of optimizing the use of 
current therapeutic strategies and improve adherence of both patients and physicians. 
At present, more data regarding the effects and probabilities of newer generation TKIs became 
available which should be evaluated in a new model, including sensitivity analyses for price reductions 
through generic alternatives as performed in our study. This differs from the aforementioned 
economic evaluations on 2GTKIs as those did not regard the potential of improving adherence. In 
addition, the scope of the model could be broadened, encompassing the probability of adverse 
events of newer generation TKIs, which may be more serious than with imatinib. Other new insights 
we have obtained at present regard TFR, which we did not take into account in our model, yet it 
would be interesting to evaluate the cost-effectiveness of strategies with incorporation of treatment 
discontinuation. Importantly, hospital reimbursement for a patient receiving active treatment 
is substantially higher (approximately threefold) than for a patient in TFR. This while managing a 
safe TKI discontinuation attempt requires more frequent expensive molecular monitoring. In the 
Dutch system hospitals are therefore at a financial loss for CML patients attempting to discontinue 
TKI therapy, while they do not benefit from the massive savings on drug costs as these come 
from a separate budget. Altogether, financial regulations concerning TFR need to be reconsidered 
as at current the molecular monitoring of a patient in TFR exceeds the corresponding insurance 
coverage for a patient without active anti-cancer treatment. Furthermore, financing of eHealth is 
still a challenge, as it depends largely on project-based sourcing. Securing funding after the project 
period ends can be problematic, long-term methods to establish eHealth services are scarce. An 
important barrier in establishing funding for eHealth comprises the difficulties in measuring the 
return of investment. A change in view concerning health economics and how we measure outcome 
is required. Many of the advantageous effects of eHealth are long-term, it can take considerable time 
before an investment is to be realized. 

3.2 guidelines & elderly3.2 guidelines & elderly
To improve guideline adherence, barriers and facilitators to compliance should be explored in 
order to develop more targeted strategies. Few studies investigated barriers,18, 47 however, they are 
limited to US practices and do not focus on barriers to monitor patients in a timely manner. Also, the 
fundamentals of our study in chapter 4 still represent a comprehensive take on guideline adherence 
and though we were not able to optimally utilize our method, it would be of interest to apply our 
strategy and adjust it to the most recent guidelines.
With the excess mortality elderly patients continue to experience and the smaller proportions of 
patients treated with TKIs, compared to younger patients, further research regarding this topic is 
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required. First, regarding the broader application of TKI therapy in elderly in the most recent years, 
it should be assessed whether this positive trend continued and whether consequent improvements 
in survival can be perceived. Second, if elderly remain undertreated, the reasons for nontreatment 
should be explored in both patients and HCPs. What are the attitudes towards treatment in elderly? 
Do they feel well informed on treatment effectivity and toxicity in older patients? Or are there other 
contributing factors such as volume, similar to guideline adherence in general.  
The earlier mentioned retrospective studies focused on elderly patients mainly concerned imatinib. 
Toxicity in next-generation TKIs may be more serious, specifically in combination with certain 
comorbidities such as cardiovascular and pulmonary disease. Unfortunately, little is known regarding 
the matter in elderly.  At current, only a few trials concerning elderly are registered. One phase II 
trial on efficacy, safety and tolerability of bosutinib in elderly (BEST trial; NCT02810990) is running 
and completion is expected in late 2021. In addition, the phase III trial OPTkIMA (NCT02326311) 
focuses on optimization of TKI treatment and quality of life in patients aged 60 years and older in 
chronic phase CML. Patients in stable major molecular response after ≥2 years of standard treatment 
with imatinib, nilotinib or dasatinib are randomized between a fixed intermittent administration arm 
(one month on, one off) or progressive intermittent administration arm (one month on, up to three 
months off). Completion is expected in 2021 as well and may contribute to optimization of therapy 
in elderly CML patients. 

At present, both national and international CML guidelines lack recommendations specified to 
elderly patients. A separate review on how to treat older CML patients has been written,48 however, 
with the aforementioned barriers to adherence such as experience, lack of time and complexity of 
the guidelines, we should not expect a separate review is enough to improve treatment of elderly 
similar to younger patients.  Hence, we propose to explicit the recommendation that elderly should 
be treated similarly and emphasize the relative favorable toxicity profile and effective therapy in the 
current guidelines. Of note, this recommendation should not be limited to the HCP’s guideline and 
should be processed in the patients’ guideline (app) as well. 
Lastly, translation of study results into clinical practice by guidelines should be transformed into a 
dynamic quality cycle; next to evaluating their application, guidelines should be placed in the context 
of -and be adjusted to- clinical practice, and vice versa. In other words, a digital feedback-loop is 
required, with information from clinical practice (from patients and patient-HCP interactions) back to 
guideline-development and public availability of the guideline should be enhanced. Features could 
be developed and provided to patients and HCP, in order to facilitate implementation in clinical 
practice. Examples include live decision-aids based on aggregated PROs, clinical decision support 
system concerning molecular monitoring, and modules adjusted to patients with limited health 
literacy. 
With the varying range in reported adherence rates and variety in measures of adherence to a single 
guideline, there may be a need for some uniformity in measurements of guideline adherence.  
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3.3 information & education3.3 information & education
For patients to self-manage their disease, they need to be educated, i.e. the process of gaining 
knowledge which can be acquired through information provision, among others. There remain 
gaps to be filled in patient comprehension and information, albeit a lot of interventions aimed at 
filling these gaps have been developed. The explanation for a lack of effect of these interventions 
is not well understood and future research should focus on identifying what kind of interventions 
are able to fill the gaps. Are the interventions itself not effective? Or is it the way we define and 
measure information provision? For instance, in our study, perceived information provision was 
rated relatively high while at the same time lower rates of satisfaction were reported. Did patients 
become aware of information they missed? Are they insatiable for information? Is there an influence 
of other factors such as satisfaction with their HCP, care location, and so on? Are they aware of the 
contents of their needs, or are their needs a substitute for unmet feelings of anxiety, frustration, loss 
of power, etcetera? Or most importantly, is there a mismatch in provided information and desired 
information and do we need to try to fill this gap?
To do so we recommend further adjustment of information to the individual patient, most 
importantly on health literacy and then identify and cover other factors of influence. Strategies 
focused on improving knowledge and health literacy both rather than one of both have a positive 
effect on more aspect of self-management.49 Naturally, one cannot expect to develop a different 
information provision strategy for every individual. Therefore, it would be important to identify 
generic needs and desires versus the needs for different groups. To illustrate, an informative website 
starts with the generic information provision and patients can click further and explore the website 
in accordance with their needs. It can provide references to other pages or even other adequate 
information sources. Furthermore, information can be provided in a more interactive manner. The 
growing application of big data and machine learning in healthcare could provide opportunities to 
deliver information in the manner, size, timing and contents as preferred by the individual patient.  
Adjustment of information does not only apply to the content of information but also to the timing 
of information, as another contributing factor to the gaps in information provision may be recall of 
information. Of the medical information provided during consultations, 40-80% is either forgotten 
or remembered incorrectly.50 Information recall is worsened by higher levels of anxiety, which can 
be expected in cancer patients.50, 51 A solution could be the provision of information in a sequential 
or repetitive manner. For instance, patients receive references to information sources a few hours 
or even days after the consultation, which can be sent by mail, email, text message or by a platform 
such as CMyLife, based on patients’ preferences. Consequently, patients can choose themselves 
when and whether they retrieve information, in what amount and on which subject. 

By improving the knowledge of patients on where to find helpful health resources online, CMyLife 
has set an example. Nonetheless, there is room for improvement concerning CMyLife itself. We 
recommend expanding the topics on which CMyLife provides information, such as sexuality and 
psychological support and the other topics that patients perceived lacking. Patients’ readability 
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levels and the readability of the information provided should be assessed, as low educational level 
was associated with less perceived information provision. Furthermore, information on treatment 
and prognosis among elderly CML patients should be supplied. 
Lastly, patients need to be educated in eHealth when required. In CML for instance the prevalence 
rises with age and older patients may be less familiar with newer technologies. An example is 
provided in chapter 7, where a nurse specialist in both CML and electronic nursing, helped patients 
with eHealth technologies and educated them.  
Education in eHealth also applies to HCPs. They comprise a major part of the healthcare system and 
when relocating care outside of the hospital combined with a shift of responsibility towards the 
patient, we need to provide them with the knowhow to adjust to this new manner of healthcare 
services. Topics concern practical issues such as information technology, security and law, as well as 
eHealth and its potential such as outlined in the next paragraph. The role of eHealth in healthcare 
is expanding rapidly and the current paucity in education is a missed opportunity which not only 
concerns the current generation of HCP, but also future HCPs as long as it remains underexposed in 
the medical curriculum. Education on eHealth can stimulate active involvement in its development. 
Besides, awareness of the existence of the innovation positively affects its implementation. Of note, 
this applies to all HCPs, regardless of discipline.
Other opportunities in education of HCPs, in CML care as well as in cancer care in general, comprise 
not only treatment in elderly, but advantages and disadvantages of generic drugs as well, as some 
physicians (and patients) are skeptic about the clinical equivalence of brand-name and generic 
drugs,52-54 resulting in more expensive brand-name prescriptions. If applied to, guidelines can assist, 
yet are not the solution by themselves.  

3.4 ehealth opportunities3.4 ehealth opportunities
Similar to adjusting information provision in content, manner and timing to the individual patient, 
eHealth should be patient-centered and future projects should focus on how to reach specific 
groups such as lower-educated patients or patients with limited health literacy. We need to bear in 
mind that transition of responsibility and location of care delivery needs to proceed gradually and 
be matched to the patients’ needs. Currently, five years after the launch of CMyLife, more digital 
interventions have been developed, whether they concern patient with COPD, asthma, diabetes 
or various solid and hematological malignancies.55-57 Only a few are developed with active patient 
participation, therefore their patient-centeredness can be questioned. CMyLife has shown that even 
with active patient participation, there continue to be further refinements in tailoring the platform 
to the individual patient. Hence, iterative evaluations during a dynamic process of improvements 
are required. 
As already mentioned, the lack of evidence on cost-effectiveness can be problematic. Not only 
costs in euros but also in terms of time and effort should be considered in relation to the value 
of the eHealth innovation. The importance of including patients in addition to stakeholders in the 
healthcare or financial system in establishing value cannot be emphasized enough. A systematic 
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approach in monitoring and evaluating eHealth implementation is missing and should be of focus in 
the future. Perhaps the application of quality indicators such as used in chapter 4 can be broadened 
to measure quality of eHealth care as well.
Another opportunity of eHealth which should be further explored in the future is the massive 
amount of data which can be generated. Big data can be analyzed and used to develop predictive 
algorithms, aimed at, for example, identification of patients at risk for treatment failure, toxicities, 
non-adherence, poor quality of life, etcetera. Another application encompasses development of real-
world clinical pathways, which can be used to optimize care similar as in chapter 4. However, these 
analyses and interpretation require an expertise beyond the medical expertise and involvement of 
data scientist is a necessity. 

3.5 patient reported outcomes3.5 patient reported outcomes
The possibility for patients to log their symptoms and provide themselves and their HCP with an 
overview is an important feature, though it can be further optimized to make it more patient-
centered. Ideally, patients report outcomes and receive specific and personalized feedback, i.e. a 
bidirectional and iterative information exchange. The importance of patient reported outcomes 
(PROs) have been demonstrated extensively, not just in CML or hematological cancer patients, but 
in patients with other malignancies as well.58-61 Aside from the insight patients gain themselves, PRO 
assessment is associated with improvement of patient-HCP communication, more comprehensively 
addressed information needs, fewer hospital visits and PROs such as QoL have shown to be a 
prognostic factor for cancer survival.62-65 Not to mention that physicians tend to underestimate 
the severity of symptoms experienced by their patients and overestimate their health status.66 

Routine PRO assessment in clinical practice is increasingly stimulated. User guides to implement 
PRO assessment and questionnaires, generic and disease-specific, are available and often validated 
(Appendix A).67 However, validation studies often concern questionnaires in a whole, combined with 
other questionnaires or on paper, and validation should be confirmed when routinely assessing PROs 
in a more smart manner or part of the questionnaires: i.e. only the disease specific EORTC-QLQ-
CML24 questions instead of the combination with the generic cancer EORTC-QLQ-C30 questions. 
This way it would be possible to routinely assess PROs through a medium such as CMyLife, which 
could provide patients and HCPs with a personalized overview. In the future, aggregation of these 
data could be considered, naturally only with patients’ consent, to provide a smart decision-aid 
based on these data. Of note, toxicity of TKIs has never been the primary endpoint of clinical studies 
and was not patient reported.68 Lastly, we recommend implementation of the assessed PROs in 
electronic health records, including provision of a secure connection to facilitate automatic transfer 
of data.  Ideally, assessment would take place concurrent with molecular testing. This way patients 
are confronted with their disease less often and the combination of molecular and PRO assessments 
provides HCPs with tools to optimize, and measure, quality of care.
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3.6 self-care3.6 self-care
The fact that eHealth can play a role in monitoring patients in accordance with the guidelines is shown 
by CMyLife. First, patients are more involved in monitoring practices and better comprehend their 
results, the implications and the importance of monitoring. Second, the enhanced self-management, 
the patient-centered transformation of healthcare and delivery of care more in the patients’ own 
environment provides room to deliver care only when necessary or desired by patients. One could 
argue that this would facilitate guideline adherence due to diminishing logistic factors related to the 
healthcare system as earlier mentioned. Lastly, the majority of CML care is transferred outside of the 
hospital resulting in blended care; the combination of online and face-to-face care. This way, CML 
care is centralized digitally instead of in physical hospitals which could be beneficial considering the 
lower adherence rates in low-volume treatment centers. 
When patients are diagnosed with CML, subsequent care takes place in the hospital and their
general practitioners (GPs) may feel alienated from the hospital system, experience a poor 
communication with the HCP in the hospital and desire a more involved role in the care process.69-71 

CMyLife could improve the involvement of the GP, as their role is important in, for example, 
management of adverse events and cardiovascular risk management, especially in patients using 
TKIs with cardiovascular toxicity profiles. We cannot expect GPs to be fully educated on all advances 
regarding a rare cancer such as CML and TKI related adverse events, hence CMyLife could provide 
relevant information for professionals. With the patient in the lead, they possess their own personal 
electronic health record in CMyLife and can chose to share this with other HCPs, such as their GP. 
Especially for patients who have achieved TFR and discontinued TKI treatment, CMyLife could be 
of added value. As approximately half of the patients remain in TFR after TKI discontinuation,72-74 
optimal monitoring is important. One could even argue that patients in TFR that use CMyLife can be 
discharged from outpatient clinics and returned to the care of their GP. Of course, patient and GP 
should be provided with a safety net and the knowhow what to do when molecular values increase, 
which could be provided by CMyLife. Even full digital care should be possible for this group patients, 
with (physical) care delivery on demand. The late effects of long-term TKI treatment, even when 
discontinued, are unknown, hence long-term follow-up by a HCP is indicated to identify and manage 
late events and take preventive measures if needed. In addition, CMyLife can collect long-term data 
concerning the late effects of TKI treatment. 

3.7 cmylife as model3.7 cmylife as model
Establishing change in healthcare is not easy and implementation of new strategies is a major 
challenge. To facilitate implementation of other innovations we recommend assessing facilitators 
and barriers in the implementation of CMyLife, as much knowledge and insights were gathered from 
our five years of experience. Implementation strategies can be modified to specifically target the 
barriers obtained from this assessment. 
Even at present, interventions as comprehensive as CMyLife remain scarce. eHealth interventions 
often concern smaller parts of the care process and focus for instance on medication adherence or 
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information provision or symptom logging alone, and include fewer features. The need for platforms 
like CMyLife is illustrated by the recent development and launch of extensions of this platform 
for patients with chronic lymphocytic leukemia and myeloproliferative diseases. These disorders 
represent different entities with different treatments, monitoring requirements and patients’ 
needs. Regardless, the fundamentals of CMyLife functioned as a blueprint, and in the future can 
be expanded to other malignancies as well. Obviously, content will differ and in some malignancies, 
emphasis will be placed more on survival for instance. It is important to identify the topics that run 
through the majority of malignancies, such as the impact of the disease and treatment on patients’ 
lives, experienced symptoms, sexuality, conceiving, prognosis. Again, tailoring to the individual 
patients remains crucial and identification of the needs in different groups is required. Even within 
these groups we can learn from each other, illustrated by the example of the AYA network: a platform 
for adolescents and young adults with cancer, regardless of cancer type. Lastly, all of the above 
recommendations such as PROs, guidelines, self-management and patient-centered care can and 
should be applied to other malignancies. 
With CMyLife, we provided patients with the tools and knowhow to self-manage their disease 
process. Of course, the hematologist will not become completely redundant, monitoring is still 
required, although from a distance. An approximate comparison can be made with a chronic disease 
such as diabetes mellitus, where patients monitor their own glucose levels and therapy and have, for 
instance, yearly contact with their healthcare professional. 
CML would be the first malignancy where patients are able to monitor and manage their disease 
by themselves. Historically, CML has been a prototype malignant disease for innovations in 
medicine: it was the first human cancer in which the causative genetic abnormality was identified 
(the Philadelphia chromosome) and was the first disease for which a successful targeted anticancer 
therapy was developed. Perhaps, CML can lead innovation in oncology once again and be the model 
of change in current healthcare by redesigning the model of care to be truly centered around the 
patient, with the patient in full control and ensuring the highest quality and best outcomes. 

3.8 future of cml research 3.8 future of cml research 
In recent years, treatment-discontinuation has moved from being a topic of clinical studies to be 
included in the HOVON and European LeukemiaNet guidelines as a significant new goal of CML 
management. Specific recommendations have been published for the identification of patients 
in whom a treatment discontinuation attempt is appropriate and how these patients should be 
followed up. However, only a minority of patients will ultimately achieve TFR. A cumulative incidence 
of stop attempt eligibility after six years, in patients who started first line TKI treatment, was reported 
of 31%. Other real-word data concerning TFR are scarce, hence, we recommend a nationwide study 
on TFR practices, patterns and outcomes in the future. In time, population-based registries as we 
have used in chapters 2, 3 and 4 can be used for this purpose. Furthermore, patients’ perspectives 
regarding TFR are yet underexposed, together with quality of life and other PROs. To provide patient-
centered care, their perspectives, needs and desires concerning TFR should be explored, and PROs 
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should be taken into account in TFR related studies. 
As most patients will likely continue TKI treatment lifelong, it remains important to monitor for late 
toxicity of TKI treatment. For patients in TFR it would be of particular interest whether there are late 
effects of their temporary TKI treatment and if late complications of TKI discontinuation may occur, 
i.e. occurrence of sudden blast crisis. The novelty of TFR as goal in CML management provides us 
with groups of patients with a relative short period of TKI usage versus patients with patients ≥10 
years of usage. The effect of time and cumulative dose of TKI therapy on late toxicity should be 
studied. 
Other focus of research should encompass precision dosing of TKIs as patient-centered care should 
not be limited to information provision and eHealth, but to treatment strategies as well. In an example 
of a prospective observational study (NCT03885830), associations between pharmacokinetic 
parameters for TKIs (imatinib, nilotinib, dasatinib and bosutinib) and demographic and clinical 
patient characteristics, CML milestones, medication toxicities, medication adherence, and germline 
genetic variants, are evaluated. Another recommended research proposal would encompass 
patient-guided dosing strategies. Dose reductions of TKIs can be safe, while maintaining efficacy and 
improving experienced AEs.75 They could prevent overtreatment of optimally responding patients 
and long-term toxicity. Moreover, it could reduce drug costs. Dose reductions of TKIs have been 
studied before,75-77 yet not with strategies tailored to individual patients or in patients not yet eligible 
for treatment discontinuation. Obviously, patients’ perspectives and PROs should be considered in 
this research. 
Other current research that may change the CML treatment landscape concern the novel TKI 
asciminib, which is an allosteric inhibitor and has a different target than the currently available 
TKIs; rather than binding to the ATP binding site, asciminib binds to a myristoyl site of BCR-ABL1, 
which locks BCR-ABL1 in an inactive conformation. It targets both native and mutated BCR-
ABL1.78, 79 Asciminib was active in heavily pretreated patients with CML who had resistance to or 
unacceptable side effects from TKIs, including patients in whom ponatinib had failed and those with 
a T315I mutation.78 A phase III trial comparing asciminib to bosutinib for third-line CML treatment, 
a phase II trial comparing asciminib in two different doses combined with imatinib, continued 
imatinib and nilotinib in pre-treated patients, and a phase II trial with frontline imatinib, nilotinib or 
dasatinib, combined with asciminib, are ongoing (NCT03106779, NCT03578367 and NCT03906292, 
respectively). Next to TKIs, other drugs with novel targets may be of importance in CML treatment 
such as the anti-diabetic drugs thiazolidinediones (PPAR-γ agonists) and gliptins (DPPIV inhibitors), 
which are currently investigated in phase I/II studies (NCT02767063 and EudraCT 2017-000899-28, 
respectively). 
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RECOMMENDATIONS

4.1 for future research4.1 for future research

 » Second and later generation TKIs should be evaluated in a new economic model to assess the 
potential gain and cost savings of improving medication adherence and guideline adherence. 
Future availability of generics should be taken into account, as well as the probabilities of 
adverse events. 

 » Studies with real world data should focus on TFR, including late AEs of (temporary) TKI therapy, 
late complications of TKI discontinuation, and patients’ perspectives and PROs.

 » Barriers and facilitators to guideline adherence among physicians should be explored, with 
focus on barriers to monitoring in a timely manner. 

 » Assessing guideline adherence by using patterns of quality indicators provides a comprehensive 
take on clinical care and should be applied in future research, adjusted to the most recent 
guidelines. 

 » Regarding elderly CML patients, it should be assessed whether the broader application of TKI 
therapy has been improved. 

 » Reasons for the excess mortality elderly patients experience should be identified.
 » Dose reduction strategies, tailored to the individual patient, including PROs and patients’ 

perspectives, should be studied.
 » To identify the kind of interventions that are able to fill the gap in information provision and 

patients’ information needs.
 » To explore possibilities that come with the advent of big data and machine learning to provide 

individual patients with the right drug at the right time.
 » PRO assessments in a smart and shortened manner should be validated.
 » The use of platforms such as CMyLife, that provide opportunities for new ways of inclusion and 

(patient preference) research, should be optimized.

4.2 for policy makers4.2 for policy makers

 » Financial reimbursements for TFR management need to be harmonized.
 » (Inter)national guidelines, including the patients’ guideline app, should incorporate an explicit 

recommendation concerning elderly and emphasize the relatively favorable toxicity profile and 
effective therapy.  

 » Translation of study results into clinical practice by guidelines should be transformed into a 
dynamic quality cycle; next to evaluating their application, guidelines should be placed in the 
context of -and adjusted to- clinical practice, and vice versa. Uniformity in measurements is 
required. 
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 » Information provision should be further adjusted to the individual patient, including the 
consideration of low health literacy levels.  It should be provided in a sequential or repetitive 
manner and, if desired, patients can receive references to information sources post-consultation 
by a medium such as the CMyLife platform. 

 » The generic fundamentals of CMyLife could be used as a blueprint to expand similar patient-
centered innovations to other malignancies. 

 » CMyLife-specific recommendations encompass: 1) expansion of the information topics, such 
as sexuality and psychological support. Information concerning elderly patients and generic 
drugs should be provided as well. 2) information should be further adjusted to patients with 
low health literacy levels. 3) a dynamic feedback loop should be provided based on the PROs 
assessed.

 » Education of patients and HCPs in eHealth is required.
 » PROs should be assessed in routine daily practice. Ideally, patients report outcomes and receive 

specific and personalized feedback, i.e. a bidirectional and iterative information exchange.

CONCLUSIVE REMARKS

Current healthcare is becoming unsustainable and together with the shift in patient and physician 
roles, transformation of the healthcare system is happening. It is not so much the question whether 
we are going to change, but rather how we are going to change. To invest in (digital) innovation 
instead of bricks and mortar is the adage of future healthcare and is demonstrated in this thesis. We 
have outlined the missed opportunities in not optimizing current, generic, therapies and provided 
targets for new innovations. The foundation of these innovations comprises patient-centered care, 
care delivery to the needs of individual patients, whether it concerns information provision, eHealth 
technology or care delivery in their own environment. We have provided an example of healthcare 
transformation for a small group of patients with CMyLife and described its development, use 
and evaluation. Novel therapies are studied at current and may change CML care, hence, iterative 
evaluation of the adjustment of CMyLife to patients’ needs and clinical practice is emphasized.  The 
CMyLife platform is currently expanded to other hematological malignancies and its fundamentals 
could be applied to more malignancies in the future. Room for improvements remain, not only for 
CMyLife but for eHealth in general as well. Strategies for implementation, evaluation, improving 
patient-centeredness and funding of eHealth are needed. eHealth encompasses a manner of 
healthcare transformation an provides us with lots of opportunities as well as challenges for future 
research and policies. 
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ABSTRACT 

BACKGROUND Health-related quality of life (HRQOL) assessment is important to facilitate decisions 
in the current treatment landscape of chronic myeloid leukemia (CML). Therefore, the availability 
of a validated HRQOL questionnaire, specifically developed for CML patients treated with tyrosine 
kinase inhibitors (TKIs), may enhance quality of research in this area. 
METHODS We performed an international study including 782 CML patients to assess the validity 
of the EORTC QLQ-CML 24 questionnaire, and to generate HRQOL reference values to facilitate 
interpretation of results in future studies. 
RESULTS Internal consistency, assessed with Cronbach’s alpha coefficients, ranged from 0.66 to 0.83. 
In the confirmatory factor analysis, all standardized factor loadings exceeded the threshold of 0.40 
(range 0.49-0.97), confirming the hypothesized scale structure. Reference values stratified by age 
and sex were also generated. 
CONCLUSION Our findings support the use of the EORTC QLQ-CML 24, in conjunction with the 
EORTC QLQ-C30, as a valuable measure to assess HRQOL in CML patients. 
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INTRODUCTION 

Since the introduction of oral tyrosine kinase inhibitors (TKIs) for the treatment of chronic myeloid 
leukemia (CML), the number of people living with this disease has remarkably increased, 1 and health-
related quality of life (HRQOL) has become an important goal of therapy.2 Indeed, life expectancy of 
CML patients now approaches that of their peers from the general population.3 
Imatinib was the first TKI approved for the treatment of CML in early 20004 and subsequently, other 
TKIs were also approved as frontline treatment by the US Food and Drug Administration (FDA) based 
on results from pivotal randomized controlled trials (RCTs) and these include: nilotinib,5 dasatinib,6 
and bosutinib.7 There are now four TKIs which can be used as alternative front-line therapies for newly 
diagnosed CML patients, with no major differences with regard to survival outcomes.8 However, 
these drugs do have specific side effects profiles which require appropriate management in routine 
practice.9 This scenario briefly illustrates why treatment decision-making in CML is particularly 
challenging, and underscores the importance of better understanding patient-reported HRQOL to 
more robustly inform patient care. 
Also, as administration of TKI therapy is typically lifelong, even low grade side effects may impact on 
daily living and overall patient’s wellbeing,10-12 with potential negative implications with regard to 
optimal adherence to therapy and long-term clinical outcomes.13-17 

Despite substantial knowledge is available on safety and clinical efficacy of CML therapies, little 
is known on patients’ HRQOL outcomes, particularly for patients treated with second generation 
TKIs,13 thereby limiting our knowledge on how to further improve healthcare quality in this cancer 
population. Therefore, the EORTC Quality of Life Group (QLG) started in 2010 the international 
development of a multidimensional HRQOL measure (i.e., the EORTC QLQ-CML24) for CML 
patients18 to be used in conjunction with the EORTC QLQ-C30.19 Examples of validated multidomain 
HRQOL measures that have been used in previous CML studies, include the Functional Assessment 
of Cancer Therapy (FACT)-BRM or the FACT-Leu. 20,21 Both measures have been implemented in 
pivotal RCTs and have greatly helped in providing important data to better understand the impact 
of newer CML therapies on patients’ HRQOL. This was the case, for example, for the IRIS study 
which compared imatinib versus interferon alfa plus low-dose cytarabine,22 and for the more recent 
BEFORE trial, which compared bosutinib versus imatinib in chronic phase CML patients.23 However, 
these questionnaires were not specifically developed for CML patients in treatment with modern 
TKI therapies. Another validated patient-reported outcome (PRO) measure used in CML research, 
is the MD Anderson Symptom Inventory (MDASI) CML.24 As well illustrated in the ENRICH study, 
for example, this measure has contributed to provide valuable data to understand patient-reported 
symptom burden when switching TKI therapies.25 However, rather than broader multidimensional 
HRQOL aspects, the MDASI-CML has been developed to assess symptom burden.24 
Therefore, the availability of a well-validated CML specific HRQOL measure in the current CML 
arena, may contribute to more thoroughly capture the burden of disease and therapy in this cancer 
population.26 Indeed, the specific population in which validity data of a given PRO instrument was 
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generated, is an important aspect to consider when evaluating if the PRO instrument is fit for purpose 
for the specific context of use.27,28 
We previously published the initial development of the EORTC QLQ-CML24 questionnaire, by also 
documenting item generation process,18 and we herein report the results of a large additional study 
to assess its validity. Given the importance of relying on reference values to enhance HRQOL outcome 
interpretation,29 we also aimed to provide age and sex-specific reference values for the EORTC QLQ-
C30 and the QLQ-CML24 in CML patients. 

PATIENTS AND METHODS 

sstudy tudy ddesign and esign and ddevelopment evelopment pprocess rocess 
Full results of the previous phases of the development of the EORTC QLQ-CML 24 questionnaire have 
been reported in a previous work,18 which included adult patients with a confirmed CML diagnosis. 
The first phase consisted in the identification of a core set of relevant issues for CML patients, 
through an iterative process involving both patients and healthcare providers. In the second phase, 
these issues were formatted as specific items of a questionnaire, according to the EORTC standards. 
This questionnaire was then tested for relevance and acceptability in the third phase. Overall, 637 
CML patients participated from nine countries and a provisional questionnaire (i.e., the EORTC QLQ-
CML24) including 24 items organized into four multi-item scales and two single items, was developed 
(see supplementary Table S1).18 
The hypothesized multi-item scales are symptoms burden (SB) (13 items), impact on worry/mood 
(WA) (4 items), impact on daily life (DL) (3 items), satisfaction with care and information (SA) (2 
items) while the single items are: body image problems (BI) and satisfaction with social life (SS). A 
higher score in SB, WA, DL and BI scales reflects a larger impairment in the corresponding domain, 
while a higher score on the SA and SS scales reflects a higher level of satisfaction. The EORTC 
QLQ-CML24 questionnaire was translated for each language according to the EORTC translation 
guidelines,30 and it is currently available in 21 language versions including: Arabic (Iraq), Arabic 
(Qatar), Chinese Mandarin (Malaysia), Chinese Mandarin (Taiwan), Czech, Danish, Dutch, English, 
Finnish, French (Europe), German, Greek, Hebrew, Hungarian, Italian, Japanese, Korean, Malay 
(Malaysia), Portuguese (Brazil), Spanish (Mexico), Spanish (Spain). 

ppopulation and enrollment criteria opulation and enrollment criteria 
In order to maximize broad coverage of disease and treatment-related characteristics, four groups 
of adult CML patients in treatment with TKIs were considered, who had not been enrolled in any of 
the previous phases of the initial development of the EORTC QLQ-CML 24 questionnaire.18 These 
included, patients who were in first line therapy with first generation TKI (i.e., imatinib only) (group 
A, N=121) or with second generation TKIs (e.g., dasatinib or nilotinib) (group B, N= 68). In these 
two patient groups HRQOL was assessed twice: before (t0) and after (t1) the achievement of the 
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first complete cytogenetic response (CCyR). The median time from treatment start to t0 was of 0.6 
weeks, while the median time from CCyR to t1 was 1 week. A third group consisted of patients 
who were in 2nd or greater line of therapy with any TKI, due to being resistant or intolerant to 
first line therapy (group C, N=66). In this group, HRQOL was measured only at study entry, after 
start of current treatment (median time 27.2 weeks). The fourth group (group D, N=70) consisted 
of patients who were in treatment with any TKI for at least 3 years and in CCyR. In this group, the 
median time from current treatment start to HRQOL assessment was 46.4 weeks. This latter group 
was a priori selected for the test-retest analysis and completed the questionnaires twice, that is, 
at baseline and follow-up (3 to 7 days after baseline). This group was not expected to show any 
changes in health status between the two HRQOL assessments (e.g. loss of CCyR, change in ECOG 
performance status). Debriefing interviews regarding the time taken to complete the questionnaires, 
any assistance needed, and if they had additional comments were also performed in these patients. 
Patients were recruited from Austria, Italy, Netherlands, Brazil, China, Iraq, Malaysia, and the USA. 
This study was registered at clinicaltrials.gov as NCT03075969 and overall included 325 patients. In 
an effort to enrich validation data by increasing sample size and patients’ heterogeneity, 2 additional 
cohorts of CML patients were also included post-hoc in the analysis. None of the patients from 
these additional cohorts had been enrolled in any of the previous phases of the development of the 
EORTC QLQ-CML 24 questionnaire. A cohort of 145 chronic phase (CP) CML patients recruited in the 
Netherlands, who were receiving imatinib (N=64) or second generation TKIs (N=81) in any line of 
treatment, whose HRQOL was measured only at study entry; and a cohort of 312 CP-CML patients 
recruited from Germany and Italy, who were in first-line treatment with either imatinib (N=215) 
or second generation TKIs (i.e., dasatinib, N=97).31 HRQOL was measured only at study entry, after 
start of current treatment (median time 17 months). Participating centers provided approval by their 
ethical committee and all patients provided informed consent. 

sstatistical analysis tatistical analysis 
Patients’ demographic and clinical characteristics were summarized by frequencies, means, standard 
deviations, and ranges, as appropriate. For each scale, characteristics of the corresponding score 
distribution were described by mean, standard deviation, median, minimum, and maximum scores, 
as well as skewness and kurtosis values. Cronbach’s alpha32  was used to estimate the internal 
consistency of each multi-item scale at t0. A Cronbach alpha coefficient ≥ 0.70 was considered 
acceptable.33 Test-retest reliability was assessed by estimating the intraclass correlation coefficient 
(ICC) as a measure of agreement between the first and second assessment (t0 and t1) of patients in 
Group D, using a two-way random effects model.34 We considered ICC values between 0.5 and 0.75, 
0.75 and 0.90 and greater than 0.90 as indicating respectively a “moderate”, “good” and “excellent” 
reliability.35 
To establish a fit for the hypothesized underlying scale structure of the EORTC QLQ-CML24, we 
performed a confirmatory factor analysis (CFA). We used the weighted least squares estimator with 
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adjustment for means and variances procedure, which allows for the modeling of ordinal data, and 
model identification was ensured by fixing the factor loading of one item per factor to one and by 
fixing the error variance of the single-item factors to zero. The goodness-of-fit of the CFA model 
was evaluated by the Comparative Fit Index (CFI), the Tucker-Lewis Index (TLI), and the Root Mean 
Squared Error of Approximation (RMSEA) [36]. CFI and TLI values above 0.95 or 0.90 indicate good 
or acceptable fit, respectively. RMSEA values below 0.05 or 0.08 indicate good or acceptable fit, 
respectively.37 
Convergent and divergent validity was assessed by examining the correlations between the scales of 
the EORTC QLQ-CML24 and the EORTC QLQ -C30 using the Spearman’s rank correlation coefficient. 
The discriminant validity of the EORTC QLQ-CML24 was assessed by performing known-group 
comparisons, comparing the means of the following patient subgroups: Comorbidity (0 vs. ≥1), 
ECOG performance status (0 vs. ≥1), and Treatment (Imatinib vs. 2nd generation TKIs). We used the 
Wilcoxon-Mann-Whitney test to evaluate differences between the patient subgroups. 
Responsiveness to change of the EORTC QLQ-CML24 scales was determined using the following 
anchors: 1) obtainment of a CCyR and 2) clinically meaningful deterioration and improvement, 
respectively, in the EORTC QLQ-C30 global health status/quality of life (QL) scale. We assessed 
clinically meaningful deterioration and improvement of the QL scale according to thresholds criteria 
reported by Cocks et al.38 The Wilcoxon signed-rank test was used to examine differences between 
baseline and follow-up scores. Patients in Group A and Group B were used for the responsiveness to 
change analyses. Finally, to provide reference HRQOL scores, mean scores with standard deviations 
were calculated for each scale of the EORTC QLQ-C30 and EORTC QLQ-CML 24 and the analyses were 
stratified by sex (male, female) and age groups (18-44, 45-64, ≥65 years). These age group categories 
were based on consensus among authors and on balance of number of patients represented in each 
of the three groups. P-values of <0.05 were considered statistically significant. All analyses were 
performed with SAS version 9.4 and with the R software version 3.5.2. 

RESULTS 

ppatient characteristics atient characteristics 
Overall, 782 CML patients enrolled from 59 centers in 9 countries were considered. Distribution of 
patients per country was the following: Austria (N=2), Brazil (N=3), China (N=7), Iraq (N=14), Italy 
(N=574), Malaysia (N=23), Netherlands (N=146), Germany (N=8), and the USA (N=5). The majority of 
the patients were receiving imatinib at study inclusion (N=456, 58.5%). Five patients were excluded 
from analyses of measurement properties and generation of reference values due to non-valid 
questionnaires. Further details are provided in Table 1. 
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Table 1. Socio-demographic and clinical characteristics of CML patients (N=782)

Variable Value 

Gender, N (%) 

Female 355 (45.4) 

Male 427 (54.6) 

Age, N (%) 

18-44 years 134 (17.1) 

45-64 years 311 (39.8) 

≥ 65 years 337 (43.1) 

Highest level of education, N (%) 

Compulsory school 230 (31.4) 

High school degree 328 (44.7) 

University degree or higher 175 (23.9) 

Missing 49 (.) 

TKI Treatment, N (%) 

Imatinib 456 (58.5) 

Dasatinib 185 (23.8) 

Nilotinib 113 (14.5) 

Other TKI 25 (3.2) 

Missing 3 (.) 
TKI: tyrosine kinase inhibitor

Table 2. Reliability and scale structure of the EORTC QLQ-CML24

Scale N of items Cronbach's α ICC Standardised 
Factor Loadings

SB 13 0.83 0.83 0.49-0.68

WA 4 0.69 0.76 0.59-0.73

DL 3 0.66 0.75 0.58-0.86

BI 1 NA 0.66 NA

SA 2 0.79 0.70 0.80-0.97

SS 1 NA 0.70 NA

Abbreviations: ICC= Intraclass Correlation Coefficient; SB=symptom burden; WA=impact on worry/mood; DL=impact on 
daily life; BI=body image problems; SA=satisfaction with care and information; SS=satisfaction with social life; NA=not 
available. Legend: *ICC was measured in Group D.
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Figure 1. Responsiveness to change of EORTC QLQ-CML24 scales by clinically meaningful deterioration in the EORTC QLQ-
C30 global health status/quality of life scale. 

Abbreviations: SB= symptom burden; WA= impact on worry/mood; DL= impact on daily life; BI= body image problems; SA 
= satisfaction with care and information; SS= satisfaction with social life; HRQOL=health related quality of life. Legend: * 
p < 0.05. 26 out of 120 patients reached a clinically meaningful deterioration in the EORTC QLQ-C30 global health status/
quality of life scale. 

Figure 2. Responsiveness to change of EORTC QLQ-CML24 scales by clinically meaningful improvement in the EORTC QLQ-
C30 global health status/quality of life scale. 

Abbreviations: SB= symptom burden; WA= impact on worry/mood; DL= impact on daily life; BI= body image problems; SA 
= satisfaction with care and information; SS= satisfac tion with social life; HRQOL=health related quality of life. Legend: * 
p < 0.05. 44 out of 120 patients reached a clinically meaningful improvement in the EORTC QLQ-C30 global health status/
quality of life scale. 
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qquestionnaire characteristics uestionnaire characteristics 
The characteristics of the EORTC QLQ-CML24 module were examined using the baseline scores 
(Supplementary Table S2). With the exception of the SB scale and WA scale, we observed the entire 
range of possible scores (0-100). Overall, the percentage of missing values was low across all items 
of the EORTC QLQ-CML24, with the mean percentage of missing items at baseline being around 1%. 

rreliability and scale structure of the QLQ-CML24 eliability and scale structure of the QLQ-CML24 
In the confirmatory factor analysis, all standardized factor loadings exceeded the threshold of 0.40 
(range 0.49-0.97), confirming the hypothesized scale structure of the EORTC QLQ-CML24 (Table 2). 
The CFI (0.96), the TLI (0.95), and the RMSEA (0.05) indicated good fit of the model. For the multi-
item scales, Cronbach’s alpha coefficients ranged from 0.66 for DL scale to 0.83 for the SB scale. The 
ICC in Group D ranged between 0.66 and 0.83 (Table 2), showing moderate to good reliability for the 
CML-24 scales. 

cconvergent and divergent validity of the scales onvergent and divergent validity of the scales 
Size and direction of the 90 possible correlations between the EORTC QLQ-C30 and QLQ-CML24 
scales were in accordance with the conceptual assumptions (see supplementary Table S3), indicating 
convergent and divergent validity. The SB scale, WA scale, DL scale, and BI scale correlated positively 
with the EORTC QLQ-C30 symptoms scales and negatively with the EORTC QLQ-C30 functional scales. 
The SS scale correlated positively with the EORTC QLQ-C30 functional scales and negatively with the 
EORTC QLQ-C30 symptom scales. The SA scale did not correlate significantly with the majority of 
the EORTC QLQ-C30 scales, except for a positive correlation with the global health status/QL scale. 

ddiscriminant validity iscriminant validity 
The mean scores of the QLQ-CML24 scales for each group comparisons (comorbidity, ECOG 
performance status, and type of TKI treatment) are reported in Table 3. Comparing CML patients 
with no comorbidities against those with one or more comorbidities, we found that patients with no 
comorbidities reported statistically significant better scores for SB (P<.001), WA (P=.007), DL (P<.001), 
BI (P=.028) and SS (P<.001). Correspondingly, patients with a better ECOG performance status (ECOG 
= 0) reported statistically significant better scores for SB (P<.001), WA (P<.001), DL (P<.001), BI 
(P<.001) and SS (P=.020). Finally, patients who were treated with Imatinib (i.e., first generation TKI) 
reported statistically significant worse scores compared to patients who were treated with 2nd or 
3rd generation TKIs for the following CML24 scales: SB (P<.001), DL (P=.002)and SS (P=.012). After 
having adjusted for age, which was unbalanced between the two groups, the results were in line with 
unadjusted comparisons (data not shown). 
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rresponsiveness to changeesponsiveness to change
This analysis yielded no statistically significant differences in any of the QLQ-CML24 scales from 
baseline to follow-up in patients who obtained a CCyR. However, patients who reported a clinically 
meaningful deterioration in the EORTC QLQ-C30 global health status/QL scale, reported changes 
in mean scores in the expected direction and with a statistically significant deterioration in the SB 
scale (P= 0.005) and the DL scale (P=0.023) (Figure 1). Correspondingly, patients who reported a 
clinically meaningful improvement in the EORTC QLQ-C30 global health status/QL scale, reported a 
statistically significant improvement in the SB scale (P = 0.005) and the DL scale (P = 0.033) (Figure 2). 

rreference hrqol values by age and sex eference hrqol values by age and sex 
Overall, men reported better EORTC QLQ-C30 scores than women across all domains. Differences 
between younger and older group categories (ie., 18-44 versus ≥ 65 years) exceeding 10 points were 
observed in men for PF, RF, QL, FA, DY, SL, and AP, and in women for PF, RF, SF, PA, DY, SL, and CO. For 
most domains of the QLQ-C30, scores deteriorated with increasing age. Full results are reported in 
Table 4. 
Men showed better scores than women across all domains of the QLQ-CML24. The two largest 
differences between older and younger patients (ie., 18-44 versus ≥ 65 years) in men and women 
were found for DL (9.4 points) and SS (9.6 points) and for BI (9.3 points) and SS (10.5 points), 
respectively. The majority of domains of the QLQ-CML24 deteriorated with increasing age. Details 
are reported in Table 5. 
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Table 4. EORTC QLQ-C30 reference values by age and sex

Men Women
All 18-44 

years
45-64 
years

≥65 
years

All 18-44 
years

45-64 
years

≥65 
years

N = 425 N = 91 N = 154 N = 180 N = 352 N = 40 N = 156 N = 156

Scales M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

(A) Functional scales and global QoL

Physical 
functioning (PF)

83.6 
(19.9)

93.9 
(9.8)

87.8 
(16.1)

74.8 
(22.8)

79.1 
(20.0)

89.3 
(14.1)

82.5 
(17.9)

73.1 
(21.5)

Role functioning 
(RF)

83.3 
(25.5)

92.7 
(13.2)

83.6 
(24.0)

78.3 
(29.8)

77.7 
(26.5)

86.3 
(19.9)

79.5 
(25.1)

73.6 
(28.8)

Emotional 
functioning (EF)

84.6 
(20.9)

87.6 
(17.5)

85.0 
(20.8)

82.7 
(22.4)

79.5 
(22.5)

84.2 
(20.2)

80.4 
(23.5)

77.5 
(22.1)

Cognitive 
functioning (CF)

83.8 
(18.8)

84.3 
(17.1)

84.8 
(18.7)

82.7 
(19.7)

79.5 
(21.1)

83.1 
(17.0)

79.2 
(22.1)

78.9 
(21.1)

Social functioning 
(SF)

88.3 
(19.2)

93.4 
(10.8)

88.0 
(19.3)

86 
(21.8)

83.7 
(22.7)

92.1 
(13.6)

83.4 
(21.4)

81.7 
(25.4)

Global QoL (QoL) 72.1 
(20.3)

78.6 
(17.1)

73.4 
(19.0)

67.7 
(21.8)

67.9 
(21.9)

74.2 
(16.8)

68.8 
(21.1)

65.3 
(21.6)

(B) Symptom scales 

Fatigue (FA) 28.0 
(24.4) 

22.0 
(18.5)

26.0 
(23.5)

32.9 
(26.9)

35.2 
(24.4)

31.7 
(24.3)

33.5 
(22.4)

37.9 
(26.3)

Nausea/vomiting 
(NV)

6.2 
(13.0)

6.2 
(11.3)

4.4 
(10.1)

7.7 
(15.7)

9.4 
(18.5)

9.2 
(13.6)

7.1 
(13.3)

11.8 
(23.3)

Pain (PA) 16.0 
(21.9)

10.6 
(17.0)

16.6 
(22.6)

18.3 
(23.1)

19.7 
(25.1)

9.6 
(13.0)

16.4 
(23.9)

25.6 
(27.2)

Dyspnea (DY) 17.0 
(24.6)

11.7 
(19.5)

14.2 
(21.2)

22.2 
(28.5)

22.3 
(26.5)

14.2 
(19.8)

18.4 
(24.0)

28.3 
(39.1)

Sleep disturbances 
(SL)

19.2 
(27.7)

12.8 
(23.7)

17.1 
(24.8)

24.2 
(31.0)

25.7 
(29.0)

15.8 
(23.9)

23.9 
(27.8)

30.1 
(30.7)

Appetite loss (AP) 10.2 
(22.9)

5.5 
(16.7)

6.3 
(18.6)

16 
(27.5)

12.3 
(24.5)

7.5 
(19.2)

8.8 
(20.1)

17.1 
(28.7)

Constipation (CO) 9.9 
(19.3)

5.9 
(13.7)

7.8 
(18.2)

13.6 
(22.0)

14.3 
(23.7)

7.5 
(16.0)

12.1 
(24.4)

18.3 
(24.3)

Diarrhea (DI) 12.0 
(22.4)

8.4 
(17.6)

12.6 
(22.9)

13.2 
(24.1)

13.0 
(22.3)

13.3 
(22.4)

12.4 
(21.3)

13.4 
(23.3)

Financial problems 
(FI)

9.8 
(22.6)

15.4 
(28.2)

6.3 
(23.5)

6.3 
(17.5)

10.2 
(21.4)

8.3 
(18.1)

10.1 
(22.3)

10.8 
(21.5)

M: mean; SD: standard deviation; QoL: quality of life.
A higher score in functional scales and global QoL reflects better outcomes, while a higher score on symptom scales reflect 
higher symptom severity.
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DISCUSSION 

We present the results of an international validation study of the EORTC QLQ-CML24 questionnaire, 
which is meant to be used in conjunction with the EORTC QLQ-C30, to assess HRQOL in patients with 
CML. 
Considering also previous initial validation steps, 18 the development of this questionnaire was based 
on more than 1400 unique patients, mainly from Europe, enrolled across 73 centers. Current findings 
build on previous phases, which were mainly focused on items generation and questionnaire scale 
structure definition,18 and corroborate the robustness of its psychometric properties. 
Factor analysis confirmed the hypothesized structure and fit indices were high. Overall, its scales’ 
reliability, validity, and sensitivity to change were good and there were also very few missing values, 
indicating high acceptance from the patients’ perspective. Readability and use of plain-language 
in PRO questionnaires in oncology is important to enhance their value and impact on real-ward 
practice, 39 and in this regard, we observe that our validation sample mainly consisted of lower 
educated patients (i.e., more than 70% had up to a high-school degree). 
While a large body of knowledge is available on safety and clinical efficacy of current CML therapies, 

Table 5. EORTC QLQ-CML24 reference values by age and sex

Men Women

All 18-44 
years

45-64 
years

≥65 
years

All 18-44 
years

45-64 
years

≥65 
years

N = 425 N = 91 N = 154 N = 180 N = 352 N = 40 N = 156 N = 156

Scales M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Symptom 
burden (SB)

19.6 
(15.0)

15.0 
(12.8)

19.0 
(15.8)

22.6 
(14.8)

23.8 
(15.8)

18.0 
(11.1)

23.3 
(15.0)

25.9 
(17.3)

Impact on 
worry/mood 
(WA)

19.8 
(17.5)

18.8 
(15.2)

18.9 
(17.4)

21.0 
(18.6)

23.7 
(19.8)

22.3 
(17.1)

22.9 
(19.3)

25.0 
(21.0)

Impact on daily 
life (DL)

20.3 
(20.7)

15.5 
(16.6)

17.9 
(19.1)

24.9 
(22.9)

23.5 
(22.1)

23.1 
(17.7)

22.2 
(21.0)

24.9 
(24.1)

Body image 
problems (BI)

16.3 
(25.4)

12.7 
(24.4)

13.7 
(23.1)

20.3 
(27.3)

21.8 
(29.1)

15.8 
(22.6)

20.1 
(29.1)

25.1 
(30.2)

Satisfaction 
with care and 
information (SA)

80.8 
(22.6)

79.2 
(22.4)

85.2 
(19.1)

77.9 
(24.8)

77.9 
(25.3)

79.6 
(22.5)

79.9 
(25.7)

75.4 
(25.4)

Satisfaction with 
social life (SS)

69.4 
(27.1)

73.5 
(24.3)

73.4 
(25.2)

63.9 
(29.0)

64.6 
(29.0)

72.5 
(26.0)

65.1 
(29.2)

62.0 
(29.3)

M: mean; SD: standard deviation; QoL: quality of life.
A higher score in SB, WA, DL, and BI scales reflects a larger impairment in the corresponding domain, while a higher score 
on the SA and SS scales reflects a higher level of satisfaction.
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little is known on patients’ HRQOL,13 and this may partly be related to the lack of available disease-
specific PRO measures. 
The EORTC QLQ-C30, either used alone or in conjunction with the EORTC QLQ-CML24, have 
been used in a number of studies,15,31,40,41 and the establishment of CML specific reference values 
stemming from our analysis, will help interpretation of findings in future research using these 
questionnaires. Interpretation of HRQOL results is often challenging and the availability of age and 
sex-specific benchmark data is important to better contextualize findings from clinical studies. We 
observed that male patients reported better outcomes than female patients across all scales of both 
EORTC questionnaires and this finding is in line with previous evidence using other PRO measures, 
which indicated better HRQOL profiles in male CML patients compared to women.22,42 This data is 
in keeping with a recent large HRQOL study on the general population, which indicated that men 
tended to report better outcomes compared to women, in various health domains of the EORTC 
QLQ-C30 questionnaire.29 
With regard to CML disease specific aspects, we found large differences in satisfaction with social 
life favoring younger (18-44 years) versus older patients (≥ 65 years), and this finding was consistent 
both in men and women. Conversely, differences in age groups with regard to impact on daily life 
were only evident in men with negligible differences amongst age group categories in women, and 
this finding begs for more research in future studies. 
Implementation of the EORTC QLQ-CML24 questionnaire is envisaged both in clinical research and 
routine practice settings. In the former case, for example, it can provide unique PRO information to 
better balance clinical efficacy and (physician-reported) toxicity data. However, it should be observed 
that selection of the most appropriate PRO measure in clinical research, always depends on the 
specific research question and other aspects related to the logistic of the study. For example, as in 
some studies including CML patients, investigators may only be interested in examining symptom 
burden, rather than more general aspects regarding the impact of the disease and therapy on 
patients’ life, the use of multidomain HRQOL questionnaires might not be the preferred option. 
In the latter case (i.e., routine practice settings), the systematic use of the QLQ-CML24 might 
improve a timely recognition of key symptoms or other health concerns, which might otherwise get 
unrecognized by physicians43 with several negative implications for disease management. Considering 
the chronic nature of current oral TKI therapies, which are typically administered on a daily basis, 
prompt recognition and appropriate management of even low-grade side effects, becomes critical to 
facilitate optimal medication-taking behavior and in turn maximize response to therapy.16,17 There is 
convincing evidence on the clinical value of using PRO measures in clinical practice of patients with 
solid tumors, for example improving patient-clinician communication or symptom management,44 
therefore, laying the groundwork for future implementation of PRO measures in CML routine care. 
Recent initiatives, well illustrate the importance of using PRO data in real-life in order to improve 
patient-centered care for CML patients.45 
Our study has limitations. Although we expected to find a HRQOL improvement at the obtainment of 
CCyR, this was not the case. One possible reason is that current HRQOL improvements with modern 
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targeted therapies, already occur in the early phase of treatment (i.e. even before reaching a CCyR),46 
therefore making it difficult to demonstrate further HRQOL improvements after a clinical response. 
However, analysis of clinically meaningful deteriorations and improvements over time in global health 
status, revealed changes in QLQ-CML24 scales in the expected directions, therefore supporting its 
sensitivity. Also, despite we included several countries, the majority of patients were from Italy and 
the Netherlands and, therefore, a larger representation of patients from other countries in future 
works is needed to strengthen its use in international studies. 
This analysis also has key strengths. First, patients were enrolled across more than 50 centers, 
therefore lending further credit to generalizability of findings to the larger CML population seen in 
daily practice. Also, the large sample size allowed to generate disease specific reference values, that 
will help to better contextualize HRQOL results of future CML studies an interpretation of scores in 
individual patients. 
In conclusion, as HRQOL has become a critical issue in the current CML arena, disease specific PRO 
measures, such as the EORTC QLQ-CML24, could contribute to generate unique data to improve 
healthcare delivery in CML patients. 
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Table S1. Scales and items included in the EORTC QLQ-CML24
Scale Item of EORTC QLQ-CML24

Symptom burden (SB) 1. Have you had abdominal pains or cramps?
2. Have you had a dry mouth?
4. Have you had skin problems (e.g. colour changes, itchy, 
dry or flaking skin)? 
5. Have you had headaches?
6. Have you had aches or pains in your muscles or joints?
7. Have you had hair loss?
8. Have you sweated excessively?
9. Have you had acid indigestion or heartburn?
10. Have you felt drowsy?
11. Have you experienced any swelling in certain parts of 
your body (e.g. ankles, legs or around your eyes)?
12. Have you had to urinate frequently?
13. Have you had problems with your eyes (e.g. burning, 
watery, irritated or dry)?
14. Have you had muscle cramps?

Impact on worry/mood (WA) 3. Have you been concerned about changes in your weight?
15. Have you had emotional ups and downs?
16. Have you worried about your future health?
18. Have you worried about getting an infection?

Impact on daily life (DL) 17. Have you had any difficulties carrying on with your usual 
activities because of getting tired easily?
20. How much has your treatment been a burden to you?
21. Have you needed social support (e.g. family, friends or 
relatives) to undergo therapy or to cope with the disease?

Body image problems (BI) 19. Have you felt dissatisfied with your body as result of the 
disease or treatment?

Satisfaction with care and information (SA) 22. Have you felt satisfied with the care you have received?
23. Have you felt satisfied with the information you have 
received (e.g. about the disease and its treatment)?

Satisfaction with social life (SS) 24. Have you felt satisfied with the quality of your social life 
(including family and/or friends)?

Legend: Each item of the EORTC QLQ-CML24 is answered on a 4-point Likert scale, on which the respondents indicate 
the extent to which they have experienced these symptoms or problems during the past week (i.e., “not at all”=1, “a 
little”=2, “quite a bit”=3, “very much”=4). For each scale, the raw scores of the corresponding items are processed by 
a scoring algorithm to generate a final score ranging from 0 to 100. A higher score in SB, WA, DL and BI scales reflects 
a larger impairment in the corresponding domain, while a higher score on the SA and SS scales reflects a higher level 
of satisfaction.

SUPPLEMENTAL TABLES
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Table S2. Characteristics of the EORTC QLQ-CML24 scales
Scale Mean SD Median Min Max Skewness Kurtosis % 

missing 
values

SB 21.5 15.5 18.0 0 87.2 1.0 1.0 0-1%

WA 21.6 18.6 16.7 0 91.7 1.1 1.1 0-2%

DL 21.8 21.3 11.1 0 100 1.3 1.3 1-2%

BI 18.8 27.2 0 0 100 1.4 1.2 2%

SA 79.5 23.8 83.3 0 100 -1.3 1.7 2-3%

SS 67.2 28.0 66.7 0 100 -0.6 -0.2 2%

Abbreviations: SB=symptom burden; WA=impact on worry/mood; DL=impact on daily life; BI=body image problems; 
SA=satisfaction with care and information; SS=satisfaction with social life.
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ACHTERGRONDEN BIJ DIT PROEFSCHRIFT

Chronische myeloïde leukemie (CML) is een bloedkanker die zijn oorsprong vindt in het beenmerg. 
Kenmerkend is de aanwezigheid van het Philadelphia chromosoom, een afwijkend chromosoom 22 
dat het resultaat is van een translocatie (plaatsverwisseling) tussen een deel van chromosoom 9 
(ABL gen) en 22 (BCR gen, zie ook figuur 1 op pagina 10). Bij deze verwisseling ontstaan het BCR-
ABL gen, wat een zeer actief tyrosine kinase eiwit produceert. Dit eiwit stimuleert een toegenomen 
deling van bloedcellen, die vervolgens uitrijpen. Zo neemt vooral het aantal witte bloedcellen toe, 
maar blijven deze wel normaal functioneren. Dit verklaart ook waarom CML-patiënten, vergeleken 
met bijvoorbeeld patiënten met een acute vorm van leukemie, betrekkelijk weinig klachten kunnen 
ervaren. Door dit asymptomatisch beloop wordt deze ziekte dan ook vaak bij toeval gevonden, 
bijvoorbeeld bij routine bloedonderzoek. CML is een zeldzame kankersoort en per jaar worden 
ruwweg 175 nieuwe patiënten in Nederland gediagnosticeerd, waarvan ongeveer 160 in een 
chronische fase (CML-CP).
Lange tijd was CML een ziekte met een lage levensverwachting en werden patiënten behandeld 
met chemotherapie of beenmergtransplantatie. De resultaten van de behandelingen waren niet zo 
goed als ze nu zijn en de gemiddelde overleving was 3-5 jaar. In 2001 werd de eerste remmer van 
het tyrosine kinase eiwit, de tyrosine kinase inhibitor (TKI) imatinib, geïntroduceerd met als gevolg 
dat de vooruitzichten van CML-patiënten sterk zijn verbeterd met een 10-jaars overleving van 83%. 
Inmiddels worden er vijf verschillende TKI’s gebruikt in de dagelijkse praktijk en wordt een zesde 
verwacht. Nog steeds kan CML niet genezen worden, TKI’s kunnen de ziekte echter wel effectief en 
voor langere tijd onderdrukken, waardoor veel patiënten een vrijwel normale levensverwachting 
hebben. Zodoende is deze vorm van kanker inmiddels bijna te beschouwen als een chronische 
aandoening. Bij een deel van de patiënten die langere tijd behandeld worden met TKI’s en waarbij de 
ziekte goed geremd wordt, kan er overwogen worden te stoppen met TKI-behandeling (medicatievrije 
remissie). 
Het is belangrijk dat het ziekteproces goed gecontroleerd wordt via moleculaire monitoring: het 
kwantificeren van het BCR-ABL transcript in het bloed met een PCR-test. Zo kan op tijd worden 
bijgestuurd wanneer de ziekte onvoldoende onderdrukt wordt, bijvoorbeeld door ontwikkeling 
van TKI-ongevoeligheid. De richtlijnen met aanbevelingen over de frequentie van monitoring en 
definities van de behandeluitkomsten zijn vaak wel bekend bij artsen, maar worden als moeilijk 
vindbaar, complex en tijdrovend gezien. Dit leidt ertoe dat artsen zich onvoldoende houden aan de 
richtlijnen. Deze suboptimale richtlijnadherentie is geassocieerd met slechtere behandeluitkomsten. 
Bovendien slaan patiënten die adequaat gemonitord worden minder vaak een TKI-dosering over. Het 
correct innemen van het aantal voorgeschreven doses TKI, oftewel de therapietrouw van patiënten, 
is naast adequate monitoring de andere belangrijke voorwaarde voor een goede behandeling.
De slechtere behandeluitkomsten, die patiënten ervaren wanneer de richtlijnadherentie en/of 
therapietrouw suboptimaal is, leiden tot een toename van resistentie en ziekteprogressie, wat 
vervolgens ook leidt tot een stijging van gezondheidszorggebruik en zorgkosten. Juist in de huidige 
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tijd, waarin we steeds meer ziekten beter kunnen behandelen, is aandacht voor de alsmaar groeiende 
zorgkosten van belang en verandering van het huidige systeem een noodzaak. Immers, met een 
wereldwijde toename in vóórkomen van chronische aandoeningen en een vergrijzende populatie 
zullen zorgkosten exponentieel blijven stijgen.
Daarnaast wordt zorgverandering ook aangedreven door de toenemende autonomie van patiënten, 
waarbij zij de regie nemen in het eigen zorgproces. Om dit weloverwogen te kunnen doen, dienen 
patiënten hierin ondersteund te worden en te worden uitgerust met de juiste kennis en handvatten, 
toegespitst op de eigen situatie. De verandering van zorg vereist innovatieve strategieën, waarbij de 
wensen en behoeften van de individuele patiënt over zijn/haar gezondheid centraal staan.

SAMENVATTING VAN DIT PROEFSCHRIFT

In dit proefschrift hebben we allereerst de uitdagingen en verbeterpunten in de huidige zorg voor 
CML-patiënten in kaart gebracht. Vervolgens richtten we ons op het ontwikkelen van strategieën ter 
verbetering van de zorg voor CML-patiënten, op een wijze waarbij de patiënt centraal staat.

DEEL I - WAT ZIJN DE UITDAGINGEN IN DE HUIDIGE CML ZORG?DEEL I - WAT ZIJN DE UITDAGINGEN IN DE HUIDIGE CML ZORG?

Het grote overlevingsvoordeel van het gebruik van TKI’s door patiënten met CML is uitgebreid 
onderzocht in verscheidene klinische studies. De vertaling van de resultaten uit deze studies naar 
de dagelijkse praktijk wordt beperkt door de strikte selectiecriteria die in klinische trials worden 
gehanteerd, waardoor zij niet één op één toepasbaar hoeven te zijn op de patiënt in de spreekkamer. 
Met name oudere patiënten zijn doorgaans ondervertegenwoordigd in de klinische trials, op basis 
van leeftijd, maar ook door comorbiditeit en andere medicatie. Om de toepassing en effecten van 
TKI-behandeling in de gehele landelijke CML-populatie te onderzoeken zijn zogenoemde real-world 
data nodig. In hoofdstuk 2 en 3 hebben wij dit onderzocht en daarbij gebruik gemaakt van data uit 
de Nederlandse Kankerregistratie (NKR).

In hoofdstuk 2 hebben we de overleving onderzocht van CML-patiënten in Nederland, 
gediagnosticeerd in het TKI-tijdperk (2001-2018). We hebben de vijf-jaar relatieve overleving (d.w.z. 
overleving gecorrigeerd voor de normale levensverwachting op basis van leeftijd en geslacht) bepaald 
op het moment van diagnose en voor elk jaar dat vervolgens overleefd is, tot 10 jaar na diagnose 
(oftewel de vijf-jaar conditionele relatieve overleving). De vijf-jaar relatieve overleving bij diagnose 
was 87% en de vijf-jaar conditionele relatieve overleving, 5 jaar na diagnose, was 95%. Opvallend 
was het verschil in vijf-jaar relatieve overleving voor patiënten in de leeftijdsgroep 18-59 en de groep 
60 jaar en ouder; namelijk 96% versus 80%, respectievelijk. Daaruit kan geconcludeerd worden dat 
CML-patiënten die, op het moment van diagnose, 60 jaar of ouder zijn, oversterfte ervaren. 
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Om beter inzicht te krijgen in de behandeling en overleving van oudere CML-patiënten, hebben we 
in hoofdstuk 3 de trends in behandeling en de impact daarvan op de overleving van CML-patiënten 
van 70 jaar en ouder onderzocht, onderverdeeld in groepen van 70-74 jaar, 75-79 jaar, 80-84 jaar en 
85 jaar en ouder. Hieruit bleek dat het gebruik van behandelingen tegen CML (ongeacht de soort) 
toenam over de tijd onder alle leeftijdsgroepen. Ook de relatieve overleving is sinds de introductie 
van TKI’s aanzienlijk verbeterd in alle leeftijdsgroepen. Echter, de verbetering in relatieve overleving 
onder patiënten van 75 jaar en ouder bleef achter, vergeleken met de leeftijdsgroep 70-74 jaar. Dit 
was zowel in de periode net voor als meteen na introductie van TKI’s (1989-2000 en 2001-2008). De 
toename in relatieve overleving bij 75-plussers was het duidelijkst tussen de periode 2001-2008 en 
de periode 2009-2017. Dit duidt erop dat patiënten van 75 jaar en ouder mogelijk niet onmiddellijk 
hebben geprofiteerd van de vooruitgang in CML zorg. 
De in hoofdstuk 2 en 3 gebruikte database bevatte geen gedetailleerde informatie over bijwerkingen, 
dosis verlagingen van TKI’s, behandeluitkomsten, monitoring van de behandeling of onderbouwing 
van behandelkeuzes, waardoor we alleen maar kunnen speculeren over de oorzaak. De verklaring 
kan meerledig zijn waarbij zowel arts- als patiënt gerelateerde factoren een rol kunnen spelen, 
zoals terughoudendheid bij de arts om TKI’s voor te schrijven bij oudere, kwetsbare, patiënten met 
meerdere comorbiditeiten en medicijnen, bijwerkingen, of een wens vanuit de patiënt om niet 
behandeld te worden. 

In hoofdstuk 4 hebben we eveneens gebruik gemaakt van real-world data uit de Nederlandse populatie 
om de toepassing van (inter)nationale CML-richtlijnen in de praktijk te onderzoeken. Zoals eerder 
genoemd zijn de aanbevelingen in richtlijnen voornamelijk gebaseerd op resultaten van grote klinische 
studies en is de studiepopulatie niet direct vergelijkbaar met de patiëntpopulatie in de dagelijkse 
klinische praktijk. Wij hebben daarom onderzocht wat de adherentie is aan 7 kwaliteitsindicatoren, 
die in een expertpanel zijn vastgesteld en zijn gebaseerd op de belangrijkste aanbevelingen in de 
Europese CML richtlijn. Eén indicator omvatte het proces van diagnose, één de behandeling en vijf 
indicatoren hadden betrekking op de monitoring van behandeling. Uit de resultaten blijkt dat in 83% 
respectievelijk 78% van de gevallen de diagnose en behandeling volgens de kwaliteitsindicator is 
verlopen. Monitoring daarentegen is veel minder volgens de kwaliteitsindicatoren uitgevoerd: het 
percentage monitoring tijdens het 1e jaar na start behandeling varieerde tussen 21% en 27% en 
voor het 2e en 3e jaar was dit respectievelijk 58% en 62%. De voornaamste oorzaak van het niet 
volgen van de richtlijn was dat de monitoring niet binnen het gewenste tijdvak plaatsvond. Dit zou 
erop kunnen wijzen dat de tijdsmomenten zoals aanbevolen in de richtlijn moeilijk uitvoerbaar zijn 
in de dagelijkse klinische praktijk. Men moet immers afspraken voor bloedafname en een consult 
inplannen, vervolgens moeten de resultaten van het onderzoek afgewacht worden en daarna moet 
de patiënt geïnformeerd worden en behandeld worden op grond van de monitoringsresultaten. Dit 
laatste moet ook in samenspraak met de patiënt gebeuren. Een andere opvallende bevinding was dat 
de leeftijd van de groep patiënten die aan vier of meer kwaliteitsindicatoren voldeed significant lager 
was dan die van patiënten die aan geen of maar een enkele kwaliteitsindicator voldeden. Informatie 
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over de oorzaak hiervoor konden we niet uit onze database halen. Echter, ook hier kan het zo zijn 
dat artsen weloverwogen van de richtlijn zijn afgeweken in een subpopulatie van patiënten met een 
hogere leeftijd, in combinatie met meer comorbiditeiten. Deze factoren kunnen immers meer van 
invloed zijn op de levensverwachting dan de CML zelf. Deze klinische dilemma’s komen onvoldoende 
aan bod in de huidige richtlijnen. 

DEEL II – STRATEGIEËN VOOR PATIËNTGERICHTE ZORGDEEL II – STRATEGIEËN VOOR PATIËNTGERICHTE ZORG

Omdat het ontwikkelen van innovaties en nieuwe strategieën voor het tot stand brengen van 
patiëntgerichte zorg geld kost, hebben we eerst de ruimte voor investeringen bepaald, alvorens een 
innovatie te ontwikkelen. Dit hebben we in hoofdstuk 5 gedaan door te onderzoeken wat het aan 
winst in euro’s en kwaliteit van leven (quality-adjusted life years (QALYs)) oplevert wanneer zowel 
adherentie door artsen aan richtlijnen als therapietrouw door patiënten worden verbeterd. Hieruit 
bleek dat er aanzienlijk bespaard kan worden op zorgkosten. Zo kan per patiënt, voor elk procent 
verbetering in richtlijnadherentie door artsen of in medicatietrouw door patiënten, respectievelijk 
€272 en €666 worden bespaard over een periode van 25 jaar. Wanneer therapietrouw tot 100% 
verbeterd zou worden, dan kan er ongeveer €2,8 miljoen en 16,5 QALY bespaard worden per jaarlijks 
cohort van (160) nieuwe CML-CP patiënten, in dezelfde periode. Voor richtlijnadherentie door 
professionals is de winst in het geval van perfecte adherentie €1,2 miljoen en 6,1 QALY.

Naast de economische kant hebben we ook gekeken naar de tekortkomingen in informatievoorziening 
en informatiebegrip in de huidige zorg voor patiënten met kanker. Dit hebben we gedaan met een 
uiteenzetting van de meest recente literatuur over dit onderwerp in hoofdstuk 6. Vervolgens hebben 
we een aantal (digitale) interventies gericht op het verbeteren van de informatievoorziening bij 
kankerpatiënten besproken. Het internet vervult een steeds grotere rol als informatiebron en in de VS 
wordt het internet vaker als bron van informatie geraadpleegd dan de zorgprofessional. Desondanks 
worden door patiënten nog steeds tekortkomingen in de informatievoorziening gerapporteerd. 
Dit heeft negatieve gevolgen, zoals een negatievere ziekteperceptie en minder tevredenheid over 
de zorg. Een adequate informatievoorziening daarentegen lijkt positieve effecten te hebben, zoals 
verbeteringen in psychologisch welzijn, kwaliteit van leven, therapietrouw en betrokkenheid in het 
maken van zorgkeuzes. Opvallend is dat er een variëteit aan digitale interventies bestaat gericht 
op het vervullen van de informatiebehoeften van patiënten met kanker. Echter, de effectiviteit 
ervan is niet aangetoond in klinische, gerandomiseerde, studies. In kwalitatieve studies is echter 
door patiënten zelf wel een toegevoegde waarde van digitale interventies gerapporteerd. Mogelijke 
verklaringen hiervoor luiden: een mismatch in leesbaarheid van informatie en het leesniveau van 
de patiënt, het gebrek aan onderzoek naar informatiebehoeften in specifieke patiëntgroepen zoals 
ouderen of patiënten met een laag sociaaleconomische status, of dat de eindpunten gehanteerd in 
klinische studies niet de goede eindpunten zijn.  
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Vervolgens zijn we begonnen met de ontwikkeling van een digitale innovatie voor CML-patiënten. 
Zoals besproken vormen de behoeften en wensen van de patiënt de kern van patiëntgerichte 
zorg, zo ook in de ontwikkeling van patiëntgerichte innovaties. Hoofdstuk 7 beschrijft stapsgewijs 
het ontwikkelproces vanaf het startpunt, de CML-patiënt, tot de uiteindelijke totstandkoming van 
het CMyLife platform (www.cmylife.nl). De behoeften die het meest door CML-patiënten werden 
gerapporteerd waren: 1) meer inzicht verkrijgen in de eigen ziekte; 2) meer inzicht verkrijgen in 
en begrip van de ervaren symptomen; 3) verbeteringen in de organisatie van de levering van zorg. 
Deze behoeften vormden de basis van het proces waarin verschillende rondes van ontwikkelen, 
testen, aanpassen en opnieuw testen op basis van feedback van patiënten en zorgprofessionals (o.a. 
hematologen, apothekers, moleculair biologen) werden doorlopen. Het uiteindelijke resultaat is 
het digitale en patiëntgerichte CMyLife platform. CMyLife bevat meerdere functies en onderdelen, 
allemaal gericht op het vervullen van de eerdergenoemde behoeften en wensen. Zo kan er inzicht in 
het ziekteproces worden verkregen door een informatieve website (Figuur 1), een persoonlijk online 
dossier waarin patiënten hun BCR-ABL waarden en symptomen kunnen loggen en een richtlijnapp 
die deze BCR-ABL waarden op begrijpelijke wijze vertaalt naar wat de richtlijn over de uitslag op 
dat moment zegt (Figuur 2). Het bijhouden van de ervaren symptomen en de symptoom-specifieke 
informatieve pagina’s op de website kunnen inzicht in de bijwerkingen en ziektelast geven. De 
organisatie van CML zorg is veranderd met opties van e-consulten, thuislevering van medicatie en 
het dichtbij huis afnemen van bloed voor moleculaire monitoring. Patiënten bepalen zelf waar zij 
behoefte aan hebben en van welke opties zij gebruik willen maken. Het overkoepelende geheel 
van het digitale zorgplatform is uniek. Andere digitale innovaties zijn vaak beperkt tot één enkel 
onderdeel zoals een website of app voor op de telefoon. Daarnaast worden patiënten vaak pas na de 
ontwikkeling van een platform betrokken in plaats van tijdens de ontwikkelingsfase. 

Figuur 1. Screenshot van de website.
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De resultaten van hoofdstuk 6 en 7 worden verbonden in hoofdstuk 8, waarin wij hebben onderzocht 
hoe CML-patiënten, vóór het gebruik van CMyLife, de informatievoorziening beoordeelden en hoe 
vervolgens de informatieve CMyLife website is gebruikt gedurende de eerste drie jaar. De globale 
informatievoorziening werd door patiënten suboptimaal beoordeeld en er werd een middelmatige 
tevredenheid gerapporteerd. Volgens patiënten ontbrak het met name aan informatie over het 
effect van ziekte en behandeling op aspecten van het dagelijks leven, sociaal leven en seksualiteit, en 
psychologische ondersteuning. Ook gaf een kwart van de patiënten aan geen informatie ontvangen 
te hebben over de positieve en negatieve effecten van TKI’s. Gebruikersdata van de website toonden 
een actief gebruik waarbij over de jaren heen telkens nieuwe accounts aangemaakt werden. Verder 
zagen we dat de pagina’s over medicatie en bijwerkingen het meest bezocht werden. Pagina’s over 
het leven met CML en ondersteuning buiten het ziekenhuis werden minder frequent bezocht. 
Mogelijk waren deze pagina’s te lastig te vinden of is er een mismatch in het informatieaanbod en 
de behoefte van patiënten. Opvallend was namelijk dat maar een derde van de patiënten aan gaf 
te weten waar bruikbare gezondheidsinformatie online te vinden was. Daarnaast waren een leeftijd 
boven de 65 jaar, lager opleidingsniveau en langere tijd sinds diagnose geassocieerd met meer 
behoefte aan extra informatie. 

Figuur 2. Voorbeeld van meldingen van de richtlijnapp.
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In hoofdstuk 9 hebben we de effectiviteit van CMyLife onderzocht op informatievoorziening, 
patient empowerment, therapietrouw, moleculaire monitoring, richtlijnadherentie en kwaliteit van 
leven. Al bij de nulmeting, vóór het gebruik van CMyLife, werd een hoge mate van medicatietrouw 
gerapporteerd, die veel hoger was dan in de literatuur beschreven en wat verdere verbetering 
bemoeilijkte. Na gebruik van CMyLife rapporteerden patiënten meer last te hebben ervaren van 
symptomen, maar de impact op het dagelijks leven ervan was verminderd. Dit suggereert dat het 
actief bijhouden en registreren patiënten bewuster kan maken van de ervaren symptomen, maar 
dat men beter in staat is om met die symptomen om te gaan. Patient empowerment verbeterde 
na gebruik van CMyLife, echter was het verschil niet significant. Het vertrouwen en de kennis om 
gezondheidsinformatie online te kunnen vinden verbeterde daarentegen significant. Wanneer 
patiënten zelf werd gevraagd de effectiviteit van CMyLife te beoordelen, gaf bijna de helft van de 
patiënten aan meer gemotiveerd te zijn om therapietrouw te zijn en een derde was na gebruik beter 
op de hoogte van het belang van therapietrouw. Ook gaven patiënten aan meer inzicht in hun BCR-
ABL/moleculaire waarden en ziektebeloop te hebben verkregen door gebruik van de richtlijnapp. 

De uitvoering van dit onderzoek viel samen met de COVID-19 pandemie waarbij een groot gedeelte 
van de reguliere zorg afgeschaald en uitgesteld werd. Hierdoor was het effect van CMyLife op 
verbeterde moleculaire monitoring niet goed te vergelijken met de niet-digitale standaard zorg. 
Anderzijds is de pandemie een enorme stimulans geweest voor de ontwikkeling en toepassing van 
digitale zorginnovaties in het algemeen. Voor CMyLife vertaalde dit zich met name in een toename in 
gebruikersaantallen, aangezien het platform al voor de pandemie uitgerold en actief was, klaar voor 
gebruik. De zorg voor patiënten die gebruik maakten van CMyLife kon dan ook gewoon doorgaan en 
heeft niet geleden onder de pandemie. 

Daarnaast hebben wij het CMyLife platform kunnen gebruiken om patiënten te werven en te 
includeren in ons onderzoek naar COVID-19 bij CML-patiënten (hoofdstuk 10). Wij onderzochten 
of patiënten met CML een hogere kans hebben op besmetting met het coronavirus en of zij bij 
besmetting ernstiger ziek zouden worden dan mensen zonder CML. Hierbij werden CML-patiënten, 
indien van toepassing, vergeleken met hun volwassen huisgenoot/partner. Uit de eerste analyse 
(na de 1e golf, 26 mei 2020) vonden we geen verhoogde kans op het krijgen van COVID-19 bij CML-
patiënten. Bij slechts één patiënt (0,7% van alle deelnemende patiënten) werd het coronavirus 
aangetoond en was een ziekenhuisopname noodzakelijk (zonder intensive care opname). Dit aantal 
ligt in de lijn met de 0.3% aangetoonde besmettingen in de Nederlandse bevolking die het RIVM 
in dezelfde periode rapporteerde. Naast deze geruststellende bevinding illustreert dit hoofdstuk 
ook de unieke mogelijkheid die CMyLife weet te bieden om patiënten digitaal te kunnen werven 
voor studiedeelname, ten tijde van (sociale) isolatie. Op deze manier hebben wij meer dan 150 
patiënten binnen 2 weken kunnen includeren. Bovendien bood het platform de mogelijkheid om, 
via de nieuwsbrief en nieuwsberichten op de website, patiënten vlot van betrouwbare informatie 
te voorzien en ook de resultaten van ons onderzoek met hen te kunnen delen. Dit is een relevante 
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meerwaarde van het platform, aangezien bijna de helft van de patiënten had aangegeven zich matig 
tot veel zorgen te maken over COVID-19.

Dit proefschrift wordt afgesloten door met hoofdstuk 11, waarin de belangrijkste resultaten van 
dit proefschrift uiteengezet worden in het kader van de beschikbare literatuur. Ook worden de 
implicaties van onze resultaten voor de toekomst besproken en doen we meerdere aanbevelingen 
voor toekomstige onderzoekers en beleidsmakers. 
Met het oog op een duurzame gezondheidszorg in de toekomst, moge het duidelijk zijn dat het niet 
de vraag is óf maar hóe we de zorg gaan transformeren. Deze thesis beschrijft de verbeterpunten 
in de huidige medisch-specialistische oncologische zorg, illustreert het belang van transformatie en 
voorziet in een model van zorgtransformatie met als voorbeeld CML, een maligniteit die in chronische 
fase inmiddels vrijwel als een chronische ziekte beschouwd kan worden. Het representeert een 
relatief kleine groep patiënten, maar het concept van CMyLife is breder toepasbaar dan CML alleen 
en wordt op het moment uitgebreid naar andere (hematologische) maligniteiten. Per ziektebeeld 
wordt teruggegaan naar de kern, die gevormd wordt door de patiënt en diens behoeften, en de 
specifieke ziekte-kenmerken.
Een innovatie als CMyLife is nooit definitief afgerond en blijft het onderwerp van een dynamisch 
evaluatieproces om patiëntgerichtheid in de toekomst te blijven waarborgen. Het is immers zo dat 
behoeften veranderen in de loop der tijd, zeker met nieuwe therapieën in ontwikkeling. CMyLife 
en eHealth in algemene zin bieden veel mogelijkheden en kansen tot zorgtransformatie, maar er 
is ook nog zeker ruimte voor verbetering. Met name strategieën voor implementatie, evaluatie, 
financiering en het verder verbeteren van de patiëntgerichtheid zijn nodig. 

Binnen de oncologie is CML altijd al een modelvoorbeeld van medische innovatie geweest: de eerste 
maligniteit met een verklarende chromosomale afwijking en later het eerste ziektebeeld met de 
mogelijkheid van doelgerichte therapieën. Deze thesis beschrijft een zorgtransformatie waarmee 
CML opnieuw een voorbeeld stelt op het gebied van oncologische innovatie. 
From CML to CMyLife: a lifelong journey.
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PhD candidate: 
Ector, G.I.C.G

Department of Hematology
Radboud Institute for Health Sciences

PhD period: 1-5-2017- 1-1-2021
Promotor: 
- prof. dr. N.M.A. Blijlevens
Copromotors:
- dr. R.P.M.G. Hermens
- dr. P.E. Westerweel

Courses and Workshops Year EC Points

Pubmed workshop (Radboud library) 2017 0.10

Endnote workshop (Radboud library) 2017 0.10

BROK course 2017 1.50

Biometrics course 2017-2018 3.75

Health Innovation School (Program of Ministry of Health, Welfare and 
Sport and REshape innovation center)

2017 6.10

TIAS MBE Summer Academy - An Update in Healthcare Management 2019 2.00

Scientific Integrity course 2020 1.00

Loopbaantraining: "Je loopbaan rond je 30e" 2020 0.6

Seminars and Lectures

Hematology Strategy Meetings 2017; 2018 0.20

Radboud Research Rounds 2017; 2018 0.10

(Inter)national symposia & congresses

19th Annual John Goldman Conference on CML: Biology and Therapy. 
(Estoril, Portugal - Poster)

2017 1.25

3e Midden Brabants Casuïstiek Symposium Hematologie 2017 0.10

EORTC Quality of Life Group Meeting (Paris, France) 2018 0.75

20th Annual John Goldman Conference on CML: Biology and Therapy. 
(Miami, USA - Poster)

2018 1.25

Regionale Thema Avond Hematologie (Clinical case presentation) 2018 0.35

Dutch Internal Medicine Congress (Maastricht - Oral) 2019 1.0

European Hematology Association 24th Congress (Amsterdam - Poster) 2019 1.0

21th Annual John Goldman Conference on CML: Biology and Therapy. 
(Bordeaux, France - Poster)

2019 1.25

Dutch Hematology Congress (Papendal - Oral) 2020 1.0

European Hematology Association 25th Congress (Virtual - Poster) 2020 1.25

22th Annual John Goldman Conference on CML: Biology and Therapy. 
(Virtual, Poster)

2020 1.25

Teaching

Guest Lecturer - ‘Richtlijnen in de praktijk’ in  ‘Q7 Evidence Based Gui-
delines’,  for all 2nd year students of Medicine and Biomedical Sciences. 

2018
2019
2020

0.6

Total 25.25
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RESEARCH DATA MANAGEMENT

The data obtained in this thesis are archived according to the Findable, Accessible, Interoperable 
and Reusable (FAIR) principles. This thesis is based on the results of human studies, which were 
conducted in accordance with the principles of the Declaration of Helsinki. The medical and 
ethical review board Committee on Research Involving Human Subjects Region Arnhem Nijmegen, 
Nijmegen, the Netherlands has given approval to conduct these studies. The projects in chapters 4, 7, 
8, 9, 10, are stored on the Radboudumc, department server: HEMCML22 (chapter 7-9), HEMCML23 
(chapter 4) and HEMCML27 (chapter 10). The studies in chapters 7, 8 and 9 were partly granted by 
the Netherlands Organisation for Health Research and Development (ZonMw).  
In chapter 7, patients were asked to participate in the conducted focusgroups via their healthcare 
professional and Hematon. Written informed consent was obtained, the forms were stored at 
the department of IQ Healthcare. In chapters 8 and 9 patients received patient information 
and questionnaire booklets containing the written informed consent, sent by their healthcare 
professional. All patients had the possibility to ask questions about the study. The informed consents 
and paper questionnaires were stored at the department of hematology (Radboudumc, hematology 
476, room 4.16), in a closed closet. 
For chapter COVID, general information about the study was shared on the CMyLife website and 
newsletter. Patients could apply by filling in their email address in a form on the CMyLife website, 
afterwards they received online patient information. Digital informed consent was obtained in 
Castor EDC.  
All paper data were entered into the computer by use of Castor EDC or SPSS. If applicable, 
data management and monitoring were also performed within Castor EDC. An audit trail was 
incorporated to provide evidence of the activities that has altered the original data. The privacy of 
the participants in this study is warranted by use of encrypted and unique individual subject codes. 
This code correspondents with the code on the patient- and physicians booklets. The code was 
stored separately from the study data. Data where converged from Castor EDC to SPSS (SPSS Inc., 
Chicago, Illinois, USA).
The data will be saved for 15 years after termination of the study (January 1, 2021). The datasets 
analyzed during these studies are available from the corresponding author on reasonable request. 
The dataset in chapter 10 will be further complemented and analyzed during the current SARS-CoV2 
pandemic. 

Chapters 2 and 3 of this thesis are based on data from the nationwide Netherlands Cancer Registry 
(NCR), which is maintained and hosted by the Netherlands Comprehensive Cancer Organisation 
(IKNL). According to the Central Committee on Research involving Human Subjects (CCMO), this type 
of observational study does not require approval from an ethics committee in the Netherlands. The 
use of anonymous data for this study was approved by the Privacy Review Board of the NCR. Also, 
informed consent was not required because no contact with study patients was needed in any phase 
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of the study. In other words, the retrospective, population-based study does not in any way influence 
the diagnosis and treatment of patients whose medical records are reviewed. Therefore, the study 
does not fall under the scope of the Medical Research Involving Human Subjects Act (WMO; Wet 
medisch-wetenschappelijk onderzoek met mensen). The data that support the findings of these 
studies are available via IKNL. These data are not publicly available and restrictions apply to the 
availability of the data used for the current study. However, these data are available from the authors 
upon reasonable request and with permission of IKNL.
Registration of data items in the NCR is completed on-site by the trained registrar of the NCR. All 
data entries are based on source documents and must be traceable to these source documents 
in the patient's file. Written instructions for data entry are provided by IKNL, which maintains and 
hosts the NCR. Data collected are recorded promptly with high accuracy. The registrars of the NCR, 
who are responsible for the integrity of the recorded data, have appropriate education, training, 
and experience to perform the assigned registration tasks. When the registration for a patient is 
complete, the investigator will validate all data items for accuracy, completeness, and inconsistencies. 
If it is deemed necessary, queries will be sent to clarify data items. 
Each patient is assigned a unique number at registration in the NCR. The registration number 
complies with privacy regulations and do not contain identifying data, such as patient initials or 
the complete hospital record number. Only authorized personnel of IKNL will have access to source 
documents for data registration and verification procedures. Information from source documents 
will be handled confidentially by authorized personnel of IKNL to assure that neither the patient nor 
the family privacy of a patient included in the study is violated.
The data that is recorded in the NCR is secured at all times in line with applicable Dutch regulatory 
laws and procedures. Access to the NCR is limited to authorized personnel of IKNL. Adequate back-up 
of all recorded information in the NCR will be maintained throughout its existence. Retention and 
destruction of source documents for each patient in the study are subject to the site’s guidelines 
regarding medical records.
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DANKWOORD

Het gevoel waarmee de afronding van dit proefschrift gepaard gaat, zal ik middels woorden 
nooit kunnen benaderen. Ik kijk terug op een prachttraject waarbij niet alleen de ontwikkeling 
van een zorginnovatie centraal heeft gestaan, maar ook de ontwikkeling van een promovendus. 
De vanzelfsprekende ontwikkeling op wetenschappelijk vlak ging gepaard met een persoonlijke 
ontwikkeling: van de overtuiging niet te willen promoveren, naar toch enige nieuwsgierigheid en 
uiteindelijk het enthousiast wetenschappelijk onderbouwen van een visie omtrent zorgverandering.  
Dit gaat samen met een groei in volharding en doorzettingsvermogen, creativiteit -zeker met 
een breed onderwerp als van dit proefschrift-, flexibiliteit en relativering. Waar dit een groei op 
persoonlijk vlak betreft, is het PhD-traject daarentegen een proces dat men nooit louter individueel 
tot een succesvol einde kan brengen. Daarom richt ik graag het woord tot een ieder die mij tijdens 
dit traject heeft geholpen. Niet alleen door een inhoudelijke bijdrage aan het zwart op wit in dit 
proefschrift, maar ook aan het kleurrijke kader rondom. 

—

Patiënt-centered care begint met de patiënt, zo ook mijn dankwoord. Ik wil daarom mijn dank 
betuigen aan alle patiënten die CMyLife mee vorm hebben gegeven, allerhande versies hebben 
getest, deel hebbgen genomen aan focusgroepen en geduldig telkens weer de vele vragenlijsten 
hebben ingevuld. 

Prof. dr. Blijlevens, beste Nicole, mijn eigen traject begon bij jou, toen je toch nog de moeite nam op 
een zes maanden oude mail van deze onderzoek-zoekende student te reageren, terwijl ik eigenlijk 
al genoegen had genomen met de out-of-office reply (N.B. elk jaar wordt deze creatiever). Deze 
betrokkenheid tekent je. Net zoals het onuitputtelijk enthousiasme waarmee je de zwarte beren, die 
ik vooral vaak zag, omver reed. We ontdekten onze raakvlakken in de bredere kijk op de geneeskunde 
en zo wist je, samen met jouw enthousiasme en vertrouwen, uiteindelijk de PhD-schuwe AIOS toch 
te transformeren tot eveneens enthousiaste promovendus. Dank dat je me deze kans geboden hebt, 
jouw visie op zorgorganisatie en wat je daarin weet te bereiken kunnen mij alleen maar inspireren. Ik 
denk met veel plezier terug aan de verschillende congressen, met veelal basaal CML onderzoek, maar 
ook de perfecte imitaties (“nilotinib”), de klamme hitte in Miami, waarbij de bobo’s ook even werden 
aangesproken op de dresscode, tot Bordeaux, met corona’s in het park en een vistentje met bijna 
chirurgisch instrumentarium. Ook alle off-topic gesprekken met een diversiteit aan onderwerpen, 
van boeken tot het Romeinse rijk, je Epic proza, of de laatste collectie van Peter Kaiser, heb ik zeer 
kunnen waarderen.  

Dr. Hermens, beste Rosella, één van de weinige zekerheden van het PhD-leven werd gevormd door 
de wetenschap dat als ik van jou een stuk terug kreeg, ik toch weer even aan de bak moest en menig 
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methodologische bocht wat ruimer moest nemen. Het resultaat was echter altijd een verbetering 
(de andere zekerheid). De snelle doch geduldige hulplijn via de app bij menig statistisch dilemma, 
waarbij je me nooit het gevoel gaf dat een vraag te dom kon zijn, is van grote betekenis geweest in 
het tot stand komen van dit boekje. Zo ook de flexibiliteit om ook gewoon ’s avonds af te spreken 
bij jou thuis voor de e-clinics toen ik in de kliniek zat, de gezellige overlegmomenten en de aandacht 
voor het welzijn van je promovendi en de balans met andere zaken in het leven naast Het Boekje.

Dr. Westerweel, beste Peter, dank voor alle feedback en de waardevolle aanvullingen in de CML-
diepte aan de bredere kijk van dit proefschrift. Ons snelle schakelen bij aanvang van de pandemie 
heeft geleid tot een mooi voorbeeld van digitale transformatie van de wetenschap en de mogelijkheid 
om implicaties real-time te delen. 

Graag wil ik de manuscriptcommissie, prof dr. Bloemendal, prof. dr. Cornelissen en prof. dr. Das, 
bedanken voor het kritisch lezen en beoordelen van mijn proefschrift.

Dr. Dinmohamed, beste Avinash: de enige persoon naar mijn weten wiens enthousiasme dat 
van Nicole kan evenaren. Ook jij ziet nooit enige hindernis en bleef dan ook onvermoeibaar in je 
inspanningen om deze ras-clinicus toch de wonderen van statistiek en epidemiologie bij te brengen. 
Dank voor al je hulp en zeker ook de plethora aan woorden die mijn woordenschat heeft weten te 
verrijken.  

Kamergenoten: de laatste PhD loodjes op afstand benadrukten de mooie jaren ervoor. Ik denk graag 
terug aan de vele – maar door corona vaker nog ontbrekende – champagne momentjes, Kerstkransjes- 
& Dansjesdagen, de paaseierenspeurtochten, DHC feestjes en de momentjes met Tinus & Willem. 
Charlotte, dank voor de bèta-component in het, m.i. zeer geslaagde, sociale experiment van een 
derde. Ik waardeer onze beschouwingen, taalkundige dilemma’s (misschien herken je ‘m hierboven), 
tips betreffende boeken - en hét boekje-, en natuurlijk groene ideeën. Laten we die compensatoire 
boom voor deze krappe 300 pagina’s maar snel gaan planten. Joline, het huilen bij Biometrics hebben 
we gecompenseerd met sportieve uitjes: met het hockey (en elkaar gedisciplineerd wijzen op echt 
dat laatste biertje van de 3e  helft), op de fiets en ook in het zwembad, de schaamte voorbij tijdens 
het AquaBOM’en. Laten wij dat er vooral in houden tijdens onze differentiatie! Yolba, ik hecht altijd 
veel waarde aan onze beschouwende, creatieve, en soms diep psycho-filosofische gesprekken. Het 
luisterend, doch tikje lachende, oor bij menig huddle- & HIS-frustratie. Nu jij aan eenzelfde traject 
begonnen bent bewijs ik je graag de wederdienst, het typediploma heb je in ieder geval al in de 
pocket. Peter, de ABBA uurtjes, het bouncen, en discussies over Gaston’s vermogen om wel of niet 
een dozijn eieren op te kunnen: ze braken altijd heerlijk de dag, waarvoor dank! Eva, Charlotte S en 
Lars, door COVID helaas maar kort en krachtig gewerkt, maar gelukkig heb ik jullie straks weer als 
collega’s in het vooruitzicht. Lynn, leuk dat jij het CMyLife stokje voor een groot gedeelte overneemt, 
ik ben benieuwd naar jouw bevindingen!
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Lando, die wederzijdse blik van blinde paniek en wanhoop, gemaskeerd door een professioneel 
verbeten glimlachje, toen we erachten kwamen dat we de komende 14 uur naar Miami toch echt tot 
elkaar waren aangewezen, zonder enige vorm van entertainment en op vliegtuigstoelen waar menig 
budgetmaatschappij nog ruim bij leek, zal ik nooit vergeten. Lang leve WordSnack. Toch kijk ik met 
plezier terug op deze trip, het latere Bordeaux en het feit dat we altijd op vrijdag in de SQL te vinden 
waren maar toch nooit tegelijkertijd. 

Tim, de modellen man. Jammer dat ik niet meer te pas en te onpas ‘hé buurman!’ kan roepen. De 
buurt verloedert, ondanks Ria’s gehaktbal. Ik hoop je straks weer snel in de SQL te mogen spreken!

Inge, dank voor al het werk t.a.v. de Pharos database. Jij hebt niet alleen mijn blik op CML-richtlijnen 
maar ook zeker op tropisch fruit, kiwi’s in het bijzonder, weten te veranderen. 

Het CMyLife team in alle wisselende samenstellingen: dank voor al het overleg en ondersteuning 
door de jaren heen! Ook alle leden van het e-clinics team wil ik hier graag bij bedanken.
Dank aan alle artsen en verpleegkundigen van de aan CMyLife deelnemende ziekenhuizen voor jullie 
bijdrage.

Dames van het secretariaat, zonder jullie hulp en gezellige momenten was ik waarschijnlijk nog steeds 
zoekende op de 4e verdieping. Ook Irma, als vaste vraagbaak ten tijden van mijn wetenschappelijk 
stage tot bijna het laatste jaar van dit boekje, mag hierbij zeker niet ontbreken. Jacqueline, jouw 
getover met die onmogelijke agenda, onder minimaal gemor, verdient een grote pluim. 
De hematologen in het Radboud: klinisch hebben we nog weinig samen mogen werken, toch heb ik 
de afgelopen 5 jaar de vele praatjes bij de koffieautomaat en gezellige momenten op de EHA&DHC 
erg weten te waarderen. 

Na bijna 4 jaar JBZ wil ik ook graag de internisten en vele collega A(N)IOS door de jaren heen bedanken 
voor de steun en flexibiliteit tijdens de combinatie van opleiding- en onderzoeksactiviteiten. Met 
plezier kijk ik terug op deze periode, een aantal van jullie wil ik graag nog in het speciaal bedanken: 
 
Watske, een opleider met aandacht voor meer gebieden dan het opleiden alleen, of het nu gaat 
om de laatste nieuwtjes binnen de assistentengroep, random pubquizfeitjes, feline dialyse, of het 
welzijn buiten de opleiding, aangevuld met matig-subtiele koppelsuggesties (maar, eerlijk is eerlijk, 
toch zeer succesvol gebleken). Jouw betrokkenheid, samen met je open houding t.a.v. feedback over 
de opleiding, waar ik het je met mijn kritisch blik niet altijd makkelijk heb gemaakt, heb ik altijd erg 
kunnen waarderen. 
Paetrick, een van de meest gestructureerde, agenda-bewakende, internisten en dan poli-supervisor 
van de nét wat minder gestructureerde AIOS met een onvoorspelbare agenda door afwisselende 
onderzoeksweken. Toch kon ik altijd bij je binnen lopen en ook over het bingen van mijn poli-brieven 
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heb ik je nooit horen klagen, dank voor je geduld en flexibiliteit! Jouw pragmatisme en brede blik, 
ook buiten de (interne) geneeskunde, bewonder ik en hoop ik mee te mogen nemen in mijn latere 
carrière. 
Alexandra, Hans, Harm en Djamila, naast het meewerken aan CMyLife in het JBZ, dank voor de 
mogelijkheid om me ook poliklinisch te kunnen verdiepen binnen het prachtige vak van de 
hematologie.  
Koning Sam, ware Soloborrelaar, van sfeermaker op de werkvloer, een beruchte cantus, tot het wat 
dubieuze Nimweegs paleis, je weet altijd voor de meest legendarische avonden te zorgen. Wie weet, 
kunnen we binnenkort weer “eindelijk naar BUITEN!”. Lindy, telebancos por aqui! Ik hoop dat we 
eindelijk ooit nog een keer de Jeugd samen mogen ervaren, het liefst nog voordat we zelf in Gerda 
en Bep hebben mogen veranderen.. Anieke, niet alleen als collega maar ook als bestuursgenoot van 
de Unie heb ik je kunnen waarderen. Ik kijk met plezier terug op onze uitstekend aangeklede borrels, 
(penningmeester en voorzitter zijn akkoord!) en after-borrels (liefst in de Reinders, zonder dubieuze 
taxi-rit). Denise, de voorlopig laatste Unie in Oeteldonk bijeenkomst (zonder salami) blijft een 
prachtavond, dat we nog maar vele restaurantjes & wijnbarretjes mogen exploreren. Kirill: humble! 
Jouw vele muzikale suggesties hebben me ook tijdens de onderzoeksweken op de achtergrond 
mogen vermaken en onze tikje lompe humor kon menig hectische dag relativeren. Ik hoop dat we 
ooit nog aan onze tzatziki recepten mogen toekomen. Bark, als Jut&Jul begonnen we samen op 
zuid, ondanks het zwemmen was dit een mooie tijd met menig Jeugd-referentie, humor, hijskraan 
en vrijmibo. Tot ons beider verbazing hebben jouw horror-verhalen over nachtelijke revisies en 
reviews toentertijd, die altijd een bevestiging van mijn keuze waren om niet te gaan promoveren, 
me uiteindelijk toch niet kunnen afschrikken, getuige dit boekje. Laten we snel weer proosten in de 
SQL! Tessa en Iris Rose: niet uitwisselbaar en evenwel te verwarren, jullie vormden afwisselend toch 
een continue factor in zowel de consulten- als polistage. Ondanks dat wij zelf ook wel eens moe zijn 
kan ik altijd erg genieten van onze sushi momentjes. Het doet me genoegen dat we elkaar inmiddels 
ook op wetenschappelijk gebied kunnen vinden en ik kijk uit naar jullie toekomstige boekwerken. 

—

Minka, onze eerste kennismaking was als twee ware, angstige, Bambi’s (jazeker, Disney metafoor) op 
de latten in het prachtige Fiss. Inmiddels zijn we vele naamsverbasteringen van mijn kant, kritische 
Taskforce meetings en gezellige etentjes verder en ben ik blij dat je ook voor de hematologie hebt 
gekozen. Ik mag mezelf gelukkig prijzen jou straks als collega te hebben! 

Cas, Young Boy Wonder, de komende woorden zullen deze prachtige bijnaam nooit kunnen 
overtreffen. De verstandige noot in menig impulsief avontuur. Dat we nog maar vaak het wijnglas 
mogen heffen en ik zie t.z.t. jouw tiendelig boekwerk graag tegemoet. 
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Jorre, als mede-cynicus met nog zwartere humor wist je de meest donkere tijden in de combi van 
kliniek en onderzoek toch te verlichten. Dit beperkte zich niet tot het JBZ (fraxi?), maar ook onderweg 
in burgerrups of pauperbak (liefst met kleffe hamburgers), in menig kroeg, en ook zeker tijdens de 
zeer gewaardeerde corona koffie-momentjes in huis & tuin, dank aan Boon included. Dat de viering 
van mijn doctoraat maar net zo legendarisch mag eindigen als die van jullie, misschien dat we voor 
de veiligheid maar gewoon wat vroeger moeten beginnen.. 

PV Radboud/Eurovisie, wat kijk ik weer uit naar de maandagavonden, 3e helft en avondjes in de 
Scheve Spleet. Dank voor de sportieve uitlaatklep en gezelligheid, alhoewel het pieken tijdens die 
allerlaatste helft soms resulteerde in een wat zware wetenschappelijke start op de dinsdagochtend.  

Michiel, van wijn en kaas bij de Appie naar -onder het genot van- wijn en kaas serieuze gesprekken 
over Jared Diamond, transformatie van zorg en onderwijs, en soms ook een sportief rondje op de fiets. 
Ik kijk uit naar jouw ervaringen en bevindingen mocht je in de toekomst ditzelfde wetenschappelijk 
pad begaan.  

Lotte, we sloegen ons samen door vele coschappen, waarbij jouw heerlijk nuchtere houding en 
humor -inclusief twee longen- alles wisten te relativeren. Gelukkig hebben we dit ook in onze AIOS-
tijd voortgezet en heb ik, dankzij jarenlange volharding van jouw kant, de wondere wereld op de 
racefiets mogen ontdekken, iets wat mij tijdens de afronding van dit boekje veel plezier en afleiding 
heeft gegeven. Op nog maar vele tochtjes & terrasjes!

“De 9 chicks”: Anne, Lisa, Marlijn, Miranda, Neeltje, Souria, Stefanie en Yvonne: wat hebben we de 
afgelopen 12 jaar veel mogen meemaken. Onze vele activiteiten vormden een welkome afwisseling 
op het harde werken. De individuele avonturen zijn niet samen te vatten in een paar woorden, 
maar weet dat ik ze enorm waardeer en uitkijk naar alle volgende avonturen! Met de chicks komen 
natuurlijk ook de heren, Thijs & Lucas, dank voor de gezellige avonden met borrels, spelletjes en 
buurtavonturen. 

Marieke, van barre consulenttijden vol flauwe grappen met extra neushoorn, naar eveneens barre 
tijden in een ijskoude camper met regen binnen en buiten, toch denk ik graag aan deze tijden terug. 
Bij binnenkomst in het JBZ was jij voor mij al the face of science en ben je nu nog steeds op het 
wetenschappelijk gebied een bron van inspiratie.

Ingeborg, onze culturele en culinaire uitstapjes, vele Lux-momenten met pre-, peri- en post-
borrels, en soms gewoon heerlijk comfortabel thuis met allerhande kaasvariaties hebben een mooi 
tegengewicht geboden aan het geploeter in de totstandkoming van dit boekje. Naast het luisterend 
oor dank ik je ook voor je kritisch redigerend blik en de kost en inwoning bij muizenissen. Fijn dat je 
me ook op deze bijzondere dag terzijde staat. Tomas, ook jouw subtiele zorg dat mijn glas nooit leeg 
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was mag hierbij zeker niet onderbelicht worden. 

Boudewijn, ter variatie op de geneeskundige literatuur heb ik me door jou ook mogen verdiepen 
in verscheidene, soms zelfs zeer wetenschappelijke, culinaire literaire werken. Daarnaast moge het 
natuurlijk duidelijk zijn dat de befaamde diploma-gerelateerde opmerking de primaire drijfveer 
vormde in de totstandkoming van dit boekje.. 

Pap en mam, zonder jullie steun was dit proefschrift er niet geweest. Jullie waren bij het letterlijke 
begin van “PhD is rond” in Athene en hebben me het gehele traject bijgestaan met allerhande 
services. Wat jullie me eerder al hebben meegegeven heb ik nu kunnen toepassen en verder kunnen 
ontwikkelen. Vooral de balans tussen het meteen doen en er eerst driemaal een boek over lezen, 
vormde een mooie basis. Mam, een krachtige en kritische noot, met een directheid die menig 
collega ook bij mij zal herkennen, het staan voor een zaak en anders eroverheen de barricade op 
springen, ook voor generaties na je, tekenen je vooruitstrevend blik. Ook al heb ik maar een fractie 
van dit alles, het samen buiten de gebaande paden denken, of -voor mijn doen- snelle schakelen 
tussen allerhande zaken zijn voor mij ontzettend waardevol. Evenals je enorme creativiteit, die me 
dit boekje zowel in ideeën als in uiterlijk heeft helpen vormgeven. Pap, van jou heb ik kritisch leren 
denken op een meer reflectieve manier. Ik kan genieten van onze filosoferende gesprekken over 
het leven, onze raakvlakken, herkenbare PhD-struggles en de uitstekende Ector-humor (zo, zwart 
op wit). Ons brouwproces is niet alleen een mooie metafoor voor dit traject, maar heeft ook een 
prachtig promotiebiertje opgeleverd. Dank jullie beiden!

David, lieve Japie, potverkaatje, sta je hier toch ineens in mijn dankwoord vernoemd, ondanks jouw 
bescheiden houding ten aanzien van jouw rol in mijn promotie. Al sinds ons eerste gesprek bij de 
‘betere’ JBZ koffie weet je me aan te steken met het enthousiasme waarmee je over je eigen PhD-
tijd en verdediging spreekt, vergezeld van glunderende oogjes achter de academische bril. Ook het 
vooruitzicht aan onze prille dates, aansluitend gepland op menig revisie deadline, hielp me deze 
deadlines nipt te halen. Maar bovenal maken de onvoorwaardelijke steun en vertrouwen, de vele 
afleidende uitjes, en het lekker cardiologische relativeringsvermogen (kon een boekje maar secundair 
zijn..), dat jouw plaats op deze laatste pagina meer dan terecht is. Wat een rust en vertrouwen geeft 
het me om jou straks tijdens de verdediging naast me te hebben staan. Ik kijk uit naar alle avonturen 
die nog in het verschiet liggen, waarbij ik jou eveneens aan mijn zijde mag hebben. �
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graduating from secondary school at R.K. 
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2008, she commenced her studies in psychology 
at the Radboud University in Nijmegen. In search  
of a complementary and broadening perspective 
she began studying medicine in 2009 at the 
same university and combined both studies for 
four years, until the start of medical internships. 
Notwithstanding her neuropsychiatric ambitions 
at the start of her medical career, she developed a special interest in malignant diseases and the 
associated extensive care process. During her research internship at the Hematology department 
she met Nicole Blijlevens and subsequently became inspired by the idea of innovative change for 
leukemia patients and the comprehensive take on medicine. 
After obtaining her master’s degree in medicine (January 2016) she began her residency in internal 
medicine at the Jeroen Bosch Hospital in ‘s-Hertogenbosch (head: dr. W. Smit) in March 2016 
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her residency at the Radboud University Medical Center (Head: dr. G. Vervoort). She will start her 
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