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Abstract

Background: Chronic myeloid leukemia (CML) is a malignant hematological 
disorder, which can be effectively treated with tyrosine kinase inhibitors. Non-
adherence has been associated with disease progression. To remedy this, an 
innovative eHealth intervention, SHINE, has been developed: a personalized 
program built as smart phone application (app). By using the app, CML patients 
are supported in dealing with everyday life issues. 

Aim: This study aimed to investigate the effects of the SHINE app on 
medication adherence and quality of life (QoL) of CML patients.  

Ethics Approval: The studies involving human participants were reviewed 
and approved by Medisch Ethische Toetsingscommissie (METC) Amsterdam 
UMC on 21 September 2016, number 2016.405.

Methods: This pre-test/post-test intervention study included CML patients 
that used during a three-month pre-test period an electronic medicine box 
(MEMS) and otherwise received usual care. During the three months post-
test period the SHINE app was also used. Functionalities of the app include: 
information presented as a chat, a medication overview, a reminder service. 
Adherence was measured with MEMS and MARS. Quality of life was measured 
with EORTC-QLQ-C30.

Results: 14 patients completed the trial out of 67 registered patients. 
Medication adherence increased after the SHINE app was introduced from 
83.4%±18.8% before to 96.9%±4.2% (P< 0.009) measured with MEMS and 
from 38.5% to 84.6% (P < 0.031) measured with MARS. Quality of life was not 
influenced.

Conclusion: The SHINE app is a promising medication adherence support 
tool. Further research is needed to reduce attrition rates and to validate the 
effects of the intervention on long term medication adherence.

Impact of Findings on Practice:

•	 This	 study	 showed	 that	 the	 innovative	 electronic	 smartphone	
application SHINE in combination with an electronic medication box considerably 
increased medication adherence in CML patients

•	 Of	 the	 hundreds	 of	 apps	 aiming	 to	 improve	medication	 adherence	
available,	 less	 than	 a	 dozen	 apps	 have	 a	 sound	 evidence	 base	 for	 efficacy.	
Adding	one	study,	one	app	to	this	is	significant.
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Introduction
Chronic myeloid leukemia (CML)

CML is a malignant hematological disorder, characterized by 
a vast accumulation of leukemic white blood cells in blood, bone 
marrow and spleen. The disease is caused by a reciprocal translocation 
between the long arms of chromosome 9 and 22, resulting in an 
abnormally short chromosome 22, known as the Philadelphia 
chromosome. This translocation juxtaposes the BCR- and the ABL 
gene, leading to a fusion gene named BCR-ABL. The BCR-ABL 
fusion protein that is encoded by this abnormality leads to the clinical 
picture of CML. The disease is fatal if left untreated or when treated 

inadequately. Treatment with tyrosine kinase inhibitors (TKI) like 
imatinib, nilotinib or dasatinib however, results in deep molecular 
remissions in the majority of patients. These patients enjoy a near-
normal life span [1]. 

Medication non-adherence in CML
Studies indicate that 25-35% of CML patients do not take their 

medication according to prescription [2]. Patients who take less 
than 90% of the prescribed dose of imatinib (“optimum adherence 
level”) have a substantially higher risk of disease progression to 
more advanced phase and will almost never reach deep molecular 
remissions that make stopping feasible [3]. 
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Medication non-adherence is a widespread problem [4], with on 
average 50% of patients not adhering to their therapy, which leads to 
poorer treatment outcome and higher health care costs [5-11]. 

More than 200 variables have been identified influencing 
medication adherence. Reasons for poor adherence may be patient-
related, such as hindering beliefs [12] and personality traits [13]; 
they may be external [14], such as work-related demands; they may 
concern the relationship with the health care professional [15]; as well 
as related to the the regimen prescribed.

Medication non-adherence can be intentional or unintentional 
[16]. Unintentionally failing to adhere is not the result of a cognitive 
decision, but of forgetfulness or physical barriers [17]. Intentionally 
failing to adhere is, if only temporarily, an active, cognitive and 
explicit decision [18]. For instance, patients report having trouble 
adhering to their prescription during social activities [19].

Both from the perspective of the patient as well as from a 
societal perspective, adherence enhancement is urgently needed. 
However, improving health behavior - including the intake of 
medicines - is difficult to achieve, both for patients and for health 
care professionals. Currently, health care professionals try to improve 
medication adherence among CML patients by improving knowledge 
through patient education, thereby attempting to convince them 
that using medication according to the prescription is necessary 
for their health. They subsequently hope this is enough to improve 
medication adherence. In reality, the results of this approach are very 
disappointing [20,21]. Patients are left to solve this by themselves, and 
solutions for this problem are urgently needed.

To help overcome this problem and with the aim of (1) providing 
patients with support and (2) providing health care professionals 
with an effective and efficient tool to support patients, an innovative 
eHealth intervention called SHINE (not an acronym) was developed. 
SHINE is a personalized program built as a smartphone application 
(“app”). 

The app was described to patients (“positioned”) as a support tool 
to deal with everyday issues in the life of a CML patient. The app was 
connected with an electronic pillbox in order to record medication 
intake. 

The aim of this study was to investigate the effects of the SHINE 
app on medication adherence of CML patients to their treatment with 
TKIs and on their overall quality of life. 

Methods and Materials
Study Design

A six months pretest-posttest intervention study was performed 
including patients with CML treated with a TKI in the period 
September 2018 to July 2019. Over a three-month pretest period 
patients used an electronic medicine box to monitor medication 
intake, but received usual care.  Subsequently, in a three months 
posttest phase patients used the SHINE Smartphone application in 
combination with the electronic medicine box. 

Both at the end of the pre-test and the post-test period patients 
were asked to complete a questionnaire including the Medication 
Adherence Report Scale (MARS), the European Organization for 

Research and Treatment of Cancer Quality of Life Questionnaire-C 
30 (EORTC-QLQ-C30) supplemented with the CML-specific EORTC 
QLQ-CML24, and several questions on side effects. 

The study was approved by the medical ethics committee of the 
Amsterdam UMC, location VUmc.

The SHINE Intervention 
The SHINE intervention is a personalized e-health program 

aiming to make life for people with CML and using TKI’s easier. It 
consists of two separate, but connected components: an electronic 
medicine box (MEMS) and a smartphone app. 

The electronic medicine box, battery powered, is connected with 
the SHINE app through Bluetooth technology. The medicine box 
records the opening and closing of the lid, which is considered to be 
equivalent with the intake of a TKI.    

Participants could choose between a smaller pill box (15mm x 
66mm x 35mm) able to contain three TKI pills and a larger version 
with a four compartments (22mm x 100mm x 76mm) able to contain 
a week’s supply of CML medication. Both versions had identical 
functionality: recording of the medicine intake and connection to the 
smartphone app.

Through the Bluetooth connection of the he electronic medicine 
box medicine intake data are transferred to the app.  The app contains 
a multitude of functionalities, amongst which: 

•	 A medication intake overview utilizing the data transferred 
from the electronic medicine box. 

•	 A chat bot delivering information, tips and tricks on a 
variety of issues related to life with CML.  

•	 An FAQ section with the information of the prescribed 
TKI’s standard patient package inserts reshuffled and presented 
in a novel way. Allowing patients in this way easier access to the 
information.  

•	 “Smart” reminders, notifications only reminding patients 
to take their medicines in case they had not done so.

•	 Other functionalities included options to log side effects 
and blood values.

•	 The program was designed to positively approach dealing 
with all kinds of issues of life with CML. The development process 
entailed literature research, 10 semi-structured telephone interviews 
and a questionnaire (n=164), after which the app was created. This 
process is not the subject of this article. 

Patient Recruitment
Patients with CML older than 18 years treated with TKI were 

selected using the pharmacy information system of the outpatient 
pharmacy of the Amsterdam UMC, location VUmc. Patients were 
asked to participate in the study by means of a letter. Patients were 
also notified to the study by the hematologists of the Amsterdam 
UMC, location VUmc during consultations and through a news post 
on the website of the patient advocacy group Hematon. In the letter, 
during the consultations and on the Hematon website patients were 
given information on the study and asked to participate in it. Those 
wishing to participate could register for the study by following a link 
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to a VUmc registration website where they could register for the 
study. Upon registration patients were asked to submit their email 
address, give informed consent, provide information about their 
smartphone and mobile operating system, and were asked which TKI 
they had been prescribed.  They could also choose between the two 
sizes of available medicine boxes.

CML patients with incompatible smartphones or those who had 
discontinued TKI treatment were excluded. All others who submitted 
all information were included.  

Participating patients were sent a welcome letter by mail. This 
letter also contained the chosen electronic medicine box; instructions 
how to download the app; log in with a unique, personal activation 
code; and a manual on connecting the electronic medicine box to 
the smartphone and app. Support by email and by telephone was 
available. 

Measurements
Adherence was measured using the electronic medicine box, a 

Medication Event Monitoring System (MEMS) device. Adherence 
was also measured by means of the questionnaire Medication 
Adherence Report Scale (MARS-5) [22]. Quality of life was measured 
with the EORTC-QLQ-C30 [23] aswell aswith EORTC QLQ-CML24 
[24], illness perceptions with the Brief IPQ [25] and beliefs about 
medicines with the BMQ specific [26]. In addition, questions about 
side effects were asked. 

Data Analysis
Medication adherence was calculated as the number of tablets 

taken divided by the number of prescribed tablets and expressed as 
a percentage. 

An adherence rate of 90% or higher in CML is correlated with 
a very low chance of disease progression and a much higher chance 
of attaining deep molecular remission. In the present study “optimal 
adherence” was introduced, defined as taking at least 90% of the 
prescribed TKI dose.

A paired sample t-test was used to assess the difference over time 
in medication adherence as measured with MEMS, expressed as the 
percentage of prescribed tablets that were consumed. The difference 
in medication adherence assessed with the MARS questionnaire 
between the pre- and post-testperiod was analyzed using a McNemar 
test. Only patients with a MARS-score of 25 were considered to be 
medication adherent. The change in quality of life score was analyzed 
with a Wilcoxon signed rank test. Continuous data were checked on 
normality using QQ-plots. Results were considered to be statistically 
significant when a p-value was below 0.05. All data was analyzed 
using SPSS IBM statistics (version 26).

Results
Participation

147 patients started the registration for the study. Of these patients, 
67 completed the registration and started the pre-test period. Table 1 
shows the demographic characteristics of the participating patients 
and their treatment characteristics. Of the 67 patients who started 
the pre/test period 12 did not initiate to use the electronic medicine 
box nor did they download the app. Due to connection problems, the 
medication adherence data of 28 patients were not properly collected. 

The remaining 23 entered the post-test phase of the study. Of these, 
14 patients completed the study. Figure 1 describes participation and 
attrition. 

Some patients experienced difficulty in connecting the app and 
the medicine box. Others indicated the features of the medicine boxes 
were inconvenient for them.

Medication adherence
Mean medication adherence as measured by the MEMS was 

83.4% before and 96.9% after the SHINE app was introduced, using 
the paired Samples t-test, as shown in Table 2. 

Figure 1: Participation and attrition.

Figure 2: Medication Adherence (MEMS)
(percentage of medication taken, p=0.009)
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During the pre-test period, 38.5% (n=5) of the patients were 
adherent to their medication therapy according to the MARS 
questionnaire. This increased to 84.6% (n=11) during the post-test 
period (p=0.031, OR = 1.33 [95% CI 0.89-1.99], n=13) using the 
McNemar test, also shown in Table 2. 

Optimal medication adherence (adherence of over 90%) as 
measured by MEMS rose considerably, from 50 to 93%, as shown in 
Figure 2.

Quality of Life
Mean Quality of Life as measured in the QoL Questionnaire was 

5.0 after the pretest (4.8; 6.0), rising to 6.0 (5.0; 6.0) after the SHINE 
intervention, showing a P of 0.366 using the Wilcoxon Signed Rank 
test. 

App experience
On average, participants rated the use of the app and the medicine 

box as enjoyable, as detailed in Table 3. 

Discussion
Statement of Key Findings

This study shows that the innovative electronic smartphone 
application SHINE in combination with an electronic medication box 
considerably increases medication adherence in CML patients. These 
results are in line with other studies showing that advanced eHealth 
apps can improve adherence [27-29]. Of the hundreds of apps aiming 
to improve medication adherence available, less than a dozen have a 
sound evidence base for efficacy [30,31]. Adding one study, one app 
to this is significant. 

As most patients’ adherence improved quickly, the smart 
reminder or the medication intake overview appeared to work for 
them. “Context-aware” reminders, such as SHINE’s smart reminder, 
outperform regular reminders [32].   Adherence improvement for 
others took longer, suggesting that the information provided in 
the chatbot was useful. However, as a detailed process evaluation 
was not executed, it is unclear which element of the SHINE app or 
which deployed behavior change strategies mediated the observed 
improvement in medication adherence.

To our knowledge, there is little evidence available which 
strategies - if any - applied in apps improves medication adherence 
[33].

Strategies commonly deployed to improve medication adherence 
are reminders, education and behavior strategies [30].

As the SHINE app deploys all three of these strategies, the 
combination of these strategies likely led to the improved medication 
adherence.

In next studies it should be investigated from which elements of 
the app contributed most to the improved adherence.  

Effective eHealth interventions can complement – support 
– currently use “offline” interventions to improve medication 
adherence, such as education [34], motivational interviewing [35] 
and pharmacist-led multidisciplinary interventions [36], as they can 
be helpful to reduce labor and thus costs.

The use of the SHINE app also resulted in a small increase 
in quality of life. Patients reported their physical and emotional 
functioning improved and to feel more in control over their disease, 
while the perceived influence of the disease on daily life decreased. The 
app provides detailed information about side effects and ways how to 
manage them. This may have resulted in an improvement in physical 
quality of life. On the other hand, social functioning decreased. This 
might be explained by the greater focus on the disease during the 
study, which may be stressful for patients, thereby affecting social 
functioning. 

Dropout from the study was considerable. There are a number 

Patient demographics (number of patients)

Age category  

< 60 years 8

≥	60	years 6

Male gender 9

Higher education 6

Household, Single 1

Employed 9

Treatment characteristics (number of patients)

Medication prescribed  

Imatinib 7

Nilotinib 3

Dasatinib 4

Current	medication	is	first	line	prescription,	number	of	patients 9

History of TKI use  

< 1 year 0

1-2 years 6

2-4 years 8

Table 1: Patient characteristics (n=14).

Measurement method
PRE-test POST-test

p-value
Median IQR Median IQR

MEMS 83.4% (SD±18.8) 96.6% (SD±4.1) 0.009

MARS 38.5% 84.6% 0.031

Table 2: Medication adherence (n=14).

Feature Average score SD

App

   Useful information 77 22

   Clear logs 79 20

   Convenient smart reminder 71 32

   Pleasant chats 75 29

Medicine box

   Too big 56 31

   Convenient 77 37

Overall study

   Enjoyable 84 17

Table 3: Feedback on features.
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of possible reasons for the high attrition. Firstly, the inclusion 
procedures may have been too complicated for several patients, as 
reflected by the large numbers of patients who did not complete 
the registration with the study. Secondly, participating in both the 
pre-test and the post-test requires the patients being dedicated to 
the study for a considerable time-period; and thirdly, also the use 
of both the MEMs device and the app seemed too much work for 
many patients.  Fourthly, although testing an innovative app such as 
the SHINE app seems attractive to many CML patients, complying 
with the requirements of the study procedures, such as six months 
use of an electronic medicine box or other requirements of our study 
proved less attractive. Fifthly, apps and electronic medicine boxes are 
not useful for everyone, not everyone is “smartphone literate”. While 
some participants were very quick to resolve connection problems, 
others simply could not overcome them, even with support by 
telephone. 

Attrition rates reported in other studies vary widely, from none 
to over 75% [37,38]. Little research is available on factors behind 
attrition [39]. Patient reported reasons for attrition include technical 
problems, time constraints, feeling fine and failing to meet patients’ 
needs [40]. More generally, evaluation by patients of the intervention 
– its relevance – will influence their resolve (motivation) to continue 
its use. The need for an intervention may increase with the intensity 
of the disease and/or treatment. The perceived usefulness of the 
intervention’s function, such as communication with the HCP 
or remembering to take medicines, varies between functions and 
between patients. Poorly designed interventions (with a lower ease of 
use, usability, attractiveness, ease of understanding [41] will hamper 
participation. Apps connecting to devices (such as blood pressure 
monitors, electronic scales or electronic pill boxes) potentially 
increasing attrition due to technical difficulties. Similarly, study design 
influences attrition: longer studies, more frequent intervention use 
required the absence of active live support, all potentially negatively 
influence attrition.

Measures to effectively reduce attrition will depend on the 
observed reasons for it and may include the use of empathy and social 
dialogue [42] as well as reminders [43].

Study Limitations
The low number of patients that completed the study is a major 

limitation. However, half of these patients were non-adherent, and 
despite the high attrition rate we were able to demonstrate   positive 
effects of the app on medication adherence. A strength of the study 
is that medication adherence was measured with both an objective 
and a subjective measure. This provides more detailed insight into 
the effects of the SHINE app on medication adherence. While the 
study had a duration of six months with the intervention lasting three 
months, the study provides no insight in the effects of the SHINE 
intervention on the longer term. A longer test period would entail a 
serious extra effort in creating additional content and functionality, 
as the intervention needs to stay attractive over a longer period of 
time in order to keep attrition rates as low as possible.

Conclusions
Interpretations

The positive effect of the SHINE app on medication adherence 

is promising. Healthcare providers may advise their patients to use 
apps like the SHINE app to CML patients, in addition to their regular 
educational efforts of promoting adherence, in particular with non-
adherent patients. 

Further Research
As treatment of CML with TKI medication is mostly life long, 

the effects of the SHINE intervention in the longer terms needs 
to be investigated. Ways to improve attrition rates also need to be 
investigated.

These types of eHealth applications may also be useful in other 
areas of medicine, such as diabetes care and hypertension where low 
adherence rates are common.
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