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Purpose: Suboptimal adherence to tyrosine kinase inhibitors (TKIs) is a widely recognized 
issue compromising the disease control and survival of patients with chronic myeloid 
leukemia (CML). A recently published review by Heiney et al reported inconclusive findings 
on the effects of a broad range of adherence enhancing interventions. The current systematic 
review aimed to identify studies that evaluated adherence-enhancing interventions imple-
mented by healthcare professionals and determine their effect on CML patients’ medication 
adherence and clinical outcomes.
Methods: A systematic literature search was performed in 5 databases for articles published 
between 2002 and 2021. Studies that compared adherence enhancing interventions imple-
mented by healthcare professionals with a comparison group were included. Relevant data on 
study characteristics were extracted. Medication adherence and clinical outcomes between 
intervention and control arms were compared.
Results: Nine studies were included in two randomised controlled trials, four cohort studies, 
and three before-and-after comparison studies. All the included studies incorporated complex 
interventions, including intensive education or consultation with pharmacists, nurses or 
multidisciplinary team, in combination with one or more other strategies such as structured 
follow-up, written materials or video, psychotherapy, medication reminder or treatment diary, 
with the overall goal of monitoring and improving TKI adherence. Most (7 out of 9) studies 
demonstrated significantly better adherence to TKIs in the intervention group than the 
comparison group. The relative proportion of participants who adhered to TKIs ranged 
from 1.22 to 2.42. The improvement in the rate of TKI doses taken/received ranged from 
1.5% to 7.1%. Only one study showed a significant association between intervention and 
clinical outcomes, with a 22.6% higher major molecular response rate and improvement in 6 
out of 20 subscales of health-related quality-of-life.
Conclusion: Complex interventions delivered by healthcare professionals showed improve-
ment in adherence to TKIs in CML patients. Further studies are required to clarify the cost- 
effectiveness of adherence-enhancing interventions.
Keywords: medication adherence, tyrosine kinase inhibitors, chronic myeloid leukemia, 
systematic review, complex interventions

Introduction
Chronic myeloid leukemia (CML) is a myeloproliferative neoplasm with an annual 
incidence of 0.7 to 1.8 per 100,000 population.1 Most CML patients are diagnosed 
in the chronic indolent phase; without effective treatment, the disease will progress 
to more advanced phases with complications from occult bone marrow failure and 
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a poor prognosis.2 Over the past two decades, the preva-
lence of CML has risen exponentially owing to the effec-
tive treatment with tyrosine kinase inhibitors (TKI)1 that 
targets the BCR-ABL molecular defect of CML. Since 
2001, TKIs have become the standard of care for CML, 
while allogeneic stem cell transplantation remains an 
option for patients who fail to respond adequately to 
TKIs.2 A significant proportion of CML patients can now 
achieve deep molecular response (DMR) with TKI ther-
apy, and some patients could even go into treatment-free 
remission (TFR).2

However, non-adherence to long-term TKI therapy is 
now a widely recognised issue in patients with CML, 
affecting 3% to 56% of the population.3 Suboptimal adher-
ence to TKIs reduced CML survival,4 and increased the 
utilisation of healthcare resources.5 CML patients with 
poor adherence are unlikely to achieve DMR (one of the 
prerequisites for TFR) compared to those who are adherent 
(0% versus 43.8%; p = 0.002).6 The long-term symptom 
burden associated with side effects of TKI may be intol-
erable and disrupt patients’ health-related quality of life.7 

Given that the number of CML patients depending on TKI 
for survival continues to grow, there is an emerging need 
to address the issue of poor treatment adherence.

A recently published review by Heiney et al on 
adherence enhancing interventions in CML patients trea-
ted with TKIs had reported conflicting findings. This 
review included studies that evaluated a variety of adher-
ence enhancing strategies, such as varying reimburse-
ment policy (co-payment), different choices of TKI 
(prescribing practice) and variation in laboratory moni-
toring frequency (treatment guideline).8 In studies eval-
uating varying reimbursement policy, Dusetzina et al9 

showed worsened TKI adherence with higher co- 
payment in contrast to Shen et al,10 who found worsened 
adherence when TKI was heavily subsidised. Similarly, 
in studies examining the effect of different TKI choices, 
Wu et al11 found better adherence with nilotinib than 
dasatinib. This finding is contrary to better adherence 
with dasatinib than nilotinib reported by Yood et al12 

and Trivedi et al.13 Besides, Latremouille-Viau et al14 

reported improved TKI adherence with more frequent 
molecular monitoring, which could be confounded by 
enhanced communication with healthcare providers to 
help patients interpret their test results that in turn open 
up the discussion to manage treatment non-adherence 
better. Since poor TKI adherence is often 
a multifactorial issue, the “one size fits all” approach 

that addresses only a single predictor of non-adherence 
might not be the best strategy to resolve the adherence 
issue in CML patients.

Oral TKI therapy reduces CML patients’ contact with 
their clinicians. A recent scoping review suggested that 
education- and counselling-based programs, particularly 
those that integrated monitoring or routine follow-up 
with a provider, may improve adherence to oral TKI 
therapy.15 A separate systematic review of qualitative stu-
dies showed that healthcare professionals in primary care, 
such as general practitioners and community pharmacists, 
might not be the best persons to provide advice or medica-
tion use counselling for patients with CML as they may 
not be familiar with the disease and its treatments.16 

Outside of medical care, the community-based peer sup-
port group’s effort often focuses on emotional support 
related to cancer diagnosis.17 While this type of support 
may indirectly improve treatment adherence by reducing 
anxiety. It does not target the significant influences of TKI 
non-adherence reported in the literature.16 Therefore, the 
lack of assistance from oncology practitioners to optimise 
adherence to TKI remains a significant unmet need in 
CML care.

This systematic review aimed to identify studies that 
evaluated interventions implemented by healthcare profes-
sionals to improve CML patients’ medication-taking beha-
viour and to determine their effect on patients’ adherence 
to TKI and clinical outcomes. This review is essential to 
identify the adherence enhancing intervention strategies 
implemented by healthcare professionals to inform the 
delivery of healthcare services that could help CML 
patients better manage their condition and medications.

Method
This review aimed to answer “What are the strategies and 
effects of interventions implemented by healthcare profes-
sionals to improve adherence to TKI therapy in patients 
with CML?”. The report of this systematic review fol-
lowed the Preferred Reporting Items for Systematic 
Review and Meta-Analyses (PRISMA)18 statement and 
the Synthesis Without Meta-analysis (SWiM) reporting 
guideline.19

Search Strategy
Five electronic databases, including PubMed, Cochrane 
Library (Cochrane Central Register of Controlled Trials), 
CINAHL, APA PsycINFO and Web of Science, were 
searched for relevant literature published between 
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January 2002 and May 2021. The search duration was 
selected because TKIs was first approved for the treatment 
of CML in 2001. Therefore, adherence interventions were 
most likely implemented after the first TKI was launched 
in the market. The search terms comprised the Medical 
Subject Headings (MeSH) terms and text words relevant to 
the research question (Table 1), including chronic myeloid 
leukaemia, tyrosine kinase inhibitors, medication adher-
ence and study design. Search terms were combined with 
Boolean operators (“OR”, “AND” and “NOT”) to form 
structured search strategies (Appendix 1). The search strat-
egy was initially piloted in PubMed by BKT, and the 
results were discussed with LCC and CSS to validate the 
search terms before being adapted for other databases. The 
reference lists of eligible articles were also checked for 
relevant literature.

Screening and Selection
All search results were imported into a reference manage-
ment programme (ie, EndNote), and duplications were 
removed. After deduplication, the title and abstract of the 
eligible articles were screened independently by two 
reviewers (BKT and PCB) according to the pre-specified 
inclusion and exclusion criteria (Table 1).

Fully published original research that evaluated the 
effects of interventions provided by healthcare profes-
sionals to improve TKI adherence in patients with CML 
were included in this review (Table 1). Although rando-
mised controlled trial (RCT) is the most rigorous study 
design to evaluate the effectiveness of an intervention, 
only two RCTs were identified from the pilot search. 
Therefore, other controlled study designs, such as cohort 
study and before-and-after comparison study comparing 
adherence enhancing interventions with a comparison (no 
additional adherence support), were also included in this 
review. Studies were excluded if they (1) recruited patients 
with cancers other than CML or patients with CML not 
taking TKI, (2) evaluated interventions (eg, medical, drug, 
surgical or transplant-based interventions) that were not 
designed to improve medication adherence; (3) did not 
make a comparison to the usual care; or (4) did not report 
TKI adherence as the outcome.

Each article was rated as either “included”, “excluded” 
or “maybe” (title and abstract did not provide sufficient 
information for inclusion decision). The intraclass correla-
tion coefficient (ICC) between reviewers was calculated 
using the SPSS programme20 to assess the rating consis-
tency between the two reviewers (BKT and PCB).21 ICC 

values less than 0.5, between 0.5 and 0.75, between 0.75 
and 0.9, greater than 0.90 indicates poor, moderate relia-
bility, good and excellent reliability, respectively.22 Both 
reviewers discussed the conflicts in the assigned rating 
until consensus was reached. The full text of all articles 
categorised as “relevant” and “maybe” were retrieved for 
further review to conclude the study selection.

Quality Assessment
The quality of included studies was assessed by two research-
ers (BKT and SSC) independently and then discussed to 
resolve any discrepancy. Three criteria were used according 
to the different study designs. The Cochrane risk-of-bias tool 
Version 2 (RoB2) was applied to assess the risk of bias in RCTs 
based on five domains across different aspects of the trial, 
including study design, conduct, and reporting. A series of 
signalling questions were used to categorise the judgement 
for each domain into “low risk of bias”, “high risk of bias” or 
“some concern”.23 The Newcastle Ottawa quality assessment 
scale (NOS) was used to determine the quality of cohort studies 
on three dimensions with several criteria in each dimension: 
study group selection (4), study group comparability (1) and 
outcome of interest (3). A study can be awarded one star for 
each criterion in study group selection and outcome of interest 
and a maximum of two stars in study group comparability.24 

The AXIS tool was used to appraise the quality of the before- 
and-after comparison studies. It consists of 20 questions that 
evaluated several aspects of the study: introduction (1), meth-
ods (10), results (5), discussion (2) and others (2), and each 
question can be categorised as “yes”, “no” or “do not know”.25

Data Extraction and Analysis
Data on study design, author, year of publication, country, 
sample size, intervention strategies and comparator, adher-
ence measure and data sources, as well as the results on 
adherence and other outcomes (ie, clinical, humanistic or 
economic outcomes), were extracted by BKT in 
a standardised form and reviewed by LCC. The form 
was developed after a discussion between BKT and LCC 
and piloted on two studies to assess whether the data 
extraction meets the aim of this review.

Participants’ adherence to TKI with and without 
intervention was presented in a forest plot without per-
forming any meta-analysis of the effect size across dif-
ferent types of studies. This is due to the high 
heterogeneity in the study design, intervention strategies 
and adherence definition across the included studies. 
Comparing intervention versus no intervention groups, 
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the pooled relative ratio of the proportion of participants 
adhered to tyrosine kinase inhibitors was synthesized by 
random-effects Mantel–Haenszel method for RCTs and 
cohort studies. The weighted mean difference of tyrosine 
kinase inhibitors’ doses taken or received was pooled by 
random-effects inverse variance methods for cohort stu-
dies, and before-and-after comparison studies.26 The 
clinical, humanistic and economic outcomes reported in 
the included studies between the intervention and com-
parison arms were also reported descriptively.

Result
Study Selection
The database search yielded 1126 results, of which 422 
were excluded as duplicates. A further 691 were excluded 
through the screening of titles and abstracts, leaving 13 
studies for full-text screening. There is a high consistency 
between the two reviewers (BKT and PCB) in record 
screening with the intraclass correlation coefficient of 
0.883 and the 95% confidence interval (95% CI) of 
0.864 to 0.899. Four studies were further excluded during 
the full-text screening, and hence, only nine relevant stu-
dies were included in the present review (Figure 1).

Characteristics of Included Studies and 
Intervention Strategies
The nine included studies were published from 2012 to 
2021 and conducted in the United States of America 
(USA) (n = 3), Europe (n = 3) and Asia (n = 3). Various 
study designs were reported, including RCT27,28 (n = 2), 
cohort studies29–32 (n=4) and before-and-after comparison 
studies32–34 (n=3). The majority (5 out of 9) recruited 
participants from multiple institutions.27,28,30,32,33 Study 
sample sizes ranged from 23 to 558 participants 
(Table 2). All included studies assessed complex interven-
tions with several components to ensure CML patients’ 
effective engagement and optimal adherence to TKIs.

The back-bone of the intervention comprised of 
intensive education and consultations with pharmacists 
(n = 6),27,29,30,34–36 nurses (n = 2)28,32 or multidisciplin-
ary team (n = 1)33 to address the barriers of poor 
treatment adherence. Overall, the duration of the inter-
vention ranged from three months to five years. In both 
the RCTs,27,28 print materials or web-based videos were 
provided to supplement verbal information. Another cri-
tical component of the intervention was structured fol-
low-up consultations to monitor and reinforce 

Table 1 Inclusion and Exclusion Criteria of Systematic Review

Concept Inclusion Criteria Exclusion Criteria

Population Patients with chronic myeloid leukemia taking tyrosine kinase 
inhibitors

Mixed cancer population other than chronic myeloid leukemia, 
or patients with chronic myeloid leukemia but not taking 

tyrosine kinase inhibitors

Intervention Education, counselling, cognitive behavioural therapy, adherence 

aids, mobile-based or any other interventions provided by 

healthcare providers to monitor and improve medication 
adherence

Medical, drug, surgical or transplantation-based intervention

Comparison Usual care (not receiving additional support for adherence) No comparison group

Outcome Medication adherence (as measured using the Morisky 
Medication Adherence Scales, medication possession ratio, 

etc.); with or without clinical (morbidity or mortality), 

humanistic (quality-of-life or utility) or economic (cost- 
minimisation, cost-effectiveness, cost-saving, cost-benefit 

analysis) outcomes

No report on medication adherence

Study design Randomized control trial, cohort study, comparison before and 

after study

Qualitative study, case report, case series, descriptive cross- 

sectional study, case-control study, systematic review

Type of 

publication

Original research Abstract, conference proceeding, protocol, preprint or editorial 

article

Language of 

publication

English Non-English
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medication adherence. In general, the follow-up interval 
of the studies ranged from twice weekly to three times 
a month. In two studies,29,33 the follow-up intensity was 
de-escalated based on individual participants’ adherence 
status.

Besides regular follow-up, three studies offered addi-
tional supports, including psychotherapy33 and practical 
reminder strategies, ie, mobile-based apps27 or short mes-
sage service (SMS) text messaging.28,32 Although counsel-
ling was conducted face-to-face or via telephone call and 
email in most studies, one study utilized a digital approach 
to coach patients in self-managing their prescribed TKI 
therapy via bi-directional SMS interaction with a -
pharmacist.30 Another strategy was to use a treatment 
diary as a symptom and treatment tracking tool to 
empower patients to actively participate in managing 
their conditions and medications.34

Quality of Included Studies
The quality of methodology was rated as high to mod-
erate for the two included RCTs (Table 3). Nevertheless, 
blinding of investigators and patients was not performed 
in both RCTs due to the nature of the adherence inter-
vention. In the RCT by Kekale et al, three out of the 
other four criteria were not met due to the lack of 
description on the mechanism of allocation concealment, 
high dropout rate and the potentially biased self- 
reporting adherence.28

Similarly, the overall quality of the four cohort stu-
dies was high to moderate (Table 4). The study by 
Sawicki et al30 met all nine quality criteria, but the 
other three studies violated 1 to 3 out of the nine 
criteria. The study by Moon et al was rated with the 
lowest methodological quality due to the possibility of 
enrolling highly motivated patients who joined the 

Figure 1 Flowchart of study selection. 
Notes: PRISMA figure adapted from Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ. 
2021;372:n71. Available from: http://creativecommons.org/licenses/by/4.0/.18
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‘Happy club” into the intervention group. In addition, 
the methods of assessing adherence were not specified, 
and the dropout rate was high.32 Additionally, the qual-
ity of the three before-and-after comparison studies 
(Table 5) was poor mainly due to the small sample 
size and short duration of follow-up (3 to 4 
months33,36). Consequently, the long-term effect of non- 
randomised interventions is unknown.

Adherence Definition, Measures and Data 
Source
Three approaches were used to measure TKI adherence in 
the nine studies (Table 2), including: (1) participants’ 
response to questionnaire28,29,36) via researcher interview 
or participants’ self-reporting, (2) electronic compilation 
of participants’ dosing history, ie medication event mon-
itoring system (MEMS)33 and (3) analysis of prescription 
refill data obtained from hospital dispensing record27,31,34 

or claim database.30 Depending on these different mea-
surements and data sources, various metrics were applied 
to quantify the adherence to TKIs. Medication possession 
ratio (MPR) and received/prescribed daily dose (RDD/ 
PDD) were used to analyze prescription refill data. 
Another formula, ie, “the days with dosing taken as pre-
scribed”, was used to calculate TKI adherence from the 
MEMS printout. One study defined TKI adherence as “the 
dose taken over the dose should be taken”; however, the 
data source for this measure was not specified.32

Overall, the nine included studies used two different 
constructs to compare medication adherence with and 
without intervention: “ the relative proportion of partici-
pants who adhered to TKI” and “the rate of TKI dose 
taken/received”. Studies that reported the relative propor-
tion of participants who adhered to TKI used two different 
cut-off levels, ie, MPR ≥ 90%27,35 or MPR ≥ 85%.30 In the 
three studies using the questionnaire, optimal adherence 
was defined as a total score of ≥6 or ≤0.28,29,36

Association of the Intervention with TKI 
Adherence
Overall, seven out of nine studies demonstrated that adher-
ence to TKIs in the intervention group was significantly 
better than in the comparison group. The relative propor-
tion of participants who adhered to TKIs ranged from 1.22 
to 2.42 (Figure 2). The improvement in the rate of TKI 
doses taken/received ranged from 1.5% to 7.1% 
(Figure 3).

One cohort study in the United States by Dennison et al 
compared a structured pharmacist-led oral chemotherapy 
program to unstructured pharmacist-led counselling and 
found no significant difference, with a relative proportion 
of participants who adhered to TKIs (Rate Ratio: 0.92; 
95% CI: 0.54, 1.56).29 Another cohort study in Korea by 
Moon et al, which implemented phone consultation with 
a nurse in tandem with daily medication reminder text 
messages, also reported a no significant change in the 
rate of TKI doses taken (mean difference: −0.10%; 95% 
CI: −0.34%, 0.14%).32

Association of Intervention with Clinical, 
Humanistic and Economic Outcomes
Three out of the nine studies (including RCT, cohort study 
and before-and-after comparison study) reported clinical 
and humanistic impact of the adherence 
interventions.27,29,36 In contrast, none of the included stu-
dies assessed economic outcomes.

The RCT in Malaysia by Tan et al reported 
a statistically higher major molecular response (MMR) 
rate of 22.6% at the 6th month in the intervention group 
compared to the control group (58.5% vs 35.9%; p = 
0.010) and a significantly higher DMR rate of 13.7% at 
12th months (24.6% vs 10.9%; p = 0.042).27 In addition, 
the generalised estimating equation (GEE) model was used 
to account for confounding variables, such as participants’ 
tyrosine kinase mutation status. The study reported 
a significant association between intervention and MMR 

Table 3 Methodological Quality of Included Randomized Controlled Trials

Study Randomization 
Process

Deviation from 
Intended 
Intervention

Missing 
Outcome 
Data

Measurement of 
the Outcome

Selection of the 
Reported Result

Overall 
Risk

Tan et al (2020) + ! + + + +
Kekale et al (2016) ! ! ! – + !

Notes: +: low risk of bias; !: some concern; -: high risk of bias.

https://doi.org/10.2147/PPA.S269355                                                                                                                                                                                                                                  

DovePress                                                                                                                                               

Patient Preference and Adherence 2021:15 2570

Tan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Ta
bl

e 
4 

M
et

ho
do

lo
gi

ca
l Q

ua
lit

y 
of

 In
cl

ud
ed

 C
oh

or
t 

St
ud

ie
s

St
ud

y
Se

le
ct

io
n

C
om

pa
ra

bi
lit

y
O

ut
co

m
e

To
ta

l

R
ep

re
se

nt
at

iv
e 

of
 t

he
 E

xp
os

ed
 

C
oh

or
t

Se
le

ct
io

n 
of

 
N

on
- 

E
xp

os
ed

 
C

oh
or

t

A
sc

er
ta

in
m

en
t 

of
 E

xp
os

ur
e

D
em

on
st

ra
ti

on
 t

ha
t 

O
ut

co
m

e 
of

 I
nt

er
es

t 
N

ot
 P

re
se

nt
 a

t 
th

e 
St

ar
t 

of
 t

he
 S

tu
dy

C
om

pa
ra

bi
lit

y 
of

 C
oh

or
ts

 
(1

) 
M

ai
n 

Fa
ct

or
 

(2
) 

A
dd

it
io

na
l 

Fa
ct

or

A
ss

es
sm

en
t 

of
 O

ut
co

m
e

Su
ffi

ci
en

t 
Fo

llo
w

- 
U

p 
T

im
e

A
de

qu
ac

y 
of

 F
ol

lo
w

- 
U

p

D
en

ni
so

n 
et

 a
l (

20
21

)
1

1
1

1
2

0
1

0
7

Sa
w

ic
ki

 e
t 

al
 (

20
19

)
1

1
1

1
2

1
1

1
9

La
m

 e
t 

al
 (

20
15

)
1

0
1

1
2

1
1

1
8

M
oo

n 
et

 a
l (

20
12

)
1

1
1

1
1

0
1

0
6

N
ot

es
: 1

: f
ul

fil
le

d;
 0

: n
ot

 fu
lfi

lle
d.

Ta
bl

e 
5 

Q
ua

lit
y 

A
ss

es
sm

en
t 

of
 t

he
 T

hr
ee

 B
ef

or
e-

an
d-

A
fte

r 
C

om
pa

ri
so

n 
St

ud
ie

s

St
ud

y
In

tr
od

uc
ti

on
M

et
ho

ds
R

es
ul

ts
D

is
cu

ss
io

n

Q
1

Q
2

Q
3

Q
4

Q
5

Q
6

Q
7

Q
8

Q
9

Q
 1

0
Q

 1
1

Q
12

Q
13

Q
14

Q
15

Q
16

Q
17

Q
18

Q
19

Q
20

Le
ad

er
 e

t 
al

 (
20

18
)

Y
N

N
Y

Y
N

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

N
Y

Sa
nt

ol
er

i e
t 

al
 (

20
18

)
Y

N
N

Y
Y

Y
N

Y
Y

Y
N

Y
Y

N
Y

Y
N

N
N

Y

M
ou

lin
 e

t 
al

 (
20

16
)

N
N

N
Y

Y
Y

N
Y

Y
N

N
N

Y
N

?
Y

Y
Y

N
Y

A
bb

re
vi

at
io

ns
: Y

, Y
es

; N
, N

o;
 ?

, D
o 

no
t 

kn
ow

.

Patient Preference and Adherence 2021:15                                                                                       https://doi.org/10.2147/PPA.S269355                                                                                                                                                                                                                       

DovePress                                                                                                                       
2571

Dovepress                                                                                                                                                              Tan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


rate (odds ratio: 1.225; 95% CI: 1.198, 1.941) and DMR 
rate (odds ratio: 1.036; 95% CI: 1.006 to 2.009).27 

Although the before-and-after comparison study in Brazil 
by Moulin et al also found improvement in molecular 
remission rate of 35% post-intervention (95.6% vs 87%), 
the statistical inference was not performed due to small 
sample size (n = 23).36 On the other hand, the cohort study 
in the United States by Dennison et al found no significant 
differences in the early molecular response rate (75% vs 

75%, p = 1.000) and MMR rate (85% vs 85%, p = 1.000) 
between the experimental and comparison groups.29

In terms of humanistic outcomes, the RCT by Tan et al 
showed that six out of 20 subscales of the health-related 
quality-of-life score were assessed using the European 
Organisation for Research and Treatment in Cancer 
(EORTC_QLQ30_CML24) questionnaire were signifi-
cantly better in the intervention compared to the control 
arm. These included cognitive functioning (+8.89, p = 

Figure 2 Relative ratio of the proportion of participants who adhered to tyrosine kinase inhibitors comparing the intervention versus no intervention groups.

Figure 3 Mean difference of tyrosine kinase inhibitors’ doses taken or received comparing intervention versus no intervention groups.
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0.019), insomnia (−5.56, p = 0.033), financial difficulties 
(−15.55, p = 0.029), impact on worry/mood (−9.59, p = 
0.013), satisfaction with care and information (+26.11, p < 
0.001) and satisfaction with social life (+21.11, p < 
0.001).27 The before-and-after comparison study by 
Moulin et al and the cohort study by Dennison et al also 
found a reduction in the symptoms of TKI-related adverse 
reactions by 31% post-intervention (70% vs 39%, p < 
0.05)36 and a higher rate of satisfaction with care among 
the intervention group (100% vs 75%, p = 0.047) respec-
tively. However, the questionnaires used to assess TKI 
adverse reactions and patient satisfaction were not 
validated.29

Discussion
The results of this review suggested that complex inter-
ventions delivered by healthcare professionals, such as 
pharmacists, nurses or multidisciplinary teams, could 
improve adherence to TKI in CML patients. In general, 
the adherence-enhancing strategies can be characterised by 
the “4E”s behaviour change’ model, including four ele-
ments: “educate” (information and guidance delivered by 
healthcare professionals), “encourage” (support such as 
adherence aids or regular contact to reinforce behaviour 
change), “empower” (coaching to encourage self- 
management of symptom and medication) and “execute” 
(action plan to ensure changes is embedded by disseminat-
ing the positive impact on health outcomes). The dynamics 
of these various intervention components will target 
a variety of barriers to TKI adherence to influence 
patients’ medication-taking behaviour favourably.

The majority of the retained studies (7 out of 9) 
demonstrated significant improvement in TKI adherence 
in the intervention group, albeit a smaller effect size in 
some studies. For example, the before-and-after compar-
ison study in Israel only found a marginal 1.5% improve-
ment in the TKI adherence rate.33 This is probably due to 
the high baseline adherence rate of 97.5% and a highly 
accurate adherence assessment method, MEMS. In con-
trast, two cohort studies in the United States and Korea 
reported no significant difference in adherence outcome. 
This observation could be attributed to patients in both the 
intervention and control groups of the United States study 
who received pharmacist clinical follow-up and 
counselling.29 Whereas, the study in Korea has a high 
baseline adherence rate of more than 96% and, hence, 
there is not much room for improvement.32 Future 
research should consider the level of adherence needed 

to allow a clinically meaningful quantification of the inter-
vention effect and not necessary to implement any adher-
ence intervention on patients with a high ceiling level of 
close to 100% baseline adherence rate.

It is challenging to draw a definite conclusion on the 
optimal strategies of the adherence enhancing intervention 
implemented by healthcare professionals, given the differ-
ent combinations of adherence enhancing intervention 
strategies employed at different intensities and for differ-
ent durations. Different adherence definitions further limit 
comparability of the study results, cut-off points and mea-
sures used. A variety of methods were used to assess 
medication adherence in the included studies, such as the 
questionnaire, prescription refill records and microelectro-
nic dosing monitoring. Currently, there is no gold standard 
since each adherence assessment method has its strength 
and limitations. The main limitation with questionnaire 
measures is social desirability bias. Therefore, psychome-
trically validated tools should be used. Although prescrip-
tion refill data analysis avoids patient manipulation for 
social desirability, it is impossible to verify whether 
patients took their medications. On the other hand, 
a micro-electronic monitoring system used a pill bottle 
with a cap that contained a microchip to precisely record 
the time the container was opened but not necessarily 
taken by the patient. It is also expensive and unlikely to 
have utility in routine clinical practice.3 Hence, this review 
observed a need to include two approaches of adherence 
measurements, for example, questionnaire and refill his-
tory, and to standardise the definition and measures of 
adherence to allow comparison of findings across studies, 
which agrees with the previous studies.3

Several included studies assessed the clinical and 
humanistic outcomes. Nevertheless, only one RCT27 

demonstrated significant effects on molecular response 
and health-related quality-of-life with a robust analytical 
method (GEE) to account for the influence of confounding 
factors. In addition, the impact of these programs on pre-
venting or limiting toxicities of oral TKI therapy has not 
been studied. Furthermore, no study evaluated the effect of 
adherence enhancing intervention on economic outcomes. 
Further research should evaluate the cost implication of 
the adherence enhancing interventions as the interventions 
may require substantial financial investment in time and 
human resources, which should be justified by potential 
cost saving from otherwise more frequent healthcare visits 
or hospitalisation to manage uncontrolled CML or com-
plications from disease progression as a consequence of 
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TKI treatment failure from suboptimal adherence. 
Therefore, it is crucial for future research to include eco-
nomic evaluation to justify service funding and wide-
spread implementation in routine clinical practice.

Only 2 out of 9 studies described the conceptual frame-
work used to develop the adherence intervention. In 
designing the medication management service (MMS), 
Tan et al27 incorporated a phase by phase complex inter-
vention development process as recommended by the 
Medical Research Council (MRC) United Kingdom 
(UK),37 and used the COM-B behavioural change 
model38 in designing the intervention strategies as well 
as in modelling the expected outcomes. Results of the 
qualitative study that preceded the RCT was reported in 
a separate publication.39 Similarly, Leader et al33 designed 
their intervention based on a previously published concep-
tual framework40 drawn from a comprehensive literature 
review. Future studies should provide a theoretical ground-
ing to justify the adherence-enhancing intervention design, 
which is essential to ensure the generalizability of the 
study findings and subsequent applications of the adher-
ence-enhancing intervention strategies.

One of the limitations in the present review is that it 
only included literature published in English, and hence 
may have missed studies published in other languages. 
Secondly, the synthesis of the results in this review is 
limited by the high heterogeneity in study design, adherence 
enhancing intervention strategies, and adherence definition 
and measures that precluded a meta-analysis. Finally, there 
may be sources of systematic bias in this review as most of 
the retained studies were non-RCT. Nonetheless, this study 
is the first systematic review that assessed the effectiveness 
of adherence-enhancing intervention implemented by 
healthcare professionals in patients with CML. The results 
showed that complex interventions delivered by healthcare 
professionals within a personalised framework could 
improve adherence to TKIs and clinical outcomes. This 
review covered the CML patient population from diverse 
regions, cultures, health beliefs, health literacy levels and 
healthcare funding. The findings provide insights into 
potentially effective intervention strategies that are readily 
transferable to real-world applications.

Conclusion
The findings of the present systematic review demon-
strated the importance and potential benefits of adherence 
enhancing interventions implemented by healthcare pro-
fessionals among CML patients. Across the body of 

evidence, effects were consistent in improving TKI adher-
ence via adherence enhancing strategies implemented by 
healthcare professionals, albeit only one study showed 
a significant association between adherence and clinical 
or humanistic outcomes. Further studies are required to 
evaluate the cost-effectiveness of adherence-enhancing 
interventions to provide decision-making evidence for 
healthcare institutions and policymakers.
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