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Dramatically improved survival associated with tyrosine kinase inhibitor (TKI) therapy has transformed the
disease model for chronic myeloid leukemia (CML) to one of long-term management, but treatment success
is challenged with poor medication adherence. Many risk factors associated with poor adherence can be
ameliorated by close monitoring, dose modification, and supportive care. Controlling risk factors for poor
adherence in combination with patient education that includes direct communication between the health
care team and the patient are essential components for maximizing the benefits of TKI therapy. Am. J. Hem-
atol. 87:687–691, 2012. VVC 2012 Wiley Periodicals, Inc.

Introduction
The last three decades have witnessed extraordinary

advances in the treatment of chronic diseases, among
which tyrosine kinase inhibitor (TKI) therapy for chronic my-
eloid leukemia (CML) is perhaps one of the most outstand-
ing examples. Between 1975 and 1977, the 5-year relative
survival rate of patients with CML was only 24% [1]. Alloge-
neic stem cell transplantation offered a potential cure for a
small subset of patients; however, the risk of serious infec-
tion, graft-versus-host disease, relapse, and mortality pre-
sented substantial limitations [2,3]. The introduction of ima-
tinib (Gleevec1, Novartis Pharmaceuticals Corporation,
East Hanover, NJ) in 2001 replaced interferon-a as the
standard of care for CML patients, with a result of remark-
able improvement in patient survival. For example, the 8-
year follow-up analysis of imatinib treatment in 553 CML
patients participating in the International Randomized Study
of Interferon versus STI571 demonstrated an overall sur-
vival (OS) rate of 85%; OS was 93% when only CML-
related deaths and those before stem cell transplantation
are considered [4]. With this prolonged survival and the
recent approval of the more potent agents nilotinib
(Tasigna1, Novartis Pharmaceuticals Corporation, East
Hanover, NJ) and dasatinib (Sprycel1, Bristol-Myers
Squibb Company, Princeton, NJ), which may be able to
provide additional survival benefit, CML more closely
resembles a chronic rather than a fatal disease. A new
challenge has arisen, however, stemming directly from the
success of TKI therapy. Poor medication adherence has
come into focus as a major impediment to successful treat-
ment of patients with CML: New evidence has shown that
inadequate adherence to imatinib and suboptimal outcomes
are inextricably linked [5–7].
Difficulty in maintaining high medication adherence is not

limited to TKI therapy or patients with CML, however.
Indeed, the problem is pervasive across chronic conditions.
For example, a 2003 report from the World Health Organi-
zation found the average rate of long-term adherence for
diseases such as asthma, diabetes, hypertension, and tu-
berculosis was only about 50% in developed countries, and
assumed to be even lower in developing countries where
health resources are fewer and access to care is unpredict-
able [8]. The report identified five key areas that affect ad-
herence, including factors related to socioeconomics, the
health care team or health system, therapy and interven-
tions, the condition and its treatment, and factors intrinsic
to patients themselves. Although some factors were rela-
tively more important in one chronic illness than another,
multiple factors often were involved, making poor adher-
ence a multidimensional problem [8].

The impact of poor adherence across chronic conditions
was demonstrated in a meta-analysis of 63 studies in can-
cer, diabetes, heart disease, hypercholesterolemia, hyper-
tension, intestinal diseases, recurrent otitis media, sleep
apnea, and transplant. The analysis found a significant dif-
ference in outcome between patients with high versus low
adherence: high adherence reduced the risk of a poor out-
come by 26% [9]. The degree to which patients adhere to
medication also has larger societal ramifications. One large
retrospective study found that high rates of medication ad-
herence were associated with lower disease-related medi-
cal costs and significantly lower hospitalization rates for
patients with diabetes, hypertension, hypercholesterolemia,
and congestive heart failure [10]. Similar relationships were
observed when adherence and health care costs were ana-
lyzed in patients with HIV [11] and osteoporosis [12].
Although it may be assumed that adherence is univer-

sally high in CML because the benefits of adhering to TKI
treatment are clear, the literature suggests that long-term
adherence will be problematic for some patients. Further-
more, adherence is not an ‘‘all or none’’ phenomenon but
represents a range of behaviors, from taking all medica-
tions as prescribed, to an occasional skipped dose, to tak-
ing few or no doses at all [13]. It is essential for all clini-
cians who treat CML to be aware of the degree and impact
of poor adherence to TKIs, the underlying risk factors, and
strategies to ensure that patients continue TKI therapy to
gain its full benefits.

Adherence in Patients with CML
The study of adherence to TKIs in patients with CML is

relatively new, and all but one report to date have examined
adherence only to imatinib. The Adherence Assessment
with Glivec: Indicators and Outcomes (ADAGIO) study was
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a prospective, 90-day, observational study that used clinical
interviews, self-reporting, and pill counts to assess adher-
ence [6]. In this study, physicians estimated adherence
among the 169 evaluable patients to be very high, believing
that on average, 92.8% of patients were adherent to imati-
nib during the first month after diagnosis, and 87.4% after
12 months of treatment. Patients also reported high adher-
ence rates, as indicated on a 100-point visual analog scale
(VAS): the average VAS rating of adherence was 95.3 at
enrollment and 95.7 at the 90-day follow-up. However,
assessment by an adherence scale yielded quite different
results from pill counting. Use of the Basel Assessment of
Adherence Scale [14] indicated that approximately one-third
of patients were nonadherent in the 30 days before and the
90 days during the study. Based on pill count, on average,
90.9% of the prescribed imatinib was taken; however, 71%
of patients took less (with some patients taking as little as
29%), and 14.8% took more medication than prescribed
(up to 202%). Only 14.2% of patients took their medication
as prescribed [6].
A study from the Hammersmith Hospital in the United

Kingdom examined adherence in 87 patients with chronic-
phase CML who had been receiving imatinib 400 mg for a
median of nearly 5 years [5]. Adherence was monitored for a
median of 3 months using a microelectronic monitoring sys-
tem, an electronic device fitted into the medication bottle cap
that recorded each time the bottle was opened. The median
adherence rate was 98%, but ranged from 24 to 104%. More
than a quarter of the population (26%) was !90% adherent,
and 14% of the population was !80% adherent [5].
Health care databases, which include electronic phar-

macy claims and medical data, provide another means to
assess adherence. A retrospective study by Darkow et al.
analyzed treatment interruptions and the medication pos-
session ratio (MPR) during 12 months of imatinib therapy
in 267 participants in a managed care plan. A treatment
interruption (failure to refill an imatinib prescription within 30
days of when the previous prescription ran out) was
observed in 31% of patients, and the MPR (calculated as
the total days when imatinib was available divided by 365
days 3 100) was 77.7% [15]. Wu et al. also used commer-
cial claims data and the MPR to determine imatinib adher-
ence. In their study, 592 patients were categorized as hav-
ing either a low (<85%) or high ("85%) MPR. The mean
MPR over 12 months was 79%; 40.9% of patients had a
low MPR and 59% had a high MPR [16]. Furthermore, a
retrospective cohort study used pharmacy data from an
employee health information database to calculate the aver-
age 12-month MPR. Patients were considered to be adher-
ent to imatinib if they maintained an average MPR of
>85%. Among 430 patients, the mean MPR was 80%, with
only 60% of patients reaching an MPR of >85% [17].
Information regarding nilotinib and dasatinib is limited.

One recent study has examined adherence to these more
potent TKIs in second-line settings [18]. Two large retro-
spective claims databases were combined; patients with
CML who received one or more prescriptions of dasatinib
(n 5 452) or nilotinib (n 5 69) were identified and followed
for up to 6 months. Treatment adherence was measured by
the proportion of days covered (PDC). Patients receiving
nilotinib had better adherence compared with those receiv-
ing dasatinib, representing a difference of 17.1 days of cov-
erage over 6 months. The mean (standard deviation) PDC
with nilotinib was 0.79 (0.23) versus 0.69 (0.28) with dasati-
nib (P 5 0.009) [18]. This finding was unexpected given
that dasatinib has a once-daily regimen, whereas nilotinib
is taken twice daily [18].
Although the studies described here used different meth-

ods to measure adherence, results were strikingly consist-

ent: A substantial proportion of patients with CML have dif-
ficulty adhering to TKI treatment.

Impact of Poor Adherence on Treatment Response
Poor adherence to imatinib therapy can have profoundly

negative consequences, including a suboptimal treatment
response, imatinib resistance, and disease relapse [19]. In
the ADAGIO study (N 5 169), which used pill count as a
surrogate measure of adherence, patients who were less
adherent were more likely to have a suboptimal response
than those who had good adherence [6]. Specifically,
patients with a partial cytogenetic response had taken
between 74 and 77% of the prescribed dose; patients with
a complete cytogenetic response (CCyR) had taken
between 90 and 93% of the prescribed dose [6].
In the Hammersmith Hospital study (N 5 87), adherence

was associated with achieving major molecular response
(MMR; a 3-log reduction from baseline of BCR-ABL tran-
script levels or <0.1% on the international scale [IS]) and
complete molecular response (CMR; an undetectable BCR-
ABL transcript level after two consecutive polymerase chain
reaction measurements, equivalent to <0.0032% on the IS)
[5]. Highly adherent patients (those who took >90% of
medication as prescribed) had a significantly higher 6-year
probability than did less adherent patients (those who took
!90% of medication as prescribed) of achieving MMR
(95% vs. 28%, respectively; P < 0.001) and CMR (44% vs.
0%, respectively; P 5 0.002). No MMRs were observed
when adherence was !80%, and no CMRs were observed
when adherence was !90%. Moreover, multivariate analy-
sis identified adherence as one of two independent predic-
tors for achieving MMR and the only independent predictor
for achieving CMR. These data led the authors to conclude
that good adherence was critical for achieving molecular
responses in patients who had achieved CCyR with imati-
nib [5]. Although two patients harbored KD mutations, the
authors acknowledge that there are insufficient data to
relate adherence to mutations. This work was continued in
a follow-up study in which the authors investigated the rela-
tionship between adherence to imatinib, as measured by
microelectronic monitoring systems, and the probability of
losing CCyR and of imatinib failure in the subsequent 2 years
[7]. Patients with low adherence (!85%; n 5 23) had a
higher probability than did adherent patients (>85% adher-
ence; n 5 64) of losing their CCyR at 2 years (26.8% vs.
1.5%, respectively; P 5 0.0002) and a lower probability of
remaining on imatinib (64.5% vs. 90.6%, respectively; P 5
0.006). On multivariate analysis, the adherence rate and fail-
ure to achieve an MMR were the only independent predictors
for loss of CCyR and discontinuation of imatinib therapy [7].
Recently, a third study, performed at the Adyar Cancer

Institute, Chennai, India, has been reported in the literature
[20]. The authors evaluated the records of 516 patients
receiving imatinib for chronic-phase CML for adherence to
therapy and patient outcomes. Nonadherence was defined
as unwarranted treatment interruption for more than 1
week. For all patients, the estimated 5-year event-free sur-
vival (EFS) rate was 70.8% (95% confidence interval: 63.3–
78.3), with a median follow-up of 39 months. Adherent
patients demonstrated a 5-year EFS rate of 76.7%, but for
nonadherent patients, the 5-year EFS rate was 59.8% (P 5
0.011). These data provide a direct measure of the impact
of adherence on survival.

Impact of Poor Adherence on Economic Outcomes
Poor adherence is also associated with greater overall

health care utilization and medical costs in CML. In the retro-
spective analysis of US claims data reported by Darkow
et al., MPR and costs were inversely related. After controlling
for age, sex, number of concomitant medications, starting
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dose of imatinib, and cancer complexity in 267 identified
CML patients, the MPR was inversely associated with health
care costs, excluding the cost of imatinib (P < 0.001) and
medical costs (P < 0.001). Every 10% point reduction in
MPR was associated with a concomitant 14% increase in
health care costs, excluding imatinib costs and a 15%
increase in overall medical costs [15].
Similarly, the claims data analysis by Wu et al. found that

in a study sample of 592 CML patients, a high MPR was
associated with significantly lower disease-related and total
health care costs, as well as lower resource utilization [16].
Patients with a low MPR (<85%) used more health care
resources, including more frequent all-cause inpatient
admissions (4.1 vs. 0.4; P < 0.001) and all-cause inpatient
days (14.8 vs. 1.8; P < 0.001), than did patients with a
high MPR (!85%). Patients with a low MPR also had
higher inpatient care costs, outpatient costs, and non-imati-
nib pharmacy costs (Fig. 1). Although patients with low
MPRs had lower imatinib costs than did patients with high
MPRs, the cost savings were offset by the increased costs
of inpatient and outpatient care. The total cost of care for
the low-MPR cohort was significantly higher than that for
the high-MPR cohort (Fig. 1).

Predictive Factors of Nonadherence in CML
Studies have identified a number of variables that affect

adherence to TKIs. Predictors of poor adherence from two
of the most recent studies found a range of factors, many
of which can be addressed by close patient monitoring and
proactive management (Table I). Modifiable risk factors
identified by St. Charles et al. in 430 evaluable CML
patients included a starting imatinib dose of >400 mg, a
longer time lag between CML diagnosis and imatinib pre-
scription fill, a greater number of concomitant prescriptions,
and a higher percentage of copayment [17].
The study from the Hammersmith Hospital (N 5 87)

found that common adverse events (AEs: asthenia, nausea,
muscle cramps, and bone or joint pains) and taking imatinib

independently of meals (a contributor to gastrointestinal
tract upset) were associated with significantly lower adher-
ence rates [5]. These data are consistent with a recent
study in which patients with CML were asked to report cur-
rent symptoms, how these symptoms interfered with daily
activities, and how they were managed to maintain accept-
able quality of life. A total of 44 symptoms were reported
on a symptom inventory; fatigue, pain, and nausea were
most frequent. Notably, such symptoms interfered with ad-
herence, leading some patients to stop or consider stop-
ping treatment or to decrease the dose or frequency of
treatment [21].

Strategies to Improve Adherence
Strategies to improve adherence must take patients’ rea-

sons for missing doses into consideration and address
them directly. In-depth interviews were conducted with 21
of the 87 CML patients who participated in the Hammer-
smith Hospital adherence trial to explore reasons why
doses of imatinib were missed [22]. In agreement with the
adherence literature at large, the results showed that
patients’ reasons could be categorized as either being unin-
tentional or intentional, with some overlap [22]. Uninten-
tional nonadherence is when patients are hindered from
taking their medication as prescribed by reasons beyond
their control; intentional nonadherence is when patients
consciously decide to miss doses [8]. In interviews with
CML patients, the most common reason for unintentional
nonadherence was forgetting doses, and the most common
reason for deciding to miss doses was to avoid experienc-
ing AEs. Surprisingly, many patients did not think missing
‘‘the odd dose’’ mattered and based this belief on communi-
cation with health care professionals [22]. These results
suggest that to improve TKI treatment adherence in
patients with CML, it is important not only to elucidate
methods that will help patients remember to take doses but
also to address AEs appropriately and promptly and to
explain the importance of treatment adherence. Preliminary

Figure 1. Association between adherence and costs (2005 US dollars) [16]. MPR, medication possession ratio. Note: Costs are over the first year after initiation of ima-
tinib. Low MPR: <85%; high MPR: !85%. *P < 0.001. yP 5 0.001. {P 5 0.021.
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data from an online survey of 405 physicians who treat
CML patients in Brazil, France, Italy, Spain, and Russia
suggested that individual patient counseling on adherence
and involvement of the patient in established adherence
protocols positively affects adherence [23]. It is also impor-

tant to involve the patients when deciding on what strategy
may be most helpful for each individual [24].
Health care professionals play an important role in

encouraging patient adherence to TKI therapy. They can
advise patients on adherence aids, such as pillboxes and

TABLE I. Predictors of Poor Adherence to Imatinib Treatment in Patients With CML [5,6,17]

Authors Study design No. of patients Adherence measure Patient-related predictors of poor adherence

St. Charles
et al. [17]

Retrospective cohort study using an
employee-based database containing
pharmacy and medical data

430 MPR over 12 months ! Younger agea

! Shorter exposure to imatinib
! Index imatinib dose >400 mg
! Longer time lag between CML diagnosis

to imatinib prescription fill
! More concomitant prescriptions
! Higher copayment (>$5/day)

Marin et al. [5] Prospective study that monitored
adherence during long-term imatinib
treatment

87 MMS over 3 months ! Younger ageb

! AEs (asthenia, nausea, muscle cramps,
and bone or joint pains)

! Patients who took imatinib independently of meals
! Unexplained fivefold increases in BCR-ABL1

transcript levels
Noens et al. [6] Prospective, observational, multicenter,

noninterventional study
169 Clinical interviews,

self-reporting, and pill
counts over a 90-day period

Associated with increased nonadherencec

! Older age
! Longer time since diagnosis of CML
! Living alone
! Male sex
! Longer time on imatinib
! Imatinib dose "600 mg/day
! Higher degrees of chronic care received
! Higher self-reported functional status/quality of life
Associated with better adherencec

! Knowledge of disease and treatment
! More medications taken per day
! Secondary school graduate or higher
! Long-term medication behavior self-efficacy

AE, adverse event; CML, chronic myeloid leukemia; MMS, microelectronic monitoring system; MPR, medication possession ratio.
a Inclusion criteria restricted age to 18–65 years; mean age: 50 years.
b Median age at enrollment: 50.7 years (range: 25.5–89.0 years).
c These are not independent factors and should be interpreted as part of a canonical model of multiple complementary variables. They are presented in descending

order of canonical loading (correlation of the individual variables and their respective variables).

Figure 2. Algorithm for managing modifiable risk factors for poor adherence to tyrosine kinase inhibitor (TKI) therapy: side effects. Treatment resistance is defined as
failing to achieve treatment milestones. Note: This algorithm can be modified based on the particular risk factor or factors that are identified in individual patients.
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alarms, which patients who experience unintentional nonad-
herence may find beneficial. In addition, they can provide
guidance to address patients’ concerns regarding AEs and
make sure patients understand how to optimally manage
their illness and treatment. Improved patient–physician
communication should be promoted to support adherence,
especially in regard to involving patients in treatment deci-
sions [24].
Side effects associated with poor adherence can be

managed by prompt attention and supportive care. National
Comprehensive Cancer Network1 Clinical Practice Guide-
lines in Oncology1 recommend examining adherence in
patients who failed to achieve a hematologic or cytogenetic
response with TKI therapy [25]. Even Grades 1 and 2 treat-
ment-related AEs should be regularly monitored, because
their persistence can adversely impact adherence. Further-
more, low-grade AEs can become chronic, and supportive
care should be optimized early to prevent AEs from becom-
ing more severe. Based on clinical experience, an algorithm
has been provided to address patients who present with re-
sistance by failing to achieve treatment milestones for TKI
therapy (Fig. 2). Although specific to side effects, this algo-
rithm can be modified based on the particular risk factor or
factors that are identified in individual patients. If side
effects continue despite supportive care, a change to
another TKI should be considered. Notably, patient educa-
tion with every step is essential.

Conclusions
Over the past decade, the introduction of TKI therapy for

treatment of CML patients has resulted in increased sur-
vival and improved quality of life. Poor long-term adherence
to TKI therapy, however, has arisen as a critical new chal-
lenge in the management of this disease. Poor medication
adherence to imatinib negatively impacts treatment efficacy
and leads to higher morbidity and mortality by contributing
to resistance, suboptimal cytogenetic and molecular
responses, and higher risk of disease progression [5,7,19].
Further studies are needed to learn the impact of imatinib
pill dosage on adherence (e.g., four 100 mg tablets vs. the
400 mg tablet), if adherence differs among patients under
the care of community versus academic oncologists, and
how the frequency of visits and milestone follow-up testing
impacts adherence. Additional studies also are needed to
investigate adherence to dasatinib and nilotinib, to deter-
mine if the impact of poor adherence observed with imati-
nib can be generalized across all available TKI therapies.
Although patients and physicians believe adherence to

imatinib to be high, both groups overestimate the actual
degree of adherence [6]. Data suggest that at least one-
third of patients are poorly adherent to imatinib treatment
regimens [5,6,15,17]. Understanding the underlying inten-
tional and unintentional causes of nonadherence, investi-
gating and addressing modifiable risk factors, and educat-
ing patients on the need to take medication as prescribed
will do much to help patients achieve maximum benefits
from their treatment.
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