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Abstract
Chronic myeloid leukemia (CML) is a myeloproliferative neoplasm constituting
approximately 15% of newly diagnosed leukemia in adult patients. Development of
tyrosine kinase inhibitors (TKIs) have dramatically improved outcomes in patients
with chronic CML in chronic phase. However, adverse drug events (ADEs) associated
with TKI therapy have influenced drug adherence, resulting in adverse clinical
outcomes and a decline in the quality of life (QoL). In this study, we carried out a
unique questionnaire survey to evaluate ADEs, which comprised 14 adverse events.
We compared drug adherence rates between patients using imatinib and those who
switched from imatinib to nilotinib, a second-generation TKI. Following the switch,
the total number of ADEs decreased considerably in most cases. Simultaneously, better
QoL was observed in the nilotinib group than in the imatinib group. Drug adherence
was measured using Morisky’s 9-item Medication Adherence Scale (MMAS). MMAS
increased significantly after switching to nilotinib in all cases. Drug adherence is a
critical factor for achieving molecular response in patients with CML. In fact, our
results showed a strong inverse correlation between clinical outcome [international
scale (IS)] and adherence (MMAS), with a stronger tendency in the nilotinib group
than in the imatinib group. In conclusion, low occurrence of ADEs induced a high
level of QoL and a good clinical response with second-generation TKI nilotinib
treatment.

Introduction
Chronic myeloid leukemia (CML) is a clonal disease of the hematopoietic stem cells
and is characterized by the Philadelphia chromosome and its oncogene BCR-ABL1. The
treatment of CML has dramatically changed over the last decade with the development
of targeted therapy using tyrosine kinase inhibitors (TKIs). Furthermore, TKIs have
dramatically improved outcomes in patients with CML in chronic phase [1]. Several
adverse drug events (ADEs) related to TKI in CML patients are common, including
general edema, nausea, fatigue, and musculoskeletal symptoms, which occur at varying
frequencies depending on the TKIs. Patients who reported that ADEs had a negative
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influence on their daily quality of life (QoL) perceived more ADEs than those who did
not experience a negative influence. However, new ADEs developed once imatinib (IM)
was switched to nilotinib (NILO); therefore, early and successful management of ADEs
is required for the acquisition of tolerance to treatment [2]. The ADEs (peripheral edema,
muscle spasm, and eruption) that occurred at the beginning of IM treatment disappeared
after switching to NILO [3].
Adherence is compliance with a medication regimen and is based on patient
understanding, decision-making, and therapeutic cooperation. Adherence is defined by
various factors including awareness of taking medication, awareness of illness and
medicines, life rhythm, character, relationship of trust with the doctor or pharmacist, and
use of medicine information leaflets. Evaluation of medication adherence status revealed
that patients with poor adherence most frequently forgot to take their medicines after
lunch and between meals. Drug adherence has been reported as a critical factor for
achieving molecular response in patients with CML [4-7], and non-adherence to TKI
therapy may influence the disease outcome [5]. In this study, we evaluated drug
adherence using the 9-item Morisky Medication Adherence Scale (MMAS) [8,9]. We
compared drug adherence rates between patients using IM and those who switched from
IM to NILO, a second-generation TKI. The 9-item MMAS showed that drug adherence
improved significantly in the NILO group compared to that in the IM group. Moreover,
switching to the second-generation TKI improved drug adherence in a time-dependent
manner. Guérin et al. [10] reported that among the patients treated with second-line TKIs,
those treated with NILO had a significantly higher adherence compared to patients
treated with dasatinib. However, Trivedi et al. reported that among the second-line TKItreated CML patients, dasatinib patients had significantly higher adherence and lower
discontinuation rates compared with those receiving second-line nilotinib [11]. Chen et
al., however, raised some questions about the results described above [12]. In general,
social, disease-related, treatment-related, and patient-centered factors contribute to
improved adherence [5,13]. However, no significant differences in adherence,
hospitalization, or emergency room visits have been reported among patients initiating
a second vs first-generation TKI [14]. Marin et al. reported that no complete molecular
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responses were observed when adherence was ≤ 90%, and no major molecular responses
were observed when adherence was ≤ 80%; the adherence rate for each patient was
defined as the dose taken according to the microelectronic monitoring systems (MEMS)
reading and expressed as a percentage of the dose prescribed during the total duration of
the study [5]. We, therefore, examined the relationship between clinical outcome using
the international scale (IS) for BCR/ABL and clinical adherence determined by MMAS.
This study aimed to evaluate patient-reported ADEs during TKI treatment and their
influence on adherence and QoL in CML patients in chronic phase.

Patients and Methods
Patient population
Twenty patients with CML, who received TKIs at the National Hospital Organization
Osaka Minami Medical Center, were selected for this study. All study participants
provided informed consent, and the study design was approved by the appropriate ethics
review board.
Adverse events
All patients were questioned using an interview form (Fig. 1). Patient-reported ADEs
were assessed during the interview using a structured questionnaire (Fig. 1). Fourteen
ADEs were included in the form.
Quality of life (QoL)
QoL was judged on a scale of 1 to 5 during IM treatment in the past and during NILO
treatment in the present (Fig. 2).
Assessment of adherence and clinical outcome
Patient adherence was measured using the 9-item Morisky Medication Adherence Scale
(MMAS) [8,9]., with scores ranging from 1-13, where 13 indicates perfect adherence.
MMAS is composed of nine questions that explore the adherence behavior based on
forgetfulness, negligence, interruptions in drug intake, and the restart of drug intake.
Patients with an MMAS score of 11 or above were classified as adherent [21].
Statistical Analysis
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Statistical analysis was performed using GraphPad Prism v6 software (GraphPad
software Inc. La Jolla, CA). Unpaired student t test (Mann-Whitney test) was used
comparison between two groups. P value of ≤0.5

was considered significant.

Results
Comparison of ADEs between IM and NILO treatments
A questionnaire survey (Fig. 1), which included 14 adverse events, was carefully
carried out by calculating system. After switching from IM to NILO, the total number
of AEs decreased in most cases, except in 2 (Fig. 3). New AEs developed upon
switching to NILO; however, tolerance was gradually acquired by management of AE.

Improved symptoms after switching from imatinib to nilotinib
We investigated the type of ADEs that improved upon switching to NILO. As shown in
Fig. 4, ADEs such as facial edema, peripheral edema, lids edema, general fatigue,
depression, nausea, muscle pain and muscle cramp, were reduced significantly. These
results indicated that fluid retention, digestive symptom, and muscle symptom induced
by IM improved upon switching to NILO.

Alteration in QoL upon switching from imatinib to second-generation TKI
As the ADEs induced by IM was reduced by NILO administration, change of QoL was
examined by a questionnaire study (Fig. 2). The QoL score was significantly decreased,
indicating an improved QoL upon NILO administration (Fig. 5).

Relationship between clinical outcome (IS) and drug adherence (MMAS) in the NILO
group compared to that in the IM group
We compared the drug adherence rates and clinical outcome. Drug adherence was
measured using MMAS and clinical outcome was evaluated based on IS. A significant
relationship between clinical outcome and drug adherence was found in the NILO group
(p = 0.0002) (Fig. 6A) than in the IM group (p = 0.0024) (Fig. 6B).
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Discussion
Several ADEs related to TKI in CML during chronic phase, including general edema,
nausea, fatigue, and musculoskeletal symptoms, occur at varying frequencies
depending on the TKIs. We created a specific questionnaire survey that included 14
ADEs and was carefully conducted by calculating severity scores. After switching
from IM to NILO, the total number of ADEs decreased in most cases. Although new
ADEs developed initially after switching to NILO, tolerance was acquired by
management of ADEs [3,15]. In particular, fluid retention, digestive symptoms, and
muscle symptoms including facial edema, peripheral edema, lids edema, general
fatigue, depression, nausea, muscle pain and muscle cramps induced by IM were
reduced significantly (Fig. 4). Kekäle et al. reported that they were unable to find a
clinical correlation between these symptoms and patient adherence although, they did
find a significant correlation between higher number of symptoms and a negative
impact on the patient’s QoL [16]. Furthermore, they reported that intentional nonadherence was more common in women than in men (37 and 24%) and in patients
receiving dasatinib and NILO than in patients receiving IM (44%, 44% vs 26%,
respectively) [16]. However, Rychter et al. reported that there were no differences in
adherence among patients treated with imatinib, dasatinib, and nilotinib (p = 0.249)
[17]. In our study, the QoL score was significantly decreased in most patients who
switched to NILO, which might be the result of fewer ADEs. Previously, we reported
that statistically significant differences in adherence, defined by an MMAS score of (p
= 0.0011), were observed between the IM and NILO groups [18]. It has been reported
that adherence is the most critical factor for achieving clinical response and ultimately
for improving survival in patients with CML receiving TKI therapy [4,14]. Winn et al.
reported that, in a multivariate analysis, individuals with cost-sharing subsidies,
younger age, lower comorbidity, and later year of diagnosis were significantly more
likely to initiate TKIs [19]. We also compared drug adherence rates and clinical
outcomes. Clinical outcomes were evaluated using the IS for major BCR/ABL gene
expression. Significant relationships between clinical outcome and drug adherence
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rates were found in the IM (p = 0.0024) and NILO (p = 0.0002) groups, with a more
significant tendency in the NILO group. These results might be due to the difference in
drug adherence between the TKI groups. It has been reported that the Morisky high
adherence was positively associated with complete hematologic remission in the
chronic phase of CML [15,20]. Drug adherence has been reported as a critical factor
for achieving molecular response in patients with CML [4-7], and non-adherence to
TKI therapy may influence the disease outcome [5].

Conclusion
Various factors have been assessed for their impact on drug adherence. Among the
factors, ADEs of TKI have significant influence on drug adherence results, leading to
poorer outcomes during the clinical course and a decline in the QoL. Management of
ADEs associated with TKI treatment is the most important strategy to maintain a highdrug adherence. Furthermore, drug adherence has been reported to be a critical factor
for achieving molecular response in patients with CML. In fact, our results showed a
strong inverse correlation between clinical outcome and adherence.
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Figure legends

Figure 1.

An interview form for ADEs was prepared for all patients. Patient-reported adverse
events (ADEs) were assessed during the interview using a structured questionnaire.

Figure 2.
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An interview form for QoL was prepared for all patients. QoL was judged on a scale 1
to 5 during IM treatment (in the past) and during NILO treatment (in the present).

Figure 3.
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A unique questionnaire survey including 14 ADEs was carefully conducted by
calculating the severity score. Comparison of the ADE scores between IM group and
NILO group.

Figure 4.
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The ADEs which improved by switching to NILO are indicated. ADEs described below
including facial edema, peripheral edema, lids edema, general fatigue, depression,
nausea, muscle pain and muscle cramp improved.

Figure 5.
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An interview form for QoL was prepared for all patients. Comparison of QoL score
between IM group and NILO group.

Figure 6.
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Relationship between drug adherence rates and clinical outcome determined with IS.
Drug adherence was measured by Morisky’s 9-item Medication Adherence Scale
(MMAS). A more significant relationship between those evaluated parameters was
found in the NILO group (p = 0.0002) (Fig. 6A) than in the IM group (p=0.0024) (Fig.
6A).
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