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Purpose: To evaluate adverse drug reactions (ADRs) experienced by chronic myeloid leukemia 

(CML) patients during per oral tyrosine kinase inhibitor (TKI) treatment and correlation of ADR 

symptoms with medication adherence and perceived quality of life (QoL).

Patients and methods: Eighty-six adult, chronic-phase CML patients who had been on 

TKI treatment (79% on imatinib, 10.5% dasatinib, and 10.5% nilotinib) for at least 6 months 

participated in the study (mean age: 57.8 years, 52% males). The mean time from diagnosis 

was 5.1 years. All patients were interviewed, and patient-reported ADRs were obtained using 

a structured list. Adherence was assessed using Morisky’s 8-item Medication Adherence Scale 

(MMAS). The symptoms’ interference with patient’s daily QoL was measured by asking patients 

about the influence of symptom(s) on their mood, general condition, enjoyment of life, walking, 

relationships, and work.

Results: Ninety-seven percent of the patients were suffering from at least one ADR. The mean 

number of different symptoms was seven (range: 0–15, median 6). The most commonly perceived 

ADRs were muscle soreness or cramp (69/86, 80%); swelling of hands, legs, feet, or around 

the eyes (59/86, 69%); and fatigue (43/86, 50%). No correlation was found between adherence 

and ADRs, because symptoms were equally common in each MMAS adherence class. Half of 

the patients felt that the ADRs had a negative influence on their daily QoL. A quarter of the 

patients reported that ADRs affected either their mood, general condition, or enjoyment of life. 

The incidence of almost all ADRs was much higher among patients reporting negative influence 

of ADRs on their daily life compared to total study population (P=0.016).

Conclusion: TKI-related ADRs were common among CML patients irrespective of patient’s 

adherence level. Patients who reported that ADRs had a negative influence on their daily QoL 

perceived more ADRs than those who did not experience a negative influence.

Keywords: chronic myeloid leukemia, tyrosine kinase inhibitors, adverse drug reaction, 

adherence, quality of life, patient-reported outcomes

Introduction
Chronic myeloid leukemia (CML) is a clonal disease of hematopoietic stem cells and 

is characterized by the presence of the Philadelphia chromosome and its oncogenic 

product p210 (Bcr-Abl).1 The treatment of CML has dramatically changed over 

the last decade with the development of targeted therapy tyrosine kinase inhibitors 

(TKIs). CML patients treated with TKIs have good survival rates: patients treated 

with imatinib have been shown to have an estimated overall survival rate of 85% 
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after 8-years’ follow-up.2 Patients treated with TKIs need 

to continue treatment on a daily basis for their entire life to 

control the disease.3 With current TKI therapies, the average 

rate of progression is approximately 1% per year.2,4–7 This 

means that the symptom burden associated with TKI therapy 

generally has a greater effect on the patients’ daily life than 

the symptom burden of this progressive disease.8 Several 

adverse drug reactions (ADRs) related to TKI therapy in 

CML are common to all TKIs, including myelosuppres-

sion, rash, nausea, diarrhea, fatigue, and musculoskeletal 

pain/arthralgia/myalgia, which occur at varying frequencies 

depending on the TKI in question.4–6

The need for continuous, potentially lifelong treatment 

with TKIs requires a high degree of patient perseverance 

for long-term disease control. The levels of adherence to 

TKI therapy among patients with CML have been found to 

be low.9–13 When asked about their poor adherence to ima-

tinib therapy, CML patients report numerous reasons, both 

unintentional (forgetfulness, prescribing error, drug avail-

ability), and intentional (side effects, social events, travel, 

temporary illness, negative feelings, medication taste).14 

Eliasson et al14 have also found that patients who reported 

intentional reasons for nonadherence had greater symptom 

severity than patients who reported unintentional reasons. 

Marin et al10 found significantly lower rates of adherence to 

imatinib among patients who reported ADRs.

A standardized collection of health-related quality of life 

(QoL) data and other patient-reported outcomes (PROs) has 

contributed to a better understanding of overall treatment 

effectiveness in patients with solid tumors,15,16 but such 

evidence is lacking in patients with leukemia.17,18 PROs are 

defined by the FDA as “a measurement of any aspect of a 

patient’s health status that comes directly from the patient” 

(ie, without the interpretation of the patient’s responses 

by a physician or anyone else).19 Documenting QoL and 

the adverse effects of CML treatments from the patients’ 

perspective is necessary to evaluate overall treatment effec-

tiveness and the net clinical benefits of newer therapeutic 

strategies.20 A patient-centered approach to determining the 

symptoms most relevant to patients with CML is supported 

by recent findings showing that health-care providers tend 

to underestimate the intensity of symptoms felt by patients 

with advanced cancer.21 While the impact of TKIs from 

the patient’s perspective has been little investigated, PROs 

could be critical for making more informed treatment deci-

sions, as all TKIs seem to provide similar excellent clinical 

outcomes.4,6 More attention has been placed on understand-

ing the impact of symptom burden on patient QoL. At the 

moment, however, validated instruments to measure QoL in 

CML patients are not widely available or regularly used in 

clinical research or routine practice.

The aim of this study was to investigate patient-reported 

ADRs and their influence on adherence and QoL among CML 

patients on per oral TKI treatment.

Patients and Methods
Patient population
The study period was from June 2012 to September 2013. 

Eighty-six adult chronic-phase CML patients who had been 

on TKI treatment for at least 6 months were enrolled from 

eight secondary and tertiary care hospitals in Finland. All 

recruited patients gave their written informed consent before 

participating in the study. The study protocol was approved 

by HUS Ethics Committee of Medicine, and the ethics com-

mittees of the other concerned hospitals.

Patient interviews
All patients were interviewed in person by one of the 

researchers (MK), using a structured interview form. Each 

patient’s demographic data were collected during the inter-

view. The interviews were digitally recorded, transcribed 

verbatim, and the results analyzed.

Adherence
Patient adherence was measured at the beginning of the 

interview using Morisky’s 8-item Medication Adherence 

Scale (MMAS)22 validated for Finnish speakers.12 MMAS 

is a structured questionnaire validated to estimate adherence 

to treatment and is widely used in chronic diseases.22 The 

8-item scale consists of seven questions with “yes” or “no” 

alternatives and one item (the last one) with a 5-point Likert 

scale. MMAS evaluates items addressing the circumstances 

surrounding adherence behavior.22 Each item measures a 

specific medication-taking behavior and not a determinant 

of adherence behavior. MMAS scores can range from 0 to 8 

and have been classified into three levels of adherence: high 

adherence (score 8), medium adherence (score 6–7.75), and 

low adherence (score ,6).22 MMAS questions related to inten-

tional adherence and symptoms were separately analyzed.

ADRs
Patient-reported ADRs were assessed during the inter-

view using a structured questionnaire. The questionnaire 

consisted of a list of 19 CML and TKI treatment-specific 

symptoms, and six items assessing the symptoms’ interfer-

ence with the patient’s daily life (QoL). Patients were asked 
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about the ADRs they experienced at the time of the study 

using a list of symptoms collected from the most common 

ADRs caused by TKIs in Phase III studies. The interviewer 

followed the standardized symptom inventory questionnaire, 

and every symptom was investigated by asking, “After the 

start of the TKI treatment have you suffered or are you 

currently suffering from the (mentioned) symptom?” The 

following alternatives were given: 1) not applicable; 2) has 

suffered before, but not at the moment (these answers were 

not included in the analysis); or 3) yes, I am currently 

suffering from this symptom (included in the analysis). 

The number of patient-reported ADRs was considered as 

a “symptom score”, each reported symptom yielding one 

score (score range: 0–1).

QoL
The patient interview also included six structured questions 

assessing functional impairment associated with TKI treat-

ment (QoL). QoL was assessed as a negative influence of 

patient-reported ADRs on six items: mood, general condi-

tion, enjoyment of life, walking, relationships, and work in 

general. Each item scored one point (ie, the patient answered 

“yes”), leading to a maximum score of 6. This was considered 

as a QoL measure. If the patient did not report any nega-

tive influence on his/her daily QoL, then the score was “0”.  

The correlation between “QoL score” and “symptom score” 

was measured.

Statistical analysis
Each patient’s MMAS score was compared with the QoL 

score and symptom score. The statistical analysis was per-

formed using IBM SPSS Statistics for MAC version 21.0 

(IBM Corporation, Armonk, NY, USA). Spearman’s rho 

test was used to evaluate the difference between adherence, 

QoL, and ADRs. For statistical analysis, an α-value of 0.05 

was considered statistically significant. Descriptive statistics 

were calculated as frequencies, percentages, means, and 

medians.

Results
Patients
A total of 120 chronic-phase CML patients were contacted 

between June 2012 and September 2013 in eight secondary 

or tertiary care hospitals in Finland. Of these, 86 participated 

in the study. The mean age was 57.8 years and 52% were 

male. Of the patients, 79.1% were using imatinib, 10.5% 

dasatinib, and 10.5% nilotinib. Patient characteristics are 

shown in Table 1.

Patient-reported ADRs and their 
influence on medication adherence
The incidence of patient-reported ADRs was high (Figure 1). 

At the time of the study, 97% of the patients reported suffering 

from at least one ADR which had started after the start of 

TKI treatment. The most commonly experienced ADRs 

were muscle soreness or cramp (69/86, 80%), swelling 

of hands, legs, feet, or around the eyes (59/86, 69%), and 

fatigue (43/86, 50%). There were also differences in ADR 

Table 1 Characteristics of the CML patients on TKI medication 
involved in the study (n=86)

Variables n (%)

Sex, n (%)
Male 45 (52.3)
Female 41 (47.7)

Agea (years)
Mean (SD) 57.8 (12.1)
Median 59.0
Range 25.0–83.0

 Age at diagnosis (years)
Mean (SD) 52.7 (12.3)
Median 52.0
Range 19.0–79.0

Time from diagnosis (years)
Mean (SD) 5.1 (3.7)
Median 4.0
Range 0.5–17.0

TKI medication-related factors
TKI medication, n (%)

Imatinib 68 (79.1)
Dasatinib 9 (10.5)
Nilotinib 9 (10.5)

Line, n (%)
First 47 (54.7)
Second 25 (29.1)
Third 13 (15.1)
Fourth 1 (1.2)

Number of TKI doses per day, n (%)
One 72 (83.7)
Two 14 (16.3)

Comorbidities (n)
Mean 1.6
Median 1
Range 0–8

Other medications (n)
Mean 2.2
Median 2
Range 0–10

Quality of Life Scoreb

Mean 1
Median 0
Range 0–5

Patient-reported ADRs (n)
Mean 7
Median 6
Range 0–15

Notes: aAt the time of adherence evaluation; bRange 0–6; score 0, best; score 6, worst.
Abbreviations: ADRs, adverse drug reactions; CML, chronic myeloid leukemia; 
SD, standard deviation; TKI, tyrosine kinase inhibitor.
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profiles between the three different therapies (Table 2). The 

incidence of different ADRs at different adherence levels is 

shown in Table 3. No correlation was found between adher-

ence and patient-reported ADRs, because symptoms were 

equally common in each MMAS adherence class (high, 

medium, and low).

Influence of ADRs on patients’ QoL
More than half of the patients felt that the ADRs had a nega-

tive influence on their daily QoL (Table 4). A quarter of the 

patients reported that the symptoms had a negative influence 

either on their mood, general condition, or enjoyment of life. 

Patients who felt that their symptoms negatively affected their 

Figure 1 Prevalence of each patient-reported ADR in the study population (% of the patients, n=86).
Abbreviation: ADR, adverse drug reaction.

Table 2 CML patients’ self-reported ADRs with regard to the TKI in use

ADRs Total (n=86)
n (%)

Imatinib (n=68)
n (%)

Dasatinib (n=9)
n (%)

Nilotinib (n=9)
n (%)

Muscle soreness or cramping 69 (80) 60 (88) 3 (33) 6 (67) 
Swelling of hands, legs, feet, or around the eyes 59 (69) 51 (75) 4 (44) 4 (44)
Fatigue 43 (50) 34 (50) 3 (33) 6 (67)
Diarrhea 35 (41) 34 (50) 1 (11) 0
Nausea 35 (41) 34 (50) 1 (11) 0
Having a dry mouth 34 (40) 30 (44) 3 (33) 1 (11)
Bruising easily 29 (34) 24 (35) 3 (33) 2 (22)
Rashes or skin changes 29 (34) 22 (32) 2 (22) 5 (56)
Numbness or tingling 24 (28) 19 (28) 3 (33) 2 (22)
Disturbed sleep 18 (21) 16 (24) 2 (22) 0
Feeling of being distressed 18 (21) 13 (19) 3 (33) 2 (22)
Feeling sad 18 (21) 14 (21) 2 (22) 2 (22)
Problem with remembering things 18 (21) 13 (19) 1 (11) 4 (44)
Feeling malaise 16 (19) 15 (22) 0 1 (11)
Lack of appetite 15 (17) 12 (18) 2 (22) 1 (11)
Pain 15 (17) 13 (19) 0 2 (22)
Vomiting 15 (17) 15 (22) 0 0
Feeling drowsy 14 (16) 12 (18) 2 (22) 0
Shortness of breath 13 (15) 12 (18) 1 (11) 0

Abbreviations: CML, chronic myeloid leukemia; TKI, tyrosine kinase inhibitor; ADRs, adverse drug reactions.
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QoL suffered from an average of eight different symptoms 

(range: 3–15, median 8).

Compared with the total study population, the incidence 

of all symptoms other than nausea and vomiting was higher 

among patients who said that their symptoms negatively 

affected their daily life than among those who reported no 

such influence (Table 5). More men reported their symptoms 

to have a negative influence on their daily life than women 

(53% vs 44%). More than half of the imatinib users (54%), 

one-third of the dasatinib users (33%), and one-fifth of the 

nilotinib users (22%) experienced symptoms that had an 

unwanted influence on their daily life.

Ceased medication or reduced dose
Nine (10%) patients spontaneously reported that ADRs had 

influenced their medication taking, ie, they had stopped tak-

ing the medication or reduced the dose when feeling worse 

(MMAS Question no 3). These patients also sometimes 

unintentionally forgot to take their medication. All of them 

reported that they were suffering from disturbed sleep, 89% 

(n=8) reported swelling, and 89% (n=8) cramp. Five (56%) of 

them felt that the symptoms influenced their daily life. Four 

patients had low adherence and five had medium adherence 

according to MMAS. Eight of them were using imatinib and 

one, dasatinib. The knowledge of the disease and its treatment 

was poor in this patient group,12 except for one patient who 

scored 4 out of 5 points. Six of these patients scored 0 and 

two patients scored 1 in the knowledge test.

Intentional nonadherence and patient-reported 
symptoms
Twenty-six (30%) patients in the study reported intentional 

nonadherence (ie, not taking medication for some reason 

other than forgetting). On average, these patients suffered 

Table 3 CML patients’ self-reported ADRs compared to their adherence to TKIs measured by MMAS (n=86)

ADRs Total (n=86)
n (%)

MMAS score 8 (n=20)
(high adherence)
n (%)

MMAS score 6–7.75 (n=48)
(medium adherence)
n (%)

MMAS score ,6 (n=18)
(low adherence)
n (%)

Muscle soreness or cramping 69 (100) 15 (22) 39 (57) 15 (22)
Swelling of hands, legs, feet, or 
around the eyes

59 (100) 14 (24) 35 (59) 10 (17)

Fatigue 43 (100) 11 (26) 19 (44) 13 (30)
Diarrhea 35 (100) 10 (29) 21 (60) 4 (11)
Nausea 35 (100) 7 (20) 21 (60) 7 (20)
Having a dry mouth 34 (100) 8 (24) 20 (59) 6 (18)
Bruising easily 29 (100) 9 (31) 17 (59) 3 (10)
Rashes or skin changes 29 (100) 6 (21) 15 (52) 8 (28)
Numbness or tingling 24 (100) 8 (33) 12 (50) 4 (17)
Disturbed sleep 18 (100) 5 (28) 8 (44) 5 (28)
Feeling of being distressed 18 (100) 2 (11) 13 (72) 3 (17)
Problem with remembering things 18 (100) 5 (28) 11 (61) 2 (11)
Feeling sad 18 (100) 3 (17) 10 (56) 5 (28)
Feeling malaise 16 (100) 5 (31) 7 (44) 4 (25)
Lack of appetite 15 (100) 4 (27) 7 (47) 4 (27)
Pain 15 (100) 3 (20) 9 (60) 3 (20)
Vomiting 15 (100) 2 (13) 12 (80) 1 (7)
Feeling drowsy 14 (100) 3 (21) 7 (50) 4 (29)
Shortness of breath 13 (100) 4 (31) 6 (46) 3 (23)

Abbreviations: ADRs, adverse drug reactions; CML, chronic myeloid leukemia; TKI, tyrosine kinase inhibitor; MMAS, Morisky’s 8-item Medication Adherence Scale.

Table 4 The negative influence of ADRs to patients’ quality of life in different adherence levels

The perceived influence of 
ADR to QoL variables

MMAS 8 (n=20)
% (n)

MMAS 6–7.75 (n=48)
% (n)

MMAS ,6 (n=18)
% (n)

MMAS total (n=86)
% (n)

Has some influence (total) 23 (10) 55 (24) 23 (10) 100 (44)
Influence in mood 17 (4) 63 (15) 21 (5) 100 (24)
Influence in general condition 30 (7) 43 (10) 23 (5) 100 (22)
Influence in enjoying life 23 (5) 55 (12) 23 (5) 100 (22)
Influence in walking 30 (3) 40 (4) 30 (3) 100 (10)
Influence in relationships 40 (2) 40 (2) 20 (1) 100 (5)
Influence in working 33 (1) 33 (1) 33 (1) 100 (3)

Abbreviations: ADR, adverse drug reaction; QoL, quality of life; MMAS, Morisky’s 8-item Medication Adherence Scale.
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from six different symptoms (range: 0–11, median 7). 

Intentional nonadherence was more common among women 

than men (37% vs 24%), and among dasatinib and nilotinib 

users than imatinib users (44%, 44% vs 26%). Half of the 

patients taking the medication twice daily reported intentional 

nonadherence compared with 26% of patients taking the 

medication on a single daily dose.

Discussion
In this study, the prevalence of patient-reported ADRs dur-

ing TKI treatment was high and much higher than in clinical 

trials, which in most cases study the efficacy and safety of 

treatments. Even though the ADRs did not influence adher-

ence, they had a significant influence on patients’ QoL.

It has been reported in previous studies that symptom 

burden is cited as a primary reason for poor adherence to TKI 

therapy, and poor adherence has been linked to unsatisfac-

tory treatment response and increased health-care resource 

utilization.9,10,14 Only 10% of the patients in the present study 

spontaneously reported that ADRs had influenced their medi-

cation taking, ie, they had stopped taking the medication or 

reduced the dose when feeling worse. Patients were willing to 

take the medication even though they were reporting ADRs. 

We were unable to find a clinical correlation between these 

symptoms and patient adherence, but there was a significant 

correlation between higher number of symptoms and a 

negative impact on the patient’s QoL.

Results from previous randomized controlled trials sug-

gest that treatment decisions influenced by QoL consider-

ations may be beneficial in some patients.23 It has been shown 

in a previous study that treatment with TKIs generally does 

not adversely affect – and may even improve – patient QoL.24 

As stated by the FDA, some “treatment effects are known 

only to the patient”, and such information can be lost when 

the patient’s perspective “is filtered through a clinician’s 

evaluation of the patient’s response to clinical interview 

questions”.19 Thus, it is likely that robust QoL evidence in 

this area will help physicians to make more tailored treatment 

decisions. In some therapeutic areas, symptom-specific rating 

scales have been found to be valuable tools for assessing the 

effects of an intervention on treatment-related symptoms. In 

general, patients report symptoms earlier and more frequently 

than clinicians. From these studies, it appears that clinicians 

may be better at recognizing ADRs with potentially serious 

consequences, whereas patients may be better at assessing 

more subtle changes that affect their overall QoL.25

The emergence of treatment-related ADRs, although 

potentially detrimental to patient QoL, can be effectively 

managed in most cases because ADRs are mostly mild to 

moderate in severity and generally consistent (ie, predict-

able) over time and across lines of therapy. Furthermore, the 

number of TKIs currently approved increases the likelihood 

that patients found to be intolerant to one TKI can switch to 

another, better tolerated alternative.

As CML patients come to expect increasingly longer 

survival with TKI therapy, the importance of managing symp-

tom burden related to the disease and its treatment will also 

increase. The complex interplay between symptom burden, 

adherence, response to TKI therapy, and health-care utilization 

highlights the need for regular symptom burden assessment 

in CML as a means to identify potential adherence problems 

before they affect the patients’ response to TKI treatment. 

Information on disease and treatment-related effects from 

the patient’s perspective crucially provides the additional 

knowledge needed for both patients and physicians to make 

informed treatment decisions. Many patients do not exhibit 

disease symptoms at diagnosis and therefore may be irritated 

by the ADRs caused by the treatment. The ADRs which 

had the most negative effect on patients’ QoL in the present 

study were swelling, rashes, disturbed sleep, feeling sad or 

depressed, a problem with remembering things, and a feeling 

of malaise. Identifying these symptoms could help in treatment 

follow-up designed to manage the ADRs and patients to be 

able to successfully continue their treatment. QoL is necessary 

to support the proper use of TKI therapy in CML.

Table 5 ADRs of the patients who reported that symptoms had 
negative influence to daily life (n=44) vs ADRs of all patients (n=86)

ADRs Negative influence 
(n=44)
% (n)

All (n=86)
% (n)

Muscle soreness or cramping 82 (36) 80 (69) 
Swelling of hands, legs, feet, or 
around the eyes

77 (34) 69 (59)

Fatigue 59 (26) 50 (43)
Diarrhea 48 (21) 41 (35)
Nausea 39 (17) 41 (35) 
Having a dry mouth 43 (19) 40 (34) 
Bruising easily 36 (16) 34 (29) 
Rashes or skin changes 43 (19) 34 (29) 
Numbness or tingling 30 (13) 28 (24)
Disturbed sleep 30 (13) 21 (18)
Feeling of being distressed 30 (13) 21 (18)
Feeling sad 34 (15) 21 (18) 
Problem with remembering things 32 (14) 21 (18) 
Feeling malaise 30 (13) 19 (16) 
Lack of appetite 23 (10) 17 (15) 
Pain 27 (12) 17 (15)
Vomiting 11 (5) 17 (15) 
Feeling drowsy 20 (9) 16 (14) 
Shortness of breath 20 (9) 15 (13) 

Abbreviation: ADRs, adverse drug reactions.
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Limitations
The present study has some limitations. The instruments 

used for assessing ADRs and QoL were not validated. At 

the time this study was started, no validated QoL assessment 

instruments specific to leukemia or CML were available. 

Recently, three leukemia- and CML-specific QoL instru-

ments have been validated: the Functional Assessment of 

Cancer Therapy – Leukemia,15 the M.D. Anderson Symp-

tom Inventory-CML,26,27 and the EORTC QLQ-CML24.28 

Further development and validation of leukemia- or CML-

specific QoL measurement tools could improve the overall 

management of CML.

The study was a cross-sectional study (only one inter-

view done). The ADRs were only reported by the patient 

and not compared with the physician’s assessment. It would 

be interesting to evaluate the severity of the symptoms in 

future studies. It may also be argued whether ADRs are the 

reason for a deterioration in QoL. ADRs may affect QoL, 

but it may also be argued that persons reporting impaired 

QoL may be those experiencing ADRs more frequently 

than others.

Conclusion
TKI-related ADRs were common among CML patients irre-

spective of patients’ adherence level. Patients who reported 

that ADRs had a negative influence on their daily QoL 

perceived more ADRs than those who did not experience a 

negative influence.
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