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ABSTRACT
Health-related quality of life (HRQOL) assessment is important to facilitate decisions in the cur-
rent treatment landscape of chronic myeloid leukemia (CML). Therefore, the availability of a vali-
dated HRQOL questionnaire, specifically developed for CML patients treated with tyrosine kinase
inhibitors (TKIs), may enhance quality of research in this area. We performed an international
study including 782 CML patients to assess the validity of the EORTC QLQ-CML 24 questionnaire,
and to generate HRQOL reference values to facilitate interpretation of results in future studies.
Internal consistency, assessed with Cronbach’s alpha coefficients, ranged from 0.66 to 0.83. In
the confirmatory factor analysis, all standardized factor loadings exceeded the threshold of 0.40
(range 0.49–0.97), confirming the hypothesized scale structure. Reference values stratified by
age and sex were also generated. Our findings support the use of the EORTC QLQ-CML 24, in
conjunction with the EORTC QLQ-C30, as a valuable measure to assess HRQOL in CML patients.
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Introduction

Since the introduction of oral tyrosine kinase inhibitors

(TKIs) for the treatment of chronic myeloid leukemia

(CML), the number of people living with this disease has

remarkably increased [1] and health-related quality of life

(HRQOL) has become an important goal of therapy [2].

Indeed, life expectancy of CML patients now approaches

that of their peers from the general population [3].
Imatinib was the first TKI approved for the treat-

ment of CML in early 2000 [4] and subsequently, other
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TKIs were also approved as frontline treatment by the
US Food and Drug Administration (FDA) based on
results from pivotal randomized controlled trials (RCTs)
and these include: nilotinib [5], dasatinib [6], and
bosutinib [7]. There are now four TKIs which can be
used as alternative front-line therapies for newly diag-
nosed CML patients, with no major differences with
regard to survival outcomes [8]. However, these drugs
do have specific side effects profiles which require
appropriate management in routine practice [9]. This
scenario briefly illustrates why treatment decision-mak-
ing in CML is particularly challenging, and underscores
the importance of better understanding patient-
reported HRQOL to more robustly inform patient care.

Also, as administration of TKI therapy is typically
lifelong, even low grade side effects may impact on
daily living and overall patient’s wellbeing [10–12],
with potential negative implications with regard to
optimal adherence to therapy and long-term clinical
outcomes [13–17].

Despite substantial knowledge is available on safety
and clinical efficacy of CML therapies, little is known
on patients’ HRQOL outcomes, particularly for patients
treated with second generation TKIs [13], thereby lim-
iting our knowledge on how to further improve
healthcare quality in this cancer population. Therefore,
the EORTC Quality of Life Group (QLG) started in 2010
the international development of a multidimensional
HRQOL measure (i.e. the EORTC QLQ-CML24) for CML
patients [18] to be used in conjunction with the
EORTC QLQ-C30 [19]. Examples of validated multido-
main HRQOL measures that have been used in previ-
ous CML studies, include the Functional Assessment of
Cancer Therapy (FACT)-BRM [20] or the FACT-Leu [21].
Both measures have been implemented in pivotal
RCTs and have greatly helped in providing important
data to better understand the impact of newer CML
therapies on patients’ HRQOL. This was the case, for
example, for the IRIS study which compared imatinib
versus interferon alfa plus low-dose cytarabine [22]
and for the more recent BFORE trial, which compared
bosutinib versus imatinib in chronic phase (CP) CML
patients [23]. However, these questionnaires were not
specifically developed for CML patients in treatment
with modern TKI therapies. Another validated patient-
reported outcome (PRO) measure used in CML
research, is the MD Anderson Symptom Inventory
(MDASI) CML [24]. As well illustrated in the ENRICH
study, for example, this measure has contributed to
provide valuable data to understand patient-reported
symptom burden when switching TKI therapies [25].
However, rather than broader multidimensional

HRQOL aspects, the MDASI-CML has been developed
to assess symptom burden [24].

Therefore, the availability of a well-validated CML
specific HRQOL measure in the current CML arena,
may contribute to more thoroughly capture the bur-
den of disease and therapy in this cancer population
[26]. Indeed, the specific population in which validity
data of a given PRO instrument was generated, is an
important aspect to consider when evaluating if the
PRO instrument is fit for purpose for the specific con-
text of use [27,28].

We previously published the initial development of
the EORTC QLQ-CML24 questionnaire, by also docu-
menting item generation process [18], and we herein
report the results of a large additional study to assess
its validity. Given the importance of relying on refer-
ence values to enhance HRQOL outcome interpret-
ation [29], we also aimed to provide age and sex-
specific reference values for the EORTC QLQ-C30 and
the QLQ-CML24 in CML patients.

Patients and methods

Study design and development process

Full results of the previous phases of the development
of the EORTC QLQ-CML 24 questionnaire have been
reported in a previous work [18], which included adult
patients with a confirmed CML diagnosis. The first
phase consisted in the identification of a core set of
relevant issues for CML patients, through an iterative
process involving both patients and healthcare pro-
viders. In the second phase, these issues were format-
ted as specific items of a questionnaire, according to
the EORTC standards. This questionnaire was then
tested for relevance and acceptability in the third
phase. Overall, 637 CML patients participated from
nine countries and a provisional questionnaire (i.e. the
EORTC QLQ-CML24) including 24 items organized into
four multi-item scales and two single items, was devel-
oped (see supplementary Table S1) [18].

The hypothesized multi-item scales are symptoms
burden (SB) (13 items), impact on worry/mood (WA)
(four items), impact on daily life (DL) (three items), sat-
isfaction with care and information (SA) (two items)
while the single items are: body image (BI) problems
and satisfaction with social life (SS). A higher score in
SB, WA, DL, and BI scales reflects a larger impairment
in the corresponding domain, while a higher score on
the SA and SS scales reflects a higher level of satisfac-
tion. The EORTC QLQ-CML24 questionnaire was trans-
lated for each language according to the EORTC
translation guidelines [30] and it is currently available
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in 21 language versions including: Arabic (Iraq), Arabic
(Qatar), Chinese Mandarin (Malaysia), Chinese
Mandarin (Taiwan), Czech, Danish, Dutch, English,
Finnish, French (Europe), German, Greek, Hebrew,
Hungarian, Italian, Japanese, Korean, Malay (Malaysia),
Portuguese (Brazil), Spanish (Mexico), and
Spanish (Spain).

Population and enrollment criteria

In order to maximize broad coverage of disease and
treatment-related characteristics, four groups of adult
CML patients in treatment with TKIs were considered,
who had not been enrolled in any of the previous
phases of the initial development of the EORTC QLQ-
CML 24 questionnaire [18]. These included, patients
who were in first line therapy with first generation TKI
(i.e. imatinib only) (group A, N¼ 121) or with second
generation TKIs (e.g. dasatinib or nilotinib) (group B,
N¼ 68). In these two patient groups, HRQOL was
assessed twice: before (t0) and after (t1) the achieve-
ment of the first complete cytogenetic response
(CCyR). The median time from treatment start to t0
was of 0.6 weeks, while the median time from CCyR
to t1 was 1 week. A third group consisted of patients
who were in 2nd or greater line of therapy with any
TKI, due to being resistant or intolerant to first line
therapy (group C, N¼ 66). In this group, HRQOL was
measured only at study entry, after start of current
treatment (median time 27.2 weeks). The fourth group
(group D, N¼ 70) consisted of patients who were in
treatment with any TKI for at least 3 years and in
CCyR. In this group, the median time from current
treatment start to HRQOL assessment was 46.4 weeks.
This latter group was a priori selected for the test–ret-
est analysis and completed the questionnaires twice,
that is, at baseline and follow-up (3–7 days after base-
line). This group was not expected to show any
changes in health status between the two HRQOL
assessments (e.g. loss of CCyR, change in ECOG per-
formance status). Debriefing interviews regarding the
time taken to complete the questionnaires, any assist-
ance needed, and if they had additional comments
were also performed in these patients. Patients were
recruited from Austria, Italy, Netherlands, Brazil, China,
Iraq, Malaysia, and the U.S.A. This study was registered
at clinicaltrials.gov as NCT03075969 and overall
included 325 patients.

In an effort to enrich validation data by increasing
sample size and patients’ heterogeneity, two add-
itional cohorts of CML patients were also included
post-hoc in the analysis. None of the patients from

these additional cohorts had been enrolled in any of
the previous phases of the development of the EORTC
QLQ-CML 24 questionnaire. A cohort of 145 CP CML
patients was recruited in the Netherlands, who were
receiving imatinib (N¼ 64) or second generation TKIs
(N¼ 81) in any line of treatment, whose HRQOL was
measured only at study entry; and a cohort of 312 CP-
CML patients was recruited from Germany and Italy,
who were in first-line treatment with either imatinib
(N¼ 215) or second generation TKIs (i.e. dasatinib,
N¼ 97) [31]. HRQOL was measured only at study entry,
after start of current treatment (median time
17 months). Participating centers provided approval
by their ethical committee and all patients provided
informed consent.

Statistical analysis

Patients’ demographic and clinical characteristics were
summarized by frequencies, means, standard devia-
tions, and ranges, as appropriate. For each scale, char-
acteristics of the corresponding score distribution
were described by mean, standard deviation, median,
minimum, and maximum scores, as well as skewness
and kurtosis values. Cronbach’s alpha [32] was used to
estimate the internal consistency of each multi-item
scale at t0. A Cronbach alpha coefficient �0.70 was
considered acceptable [33]. Test–retest reliability was
assessed by estimating the intraclass correlation coeffi-
cient (ICC) as a measure of agreement between the
first and second assessment (t0 and t1) of patients in
group D, using a two-way random effects model [34].
We considered ICC values between 0.5 and 0.75, 0.75
and 0.90, and greater than 0.90 as indicating respect-
ively a ‘moderate’, ‘good’, and ‘excellent’ reliabil-
ity [35].

To establish a fit for the hypothesized underlying
scale structure of the EORTC QLQ-CML24, we per-
formed a confirmatory factor analysis (CFA). We used
the weighted least squares estimator with adjustment
for means and variances procedure, which allows for
the modeling of ordinal data, and model identification
was ensured by fixing the factor loading of one item
per factor to one and by fixing the error variance of
the single-item factors to zero. The goodness-of-fit of
the CFA model was evaluated by the comparative fit
index (CFI), the Tucker-Lewis index (TLI), and the root
mean squared error of approximation (RMSEA) [36].
CFI and TLI values above 0.95 or 0.90 indicate good or
acceptable fit, respectively. RMSEA values below 0.05
or 0.08 indicate good or acceptable fit, respect-
ively [37].
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Convergent and divergent validity was assessed by
examining the correlations between the scales of the
EORTC QLQ-CML24 and the EORTC QLQ-C30 using
Spearman’s rank correlation coefficient. The discrimin-
ant validity of the EORTC QLQ-CML24 was assessed by
performing known-group comparisons, comparing the
means of the following patient subgroups: comorbid-
ity (0 versus �1), ECOG performance status (0 versus
�1), and treatment (imatinib versus 2nd generation
TKIs). We used the Wilcoxon–Mann–Whitney test to
evaluate differences between the patient subgroups.

Responsiveness to change of the EORTC QLQ-
CML24 scales was determined using the following
anchors: (1) obtainment of a CCyR and (2) clinically
meaningful deterioration and improvement, respect-
ively, in the EORTC QLQ-C30 global health status/qual-
ity of life (QL) scale. We assessed clinically meaningful
deterioration and improvement of the QL scale
according to thresholds criteria reported by Cocks
et al. [38]. The Wilcoxon signed-rank test was used to
examine differences between baseline and follow-up
scores. Patients in group A and group B were used for
the responsiveness to change analyses. Finally, to pro-
vide reference HRQOL scores, mean scores with stand-
ard deviations were calculated for each scale of the
EORTC QLQ-C30 and EORTC QLQ-CML 24 and the
analyses were stratified by sex (male, female) and age
groups (18–44, 45–64, �65 years). These age group
categories were based on consensus among authors
and on balance of number of patients represented in
each of the three groups. p values of <.05 were con-
sidered statistically significant. All analyses were per-
formed with SAS version 9.4 (SAS Inc., Cary, NC) and
with the R software version 3.5.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Results

Patient characteristics

Overall, 782 CML patients enrolled from 59 centers in
nine countries were considered. Distribution of
patients per country was the following: Austria (N¼ 2),
Brazil (N¼ 3), China (N¼ 7), Iraq (N¼ 14), Italy
(N¼ 574), Malaysia (N¼ 23), Netherlands (N¼ 146),
Germany (N¼ 8), and the U.S.A. (N¼ 5). The majority
of the patients were receiving imatinib at study inclu-
sion (N¼ 456, 58.5%). Five patients were excluded
from analyses of measurement properties and gener-
ation of reference values due to non-valid question-
naires. Further details are provided in Table 1.

Questionnaire characteristics

The characteristics of the EORTC QLQ-CML24 module
were examined using the baseline scores (supplemen-
tary Table S2). With the exception of the SB scale and
WA scale, we observed the entire range of possible
scores (0–100). Overall, the percentage of missing val-
ues was low across all items of the EORTC QLQ-
CML24, with the mean percentage of missing items at
baseline being around 1%.

Reliability and scale structure of the QLQ-CML24

In the CFA, all standardized factor loadings exceeded
the threshold of 0.40 (range 0.49–0.97), confirming the
hypothesized scale structure of the EORTC QLQ-CML24
(Table 2). The CFI (0.96), the TLI (0.95), and the RMSEA
(0.05) indicated good fit of the model. For the multi-
item scales, Cronbach’s alpha coefficients ranged from
0.66 for DL scale to 0.83 for the SB scale. The ICC in
group D ranged between 0.66 and 0.83 (Table 2),
showing moderate to good reliability for the CML-
24 scales.

Table 1. Socio-demographic and clinical characteristics of
CML patients (N¼ 782).
Variable Value

Gender, N (%)
Female 355 (45.4)
Male 427 (54.6)

Age, N (%)
18–44 years 134 (17.1)
45–64 years 311 (39.8)
�65 years 337 (43.1)

Highest level of education, N (%)
Compulsory school 230 (31.4)
High school degree 328 (44.7)
University degree or higher 175 (23.9)
Missing 49 (.)

TKI treatment, N (%)
Imatinib 456 (58.5)
Dasatinib 185 (23.8)
Nilotinib 113 (14.5)
Other TKI 25 (3.2)
Missing 3 (.)

TKI: tyrosine kinase inhibitors.

Table 2. Reliability and scale structure of the EORTC
QLQ-CML24.

Scale No. of items Cronbach’s alpha ICCa
Standardized
factor loadings

SB 13 0.83 0.83 0.49–0.68
WA 4 0.69 0.76 0.59–0.73
DL 3 0.66 0.75 0.58–0.86
BI 1 NA 0.66 NA
SA 2 0.79 0.70 0.80–0.97
SS 1 NA 0.70 NA

ICC: intraclass correlation coefficient; SB: symptom burden; WA: impact
on worry/mood; DL: impact on daily life; BI: body image problems; SA:
satisfaction with care and information; SS: satisfaction with social life; NA:
not available.
aICC was measured in group D.
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Convergent and divergent validity of the scales

Size and direction of the 90 possible correlations
between the EORTC QLQ-C30 and QLQ-CML24 scales
were in accordance with the conceptual assumptions
(see supplementary Table S3), indicating convergent
and divergent validity. The SB scale, WA scale, DL
scale, and BI scale correlated positively with the
EORTC QLQ-C30 symptoms scales and negatively with
the EORTC QLQ-C30 functional scales. The SS scale
correlated positively with the EORTC QLQ-C30 func-
tional scales and negatively with the EORTC QLQ-C30
symptom scales. The SA scale did not correlate signifi-
cantly with the majority of the EORTC QLQ-C30 scales,
except for a positive correlation with the global health
status/QL scale.

Discriminant validity

The mean scores of the QLQ-CML24 scales for each
group comparisons (comorbidity, ECOG performance
status, and type of TKI treatment) are reported in
Table 3. Comparing CML patients with no comorbid-
ities against those with one or more comorbidities, we
found that patients with no comorbidities reported
statistically significant better scores for SB (p<.001),
WA (p¼.007), DL (p<.001), BI (p¼.028), and SS
(p<.001). Correspondingly, patients with a better
ECOG performance status (ECOG ¼ 0) reported statis-
tically significant better scores for SB (p<.001), WA
(p<.001), DL (p<.001), BI (p<.001), and SS (p¼.020).
Finally, patients who were treated with imatinib (i.e.
first generation TKI) reported statistically significant
worse scores compared to patients who were treated
with 2nd or 3rd generation TKIs for the following
CML24 scales: SB (p<.001), DL (p¼.002), and SS
(p¼.012). After having adjusted for age, which was
unbalanced between the two groups, the results were
in line with unadjusted comparisons (data not shown).

Responsiveness to change

This analysis yielded no statistically significant differen-
ces in any of the QLQ-CML24 scales from baseline to
follow-up in patients who obtained a CCyR. However,
patients who reported a clinically meaningful deterior-
ation in the EORTC QLQ-C30 global health status/QL
scale, reported changes in mean scores in the
expected direction and with a statistically significant
deterioration in the SB scale (p¼ .005) and the DL
scale (p¼ .023) (Figure 1). Correspondingly, patients
who reported a clinically meaningful improvement in
the EORTC QLQ-C30 global health status/QL scale,
reported a statistically significant improvement in the
SB scale (p¼ .005) and the DL scale (p¼ .033)
(Figure 2).

Reference HRQOL values by age and sex

Overall, men reported better EORTC QLQ-C30 scores
than women across all domains. Differences between
younger and older group categories (i.e. 18–44 versus
�65 years) exceeding 10 points were observed in men
for PF, RF, QL, FA, DY, SL, and AP, and in women for
PF, RF, SF, PA, DY, SL, and CO. For most domains of
the QLQ-C30, scores deteriorated with increasing age.
Full results are reported in Table 4.

Men showed better scores than women across all
domains of the QLQ-CML24. The two largest differen-
ces between older and younger patients (i.e. 18–44
versus �65 years) in men and women were found for
DL (9.4 points) and SS (9.6 points) and for BI (9.3
points) and SS (10.5 points), respectively. The majority
of domains of the QLQ-CML24 deteriorated with
increasing age. Details are reported in Table 5.

Discussion

We present the results of an international validation
study of the EORTC QLQ-CML24 questionnaire, which

Table 3. Differences in the EORTC QLQ-CML24 scales by presence of comorbidities, ECOG performance status, and TKI treatment.
Comorbidity ECOG performance status TKI treatment

No
N¼ 274

Yes (�1)
N¼ 354

0
N¼ 447

�1
N¼ 182

1st generation
N¼ 453

�2nd generation
N¼ 322

Scale Mean SD Mean SD p value Mean SD Mean SD p value Mean SD Mean SD p value

SB 18.4 14.7 23.6 16.3 <.001 18.7 14.5 27.8 17.2 <.001 23.4 16.4 18.8 13.8 <.001
WA 20.8 18.2 24.5 19.6 .007 19.5 17.0 31.0 21.3 <.001 22.5 19.5 20.3 17.3 .225
DL 18.7 20.1 26.2 23.0 <.001 17.8 17.6 35.2 26.6 <.001 23.6 22.1 19.2 20.0 .002
BI 16.1 26.9 19.5 27.3 .028 13.9 23.0 28.1 33.3 <.001 19.2 27.0 18.2 27.6 .467
SA 80.9 21.8 80.4 22.5 .720 80.5 22.8 80.8 20.6 .521 80.0 22.8 78.9 25.3 .886
SS 71.1 26.2 64.0 27.5 <.001 68.3 27.1 64.1 26.9 .020 65.3 27.7 69.9 28.3 .012

SD: standard deviation; SB: symptom burden; WA: impact on worry/mood; DL: impact on daily life; BI: body image problems; SA: satisfaction with care
and information; SS: satisfaction with social life.
For N¼ 145, Dutch patients data about comorbidity, ECOG performance status, and Sokal risk score were not available.
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is meant to be used in conjunction with the EORTC
QLQ-C30, to assess HRQOL in patients with CML.

Considering also previous initial validation steps
[18], the development of this questionnaire was based
on more than 1400 unique patients, mainly from
Europe, enrolled across 73 centers. Current findings
build on previous phases, which were mainly focused
on items generation and questionnaire scale structure

definition [18], and corroborate the robustness of its
psychometric properties.

Factor analysis confirmed the hypothesized struc-
ture and fit indices were high. Overall, its scales’ reli-
ability, validity, and sensitivity to change were good
and there were also very few missing values, indicat-
ing high acceptance from the patients’ perspective.
Readability and use of plain-language in PRO

Figure 1. Responsiveness to change of EORTC QLQ-CML24 scales by clinically meaningful deterioration in the EORTC QLQ-C30 glo-
bal health status/quality of life scale. SB: symptom burden; WA: impact on worry/mood; DL: impact on daily life; BI: body image
problems; SA: satisfaction with care and information; SS: satisfaction with social life; HRQOL: health related quality of life. �p<.05.
Twenty-six out of 120 patients reached a clinically meaningful deterioration in the EORTC QLQ-C30 global health status/quality of
life scale.

Figure 2. Responsiveness to change of EORTC QLQ-CML24 scales by clinically meaningful improvement in the EORTC QLQ-C30
global health status/quality of life scale. SB: symptom burden; WA: impact on worry/mood; DL: impact on daily life; BI: body
image problems; SA: satisfaction with care and information; SS: satisfaction with social life; HRQOL: health related quality of life.�p<.05. Forty-four out of 120 patients reached a clinically meaningful improvement in the EORTC QLQ-C30 global health status/
quality of life scale.
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questionnaires in oncology is important to enhance
their value and impact on real-ward practice [39] and,
in this regard, we observe that our validation sample
mainly consisted of lower educated patients (i.e. more
than 70% had up to a high-school degree).

While a large body of knowledge is available on
safety and clinical efficacy of current CML therapies,
little is known on patients’ HRQOL [13], and this may
partly be related to the lack of available disease-spe-
cific PRO measures.

The EORTC QLQ-C30, either used alone or in conjunc-
tion with the EORTC QLQ-CML24, have been used in a
number of studies [15,31,40,41] and the establishment
of CML specific reference values stemming from our
analysis, will help interpretation of findings in future
research using these questionnaires. Interpretation of
HRQOL results is often challenging and the availability of
age and sex-specific benchmark data are important to
better contextualize findings from clinical studies. We

observed that male patients reported better outcomes
than female patients across all scales of both EORTC
questionnaires and this finding is in line with previous
evidence using other PRO measures, which indicated
better HRQOL profiles in male CML patients compared
to women [22,42]. These data are in keeping with a
recent large HRQOL study on the general population,
which indicated that men tended to report better out-
comes compared to women, in various health domains
of the EORTC QLQ-C30 questionnaire [29].

With regard to CML disease specific aspects, we
found large differences in satisfaction with social life
favoring younger (18–44 years) versus older patients
(�65 years), and this finding was consistent both in
men and women. Conversely, differences in age
groups with regard to impact on daily life were only
evident in men with negligible differences among age
group categories in women, and this finding begs for
more research in future studies.

Table 4. EORTC QLQ-C30 reference values by age and sex.
Men Women

All
N¼ 425

18–44 years
N¼ 91

45–64 years
N¼ 154

�65 years
N¼ 180

All
N¼ 352

18–44 years
N¼ 40

45–64 years
N¼ 156

�65 years
N¼ 156

Scales M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

(A) Functional scales and global QoL
Physical functioning (PF) 83.6 (19.9) 93.9 (9.8) 87.8 (16.1) 74.8 (22.8) 79.1 (20.0) 89.3 (14.1) 82.5 (17.9) 73.1 (21.5)
Role functioning (RF) 83.3 (25.5) 92.7 (13.2) 83.6 (24.0) 78.3 (29.8) 77.7 (26.5) 86.3 (19.9) 79.5 (25.1) 73.6 (28.8)
Emotional functioning (EF) 84.6 (20.9) 87.6 (17.5) 85.0 (20.8) 82.7 (22.4) 79.5 (22.5) 84.2 (20.2) 80.4 (23.5) 77.5 (22.1)
Cognitive functioning (CF) 83.8 (18.8) 84.3 (17.1) 84.8 (18.7) 82.7 (19.7) 79.5 (21.1) 83.1 (17.0) 79.2 (22.1) 78.9 (21.1)
Social functioning (SF) 88.3 (19.2) 93.4 (10.8) 88.0 (19.3) 86 (21.8) 83.7 (22.7) 92.1 (13.6) 83.4 (21.4) 81.7 (25.4)
Global QoL (QoL) 72.1 (20.3) 78.6 (17.1) 73.4 (19.0) 67.7 (21.8) 67.9 (21.0) 74.2 (16.8) 68.8 (21.1) 65.3 (21.6)

(B) Symptom scales
Fatigue (FA) 28.0 (24.4) 22.0 (18.5) 26.0 (23.5) 32.9 (26.9) 35.2 (24.4) 31.7 (24.3) 33.5 (22.4) 37.9 (26.3)
Nausea/vomiting (NV) 6.2 (13.0) 6.2 (11.3) 4.4 (10.1) 7.7 (15.7) 9.4 (18.5) 9.2 (13.6) 7.1 (13.3) 11.8 (23.3)
Pain (PA) 16.0 (21.9) 10.6 (17.0) 16.6 (22.6) 18.3 (23.1) 19.7 (25.1) 9.6 (13.0) 16.4 (23.9) 25.6 (27.2)
Dyspnea (DY) 17.0 (24.6) 11.7 (19.5) 14.2 (21.2) 22.2 (28.5) 22.3 (26.5) 14.2 (19.8) 18.4 (24.0 28.3 (29.1)
Sleep disturbances (SL) 19.2 (27.7) 12.8 (23.7) 17.1 (24.8) 24.2 (31.0) 25.7 (29.0) 15.8 (23.9) 23.9 (27.8) 30.1 (30.7)
Appetite loss (AP) 10.2 (22.9) 5.5 (16.7) 6.3 (18.6) 16 (27.5) 12.3 (24.5) 7.5 (19.2) 8.8 (20.1) 17.1 (28.7)
Constipation (CO) 9.9 (19.3) 5.9 (13.7) 7.8 (18.2) 13.6 (22.0) 14.3 (23.7) 7.5 (16.0) 12.1 (24.4) 18.3 (24.3)
Diarrhea (DI) 12.0 (22.4) 8.4 (17.6) 12.6 (22.9) 13.2 (24.1) 13.0 (22.3) 13.3 (22.4) 12.4 (21.3) 13.4 (23.3)
Financial problems (FI) 9.8 (22.6) 15.4 (28.2) 10.7 (23.5) 6.3 (17.5) 10.2 (21.4) 8.3 (18.1) 10.1 (22.3) 10.8 (21.5)

M: mean; SD: standard deviation; QoL: quality of life.
A higher score in functional scales and global QoL reflects better outcomes, while a higher score on symptom scales reflect higher symptom severity.

Table 5. EORTC QLQ-CML24 reference values by age and sex.
Men Women

All
N¼ 425

18–44 years
N¼ 91

45–64 years
N¼ 154

�65 years
N¼ 180

All
N¼ 352

18–44 years
N¼ 40

45–64 years
N¼ 156

�65 years
N¼ 156

Scales M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)

Symptom burden (SB) 19.6 (15.0) 15.0 (12.8) 19.0 (15.8) 22.6 (14.8) 23.8 (15.8) 18.0 (11.1) 23.3 (15.0) 25.9 (17.3)
Impact on worry/mood (WA) 19.8 (17.5) 18.8 (15.2) 18.9 (17.4) 21.0 (18.6) 23.7 (19.8) 22.3 (17.1) 22.9 (19.3) 25.0 (21.0)
Impact on daily life (DL) 20.3 (20.7) 15.5 (16.6) 17.9 (19.1) 24.9 (22.9) 23.5 (22.1) 23.1 (17.7) 22.2 (21.0) 24.9 (24.1)
Body image problems (BI) 16.3 (25.4) 12.7 (24.4) 13.7 (23.1) 20.3 (27.3) 21.8 (29.1) 15.8 (22.6) 20.1 (29.1) 25.1 (30.2)
Satisfaction with care and

information (SA)
80.8 (22.6) 79.2 (22.4) 85.2 (19.1) 77.9 (24.8) 77.9 (25.3) 79.6 (22.5) 79.9 (25.7) 75.4 (25.4)

Satisfaction with social life (SS) 69.4 (27.1) 73.5 (24.3) 73.4 (25.2) 63.9 (29.0) 64.6 (29.0) 72.5 (26.0) 65.1 (29.2) 62.0 (29.3)

M: mean; SD: standard deviation.
A higher score in SB, WA, DL, and BI scales reflects a larger impairment in the corresponding domain, while a higher score on the SA and SS scales
reflects a higher level of satisfaction.
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Implementation of the EORTC QLQ-CML24 ques-
tionnaire is envisaged both in clinical research and
routine practice settings. In the former case, for
example, it can provide unique PRO information to
better balance clinical efficacy and (physician-reported)
toxicity data. However, it should be observed that
selection of the most appropriate PRO measure in clin-
ical research, always depends on the specific research
question and other aspects related to the logistic of
the study. For example, as in some studies including
CML patients, investigators may only be interested in
examining symptom burden, rather than more general
aspects regarding the impact of the disease and ther-
apy on patients’ life, the use of multidomain HRQOL
questionnaires might not be the preferred option.

In the latter case (i.e. routine practice settings), the
systematic use of the QLQ-CML24 might improve a
timely recognition of key symptoms or other health
concerns, which might otherwise get unrecognized by
physicians [43] with several negative implications for
disease management. Considering the chronic nature
of current oral TKI therapies, which are typically
administered on a daily basis, prompt recognition, and
appropriate management of even low-grade side
effects, becomes critical to facilitate optimal medica-
tion-taking behavior and in turn maximize response to
therapy [16,17]. There is convincing evidence on the
clinical value of using PRO measures in clinical practice
of patients with solid tumors, for example, improving
patient–clinician communication or symptom manage-
ment [44], therefore, laying the groundwork for future
implementation of PRO measures in CML routine care.
Recent initiatives, well illustrate the importance of
using PRO data in real-life in order to improve patient-
centered care for CML patients [45].

Our study has limitations. Although we expected to
find an HRQOL improvement at the obtainment of
CCyR, this was not the case. One possible reason is
that current HRQOL improvements with modern tar-
geted therapies, already occur in the early phase of
treatment (i.e. even before reaching a CCyR) [46],
therefore, making it difficult to demonstrate further
HRQOL improvements after a clinical response.
However, analysis of clinically meaningful deteriora-
tions and improvements over time in global health
status, revealed changes in QLQ-CML24 scales in the
expected directions, therefore supporting its sensitiv-
ity. Also, despite we included several countries, the
majority of patients were from Italy and the
Netherlands and, therefore, a larger representation of
patients from other countries in future works is
needed to strengthen its use in international studies.

This analysis also has key strengths. First, patients
were enrolled across more than 50 centers, therefore,
lending further credit to generalizability of findings to
the larger CML population seen in daily practice. Also,
the large sample size allowed to generate disease spe-
cific reference values, that will help to better context-
ualize HRQOL results of future CML studies an
interpretation of scores in individual patients.

In conclusion, as HRQOL has become a critical issue
in the current CML arena, disease specific PRO meas-
ures, such as the EORTC QLQ-CML24, could contribute
to generate unique data to improve healthcare deliv-
ery in CML patients.
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