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Abstract

Purpose Tyrosine kinase inhibitors (TKIs) have dramatically improved the prognosis of chronic myeloid leukemia (CML).
We aimed to assess health state utility and quality of life (QoL) in French patients with CML in real-life setting, to study the
determinants of utility score and to compare health-related QoL values to general population norms.

Methods We conducted a cross-sectional study in 412 patients with CML. Data were collected by electronic survey. Three
patient-reported outcomes questionnaires were used: EORTC QLQ-C30, EORTC QLQ-CML24 and EuroQol EQ-5D-3L.
Health state utility values were computed using the French value set. We computed deviations from reference norms from
the general population. We studied the determinants of health utility score using multiple regression models.

Results The mean utility score (SD) was 0.72 (0.25) in the chronic phase and 0.84 (0.21) in treatment-free remission, with
marked variations by gender. Patients with CML had a deviation from the reference norm of —0.15 on average (SD: 0.25).
In terms of QoL, social functioning, role functioning and cognitive functioning were notably impacted with a mean differ-
ence of —16.0, —13.1 and —11.7 respectively. Fatigue, dyspnea and pain were the symptoms with the highest deviation from
general population norms (mean difference of 20.6, 14.0 and 8.3 respectively). In the multiple regression analysis, fatigue
was the most important independent predictor of the utility score.

Conclusion Although TKIs prevent the disease from progressing and even allow remission without treatment, QoL in patients
with CML is notably altered. The utility scores deteriorate with CML symptoms.
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Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative
neoplasm progressing without treatment from a most often
< Foulon S asymptomatic chronic phase to an accelerated phase and

stephanie.foulon @ gustaveroussy.fr lastly to acute leukemia, i.e. the so-called blastic phase [1].
It is a rare disease with an age-adjusted annual incidence rate
around 1 per 100,000 person-years in European countries [2,
3] and a prevalence rate estimated at 16.3 per 100,000 inhabit-
ants in France [4]. In the last two decades, imatinib, the first
tyrosine kinase inhibitor (TKI), approved in CML followed
by subsequent generations of TKIs (dasatinib, nilotinib, bosu-
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in oncology, and in particular in CML patients, of the impor-
tance of measuring patient quality of life (QoL) throughout
the disease course [8]. In addition of safety and efficacy, QoL
is often amongst the endpoints of clinical studies assessing
TKIs [9-14]. When treatments have a similar efficacy, the spe-
cific adverse event profiles of each molecule and their impact
on patients’ quality of life may guide the choice of the TKI.
Nonetheless, only a few studies have investigated QoL in CML
patients and studied how CML affected the QoL of patients
compared to the general population [15, 16] and, specifically,
which components were affected.

Because of prolonged treatment and high treatment costs, it
is a major issue to evaluate the value-for-money of these drugs.
Patient-reported outcome (PRO) data are needed to investigate
if/how this chronic condition affects the daily life of patients
and to assess heath state utility values which will be useful
for future economic evaluations. Data on health utility scores
in patients with CML are scarce (Online Resource Table S1).
Three studies have estimated health state utility values using
the EQ-5D-3L questionnaire administered to patients with
CML enrolled in clinical trials [11, 17, 18], i.e. in experimen-
tal conditions. Szabo et al. conducted a multinational study
to estimate time trade-off preference values for seven health
states characterizing CML course (combining disease phase,
response and severe adverse events) in 353 subjects from the
general population (103 in Canada, 74 in the United States,
97 in the UK and 79 in Australia) [19]. Similarly, Guest et al.
conducted two successive studies using four different health
states in each study (untreated, hematologic response, cytoge-
netic response and molecular response in the first study [20]
and treatment-free remission, complete molecular response,
molecular response, reappearance of detectable disease in the
second study [21]) from randomly selected members of the
general population in the UK (241 and 235 subjects, respec-
tively). Unfortunately, in these studies using direct elicitation
methods, the content of health states had not been validated by
patients. In addition, since the first studies were published [17,
19], new treatments have been approved and the accelerated
and blastic phases have almost disappeared. Finally, none of
these studies investigated the demographic and clinical factors
associated with the utility score.

Our objective was to assess QoL and health utility scores
in patients with CML in a real-life setting in France, to study
the determinants of utility and to compare health-related
QoL values to general population norms.

Methods
Study design and patients

This was a prospective web-based survey directed at
patients with CML via the French patients’ association
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“LMC France”, which contacted patients with CML in 2018
through its website, social media and e-mail. Information
on the existence of this web-based survey was also given in
clinics by hematologists from the French FiILMC group to
patients in advanced phases. Patients could participate via
the web-based survey or complete an identical questionnaire
provided in a pen-and-paper version. The study question-
naire included demographics, medical data regarding CML,
current and past CML treatments and three PRO, including
both generic and specific instruments: EuroQoL EQ-5D-3L
[22], EORTC QLQ-C30 [23] and EORTC QLQ-CML-24
[24]. The number of treatment lines was approximated by
the number of different TKI received. The study protocol
was approved by the French ethics committee Comité de
Protection des Personnes Ile de France 7.

PRO and instruments
EuroQoL EQ-5D-3L

The EQ-5D-3L is a five-item, validated generic instrument
designed to describe and value the collective preferences
(utility) for various health states [22]. The EQ-5D-3L con-
sists of five questions, each representing a health dimension
(mobility, self-care, usual activities, pain/discomfort and
anxiety/depression). For each dimension, the respondent
indicates one of three levels of functioning (no problems,
moderate problems or severe problems) leading to 243 (3%)
possible health states. Some severe health states may be con-
sidered as worse than being dead and the utility score is, in
this case, negative. We used the French value set to calculate
utility scores from the EQ-5D questionnaires collected in our
patient population [25]. Patients were also asked to rate their
overall perception of health on the EQ-5D-3L visual analog
scale (EQ-VAS), which ranges from O (worst imaginable
health state) to 100 (best imaginable health state).

EORTC QLQ-C30 and EORTC QLQ-CML-24

We used the French version of the European Organiza-
tion for Research and Treatment of Cancer Quality of
Life Questionnaire-Core 30 (EORTC QLQ-C30) [23] and
EORTC Quality of Life module for patients with Chronic
Myeloid Leukemia QLQ-CML24 [24]. The QLQ-C30 is a
self-reported questionnaire whose validity and test-retest
reliability have been demonstrated in several studies. The
QLQ-C30 consists of 30 items and includes five function-
ing scales (physical, role, emotional, social and cognitive),
three symptom scales (fatigue, nausea/vomiting and pain), a
global health status/QoL scale and six single items (dyspnea,
insomnia, appetite loss, constipation, diarrhea and financial
difficulties).
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The QLQ-CML24 questionnaire is a module developed
and validated [26] to specifically assess the quality of life
in patients with CML. It includes 24 items corresponding to
two functioning scales (satisfaction with care and informa-
tion received, satisfaction with social life) and four symptom
scales/items (burden of symptoms, impact on worry/mood,
impact on daily life and body image problems). The scores
of the QLQ-C30 and QLQ-CML24 items were linearly
transformed to 0—100 scales. For functioning scales and
global health status/QoL scales, higher scores correspond
to better levels of functioning. For symptom scales, higher
scores represent greater levels of symptoms or problems.

Statistical analysis

Mean and standard deviation (SD) as well as median and
interquartile range were calculated for the utility score, EQ-
VAS score and QoL scores.

Comparison to general population norms

We used French population-based norm reference values for
the EQ-5D-3L questionnaire [27] and recently published ref-
erence values for the EORTC QLQ-C30 questionnaire [28]
to compare utility and QoL scores in patients with CML
to the general population. Deviation from reference norms
for the EQ-5D-3L index were calculated by subtracting the
mean utility score (by age group and gender) of the general
population from the utility score of patients with CML. Neg-
ative values indicate worse health than counterparts from the
general population.

A similar methodology was applied for the EORTC QLQ-
C30 questionnaire. For functioning scales, a negative value
indicates that patients with CML have worse functioning
scores than the general population. For symptom scales, a
positive value indicates that patients with CML have more
symptoms than the general population. For each scale, we
used the threshold proposed by Cocks et al. to evaluate the
clinical relevance of any deviation from general population
norms [29].

Identification of the determinants of the utility score

We evaluated demographic and clinical factors associated
with the utility score using the non-parametric Kruskal-Wal-
lis or Wilcoxon test for categorical variables and computed
Spearman correlation coefficients for quantitative variables.
Then, we used multiple regression models. In the first model,
we included demographic and clinical variables collected
in the questionnaire as potential determinants of the utility
scores. In the second model, we also added in the model the
symptom scores and the functioning scores from the QLQ-
C30 and QLQ-CML24 questionnaires to investigate whether

the utility score could capture to some extent the level of
symptoms. We did not include in the model QLQ-C30 or
QLQ-CML24 functioning scales that are already included
in the EQ-5D-3L items (e.g. physical functioning, role func-
tioning). For each dimension of the QLQ-C30 questionnaire,
the difference of scores between patients with CML and the
general population norm was graphically represented using
boxplots. Statistical analyses were performed using SAS 9.4.
All tests were two-sided with p <0.05 indicating statistical
significance.

Results
Study population

Among the 412 patients with CML who participated in the
survey from April to November 2018, 383 patients were
evaluable and data were complete for 350 patients (Online
Resource Fig. S1). The questionnaire was almost exclusively
completed online. Participants were mainly women (59.6%)
with a median age [interquartile range] of 52 years [40-62].
Participants were surveyed at a median of 3.0 years after
diagnosis. Ninety-two percent of patients were in the chronic
phase and 7.3% were in treatment-free remission Table 1.
Only 3 patients were in the accelerated phase and 1 patient
was in the blastic phase. Fifty-nine percent of patients had
received one treatment line for CML, 26.4% two treatment
lines and 14.9% three treatment lines or more. Imatinib was
the main current treatment (41.7%) followed by nilotinib
(23.6%) and dasatinib (18.4%). Nine participants (2.3%) had
undergone a bone marrow transplant.

Descriptive results and comparison with population
norms

EuroQol EQ-5D-3L

Overall, the mean utility score was 0.73 (standard deviation
SD: 0.25) ranging from —0.3 to 1.0, with a median score
of 0.80 (interquartile range: 0.64-0.89). The distributions
of both the utility and VAS scores of the study population
were negatively skewed Fig. 1a and b. Of the five EQ-5D-3L
domains, problems (“some problems” or “extreme prob-
lems”) were most frequently reported for pain/discomfort
(72%) followed by anxiety/depression (61%), usual activities
(36%), mobility (18%) and self-care (4%) Fig. 1c. Compared
with population norms, patients with CML had deviation
from the reference norm of —0.15 in average (SD: 0.25)
with respect to the general population of the same age and
sex group.
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Table 1 Patient characteristics Patient characteristics

Number (%) or
median (Ql—
Q3)

Total (n=383)

Gender

Age (years)

Age at CML diagnosis (years)
Time from diagnosis (years)
Disease phase

Number of treatment lines

Current CML treatment

Bone marrow transplant

Male 154 (40.4)
Female 227 (59.6)
Missing data 2
52.0 (40.0—62.0)
47.0 (35.0—57.0)

3.0 (2.0—6.0)

Chronic phase 351 (91.6)
Accelerated phase 3(0.8)
Blastic phase 1(0.3)
Treatment-free Remission 28 (7.3)
1 224 (58.6)
2 101 (26.4)
3 36 (9.4)
4 16 (4.2)
5 5(1.3)
Missing data 1
Imatinib 159 (41.7)
Nilotinib 90 (23.6)
Dasatinib 70 (18.4)
Bosutinib 19 (5.0)
Ponatinib 7 (1.8)
Other treatment 3(0.8)
No treatment (mainly for treatment-free 33 (8.7)

remission)
Missing data 2
No 374 (97.7)
Yes 9(2.3)

CML chronic myeloid leukemia

EORTC QLQ-C30 and CML-24

Scores for the functioning and symptoms scales of the
QLQ-C30 questionnaire and the CML-24 scales are shown
in Table 2. The dimensions of QoL that were the most
affected in patients with CML compared to the general
population of same age and sex were social functioning,
role functioning and cognitive functioning with a mean
difference of —16.0, —13.1 and —11.7, respectively Fig. 2.
Using the thresholds proposed by Cocks et al. for all the
scales, these differences were respectively considered as
being of considerable clinical relevance for social func-
tioning, moderate clinical relevance for cognitive func-
tioning and low clinical relevance for role functioning
(Online Resource Table S2). Fatigue, dyspnea and pain
were the symptoms with the highest deviation from gen-
eral population norms (mean difference of 20.6, 14.0 and
8.3, respectively). These differences were respectively
considered as being of considerable clinical relevance for
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fatigue, moderate clinical relevance for dyspnea and low
clinical relevance for pain. Diarrhea and nausea/vomit-
ing scores were higher in patients with CML than in the
general population (mean difference 15.6 and 8.4, both
corresponding to moderate clinical relevance), but this
difference was limited to patients treated with bosutinib
or imatinib. Interestingly, the perception of patients with
CML of their global health status was similar to that of the
general population (mean difference: 0.8, SD: 19.7), while
many of their functioning and symptom scores were worse
than in the general population.

Correlation of global QoL and utility

Spearman’s correlation was performed to assess the relation-
ship between utility and global health status score from the
QLQ-C30 questionnaire. There was a positive correlation
between utility and global health status (p,=0.63).
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Determinants of the utility score

The utility score varied according to the phase of the disease
(p=0.005). The mean utility score (SD) was 0.72 (0.25) in
the chronic phase, 0.84 (0.21) in treatment-free remission
and 0.77 (0.15) in advanced (accelerated/blast) phases, but
this latter phase concerned only 4 patients. The mean util-
ity score was on average 0.10 points lower for women than
for men (0.79 vs. 0.69, p <0.0001), as shown in Table 3.
It decreased with the number of treatment lines received
from 0.77 in patients having received only one line to 0.59
in patients with four or more treatment lines (p =0.014).
Within the chronic phase, mean utility scores are presented
according to the line of treatment in the Online Resource
Table S3. The mean utility score differed according to the

current treatment (p =0.003). Patients receiving no treat-
ment (likely to correspond to patients in treatment-free
remission) were those with higher utility scores of 0.82
(except for patients treated with ponatinib, but this estimate
was based on only 7 patients), while patients treated with
bosutinib had the lowest utility score (mean utility: 0.61).
Age and time from diagnosis were not associated with the
utility score Table 3.

In the multiple regression analysis, model 1 including
only the demographic and medical variables yielded simi-
lar results to the univariate analysis, although the associa-
tion between utility score and the current CML treatment
was less pronounced after adjustment for other clinical
variables such as the number of treatment lines Table 4.
However, model 1 explained only 13.9% of the variance
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Table 2 Health-related quality
of life scores: QLQ-C30 and

QLQ-CML24 scales

Scale Mean (sd) Median (Q1—Q3)
QLQ-C30 questionnaire
Global health status/QoL (n=368) 65.9 (19.9) 67 (50—83)
QLQ-C30 functioning scales
Physical functioning (n=375) 81.1(18.7) 87 (73—100)
Role functioning (n=376) 71.1 (27.2) 67 (67—100)
Emotional functioning (n=369) 66.6 (26.3) 67 (50—83)
Cognitive functioning (n=369) 73.4 (26.4) 83 (67—100)
Social functioning (n=369) 70.0 (29.4) 83 (50—100)
QLQ-C30 symptom scales
Fatigue (n=377) 50.0 (27.5) 44 (33—67)
Nausea and vomiting (n=377) 13.7 (20.1) 0(0—17)
Pain (n=377) 32.4(29.2) 33 (0—50)
Dyspnea (n=376) 30.1 (29.8) 33 (0—33)
Insomnia (n=376) 34.1 (33.4) 33 (0—67)
Appetite loss (n=376) 14.7 (23.9) 0(0—33)
Constipation (n=367) 16.7 (28.2) 0(0—33)
Diarrhea (n=369) 24.8 (31.5) 0(0—33)
Financial difficulties (n=368) 18.8 (31.3) 0(0—33)
QLQO-CML24 scales
Symptom burden (n=367) 29.7 (17.2) 28 (17—41)
Impact on worry/mood (n=363) 35.1 (23.4) 33 (17—50)
Impact on daily life (n=363) 41.5 (28.0) 33 (22—56)
Body image problems (n=362) 41.7 (35.4) 33 (0—67)
Satisfaction with care and information (n=362) 69.1 (30.4) 67 (50—100)
Satisfaction with social life (n=363) 59.9 (30.9) 67 (33—67)

QoL quality of life, CML chronic myeloid leukemia

in the utility score. In model 2, including several scales/
items of the QLQ-C30 and QLQ- CML24, fatigue was the
most important independent determinant of the utility score
(p<0.0001, Table 4). The burden of symptoms scale, which
is based on main treatment side effects, was also a signifi-
cant determinant of the utility score (p=0.003), as well as
dyspnea (p=0.030) and financial difficulties (p =0.033). Of
note, excluding the 4 patients in advanced phases and the 2
patients with unusual “other treatments” yielded the same
results (Online Resource Table S4).

The utility decrement associated with a 1-point increase
on the fatigue scale was —0.00269. Dividing the fatigue
score into quintiles ([0,23], [24-34], [35-56], [57-78],
[79-100]), the mean utility scores were 0.9, 0.8, 0.8, 0.6, 0.4,
respectively. Model 2 explained a higher proportion (50.2%)
of the variance of the utility score compared to model 1.
Surprisingly, gender, number of treatment lines and current
CML treatment were no longer associated with the util-
ity score. Those three clinical variables were significantly
associated with the fatigue score. Women reported a higher
mean fatigue score than men (56.3 versus 42.3, p <0.0001).
The mean fatigue score increased with the number of lines
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received (p-value=0.002). It varied from 39.3 in patients not
receiving treatment to 60.3 in patients receiving dasatinib
(Online Resource Table S5).

Discussion

This observational study evaluated health-related QoL and
health state utility values in a large sample of patients with
CML in France using three standardized PRO question-
naires. The mean utility score (SD) was 0.72 (0.25) in the
chronic phase (any treatment line combined) and 0.84 (0.21)
in treatment-free remission. Patients with CML had lower
global QoL and utility scores than the general population
of the same age and sex. Regarding the heath state utility
value, deviation from population norms amounted to —0.15
(SD: 0.25) on average. This difference exceeds the minimum
clinically important difference for the EQ-5D-3L reported
in a context of cancer or hemopathy [30-32], which repre-
sents the minimal amount of impact that an individual would
identify as important. Regarding QoL, social functioning,
cognitive functioning and role functioning were impacted in
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patients with CML compared to general population norms
with a mean difference of —16.0 (considerable clinical rel-
evance), —11.7 (moderate clinical relevance) and —13.1 (low
clinical relevance), respectively. Fatigue, dyspnea and pain
were the symptoms with the highest deviation from general
population norms (mean difference of 20.6, 14.0 and 8.3
corresponding to considerable, moderate and low clinical
relevance, respectively). Our study shows that although TKIs
prevent the disease from progressing to the accelerated or
blast phase and even allow remission without treatment,
quality of life of patients with CML is notably altered with
areal burden of symptoms.

The mean utility score for patients in first line chronic
phase was estimated at 0.76 in our study, which was close
to the mean utility values of 0.80 in newly diagnosed CML
patients in the SPIRIT?2 trial [18]. In our study, the mean
utility value in second line chronic phase patients (0.68) was
also consistent with the mean utility values of a hospital-
based Thai study in chronic phase CML patients refractory
to first line treatment with imatinib (mean utility values
of 0.647, 0.749 and 0.810 for patients receiving high dose
imatinib, dasatinib and nilotinib, respectively) [33]. Not
surprisingly, our estimate was notably lower than estimates

derived from studies that used direct elicitation techniques in
respondents from the general population (Online Resource
Table S1) [19-21]. Indeed, Arnold et al. [34] showed in a
systematic review of studies providing both direct (time
trade off, standard gamble) and indirect (EQ5D) utility esti-
mates that direct methods resulted in higher health ratings
than indirect methods.

One criticism made to the EQ-5D-3L questionnaire is
its lack of sensitivity to changes in health [35]. One of our
objectives was to study whether the utility score could cap-
ture meaningful symptoms of the disease or the treatments in
CML patients. Our study showed that the utility score varied
depending on symptoms such as fatigue, dyspnea and the
global symptom score from the QLQ-CML?24. Their effects
on the utility score outweighed the effect of gender, current
treatment and the number of lines of treatments received
which ceased to be statistically significant after adjustment
on symptoms. Gender and the number of lines of treatments
were both correlated with fatigue. However, the cross-sec-
tional design of our study does not allow for disentangling
the causal effect of each one of these variables.

Regarding the comparison of quality of life between CML
patients and the general population, our results are consistent
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Table 3 EQ-5D-3L health

. . Variable Mean utility score (SD) P-value
utility scores by demographic
and disease characteristics Gender <0.00018

Male (n=154) 0.79 (0.22)
Female (n=227) 0.69 (0.25)

Age (years) ps=0.04 0.49
<40 (n=100) 0.71 (0.27) 0.74*
140-52] (n=99) 0.74 (0.24)
152-62] (n=89) 0.76 (0.19)
>62 (n=93) 0.73 (0.28)

Time from diagnosis (years) py=—0.008 0.87
<2 (n=140) 0.74 (0.22) 0.97*
12-4] (n=96) 0.75 (0.20)
14-6] (n=57) 0.73 (0.26)
>6 (n=286) 0.69 (0.31)

Number of treatments lines 0.014*
1 (n=224) 0.77 (0.21)
2 (n=101) 0.69 (0.28)
3 (n=36) 0.70 (0.23)
>4 (n=21) 0.59 (0.36)

Current CML treatment Imatinib (n=159) 0.74 (0.23) 0.003%
Nilotinib (n=90) 0.74 (0.23)
Dasatinib (n=70) 0.69 (0.26)
Bosutinib (n=19) 0.61 (0.32)
Ponatinib (n=7) 0.88 (0.08)
Other treatment (n=3) 0.64 (0.27)
No treatment (treatment-free 0.82 (0.24)

remission) (n=233)

Bone marrow transplant 0.398
No (n=374) 0.73 (0.25)
Yes (n=9) 0.80 (0.18)

CML chronic myeloid leukemia, SD standard deviation, p, Spearman correlation coefficient

SWilcoxon test
#Kruskal Wallis test

with previous studies that have used other instruments [15,
16]. In a study of 448 Italian patients having received long-
term imatinib, Efficace et al. found that QoL as measured
by the Short Form Health Survey (SF-36) was significantly
worse relative to adjusted population norms for the physical
components, but less markedly for mental health dimensions
[15]. Clinically meaningful differences were observed for the
“Role limitation because physical problems” scale (—11.5;
95% confidence interval [CI], —16.8 to —6.3), the “Gen-
eral health perception” scale (—8.9; 95% CI, —11.7 to —6.0)
and the “Role limitation because of emotional problems”
scale (—9.6; 95% CI, —14.9 to —4.3). Differences in QoL
between patients and population norms were particularly
pronounced among females and younger individuals (ages
18-39 years). In CML patients 60 years and older, scores
were almost identical compared to population norms in all
scales. Fatigue was the most reported symptom and severe
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fatigue was more frequently reported by women (39%)
than by men (22%), which is consistent with our results. In
another study, 62 US CML patients treated with a first or
second generation TKI reported significantly worse fatigue
severity, fatigue interference, depression, symptom burden
and physical QoL than respondents from the general popula-
tion [16]. The impairment of cognitive functioning in CML
patients that we found in our study is in line with the results
of Zulbaran-Rojas et al. [36]. In this study that enrolled 219
patients on frontline TKI trials with a second generation
TKI, one of the top five symptoms measured by the MD
Anderson Symptom Inventory questionnaire was difficulty
remembering. Of note, as in our survey, the patient popula-
tion in this study was quite young (median age 50 years).
Our study has limitations: the first limitation is that our
population was selected. Compared to a population-based
study of prevalent CML patients in France [4], the study
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Table 4 Determinants of EQ-5D-3L health utility scores: multiple regression analysis results
Variables Model 1 (n=350) Model 2 (n=350)
R?=0.139 R?=0.502
Coefficient p-value Coefficient p-value

Gender (ref =female) Male 0.11266 <0.0001 0.01021 0.64
Age (years) 0.00025 0.80 —0.00074 0.35
Time from diagnosis (years) —0.00130 0.72 —0.00147 0.62
Number of lines of treatment (ref=1) 2 —0.11480 0.0008 —0.04549 0.46

3 —0.11320 —0.01559

>4 —-0.25336 —0.04809
Current CML treatment (ref =Imatinib) Nilotinib 0.03580 0.022 —0.02204 0.15

Dasatinib 0.01794 0.01196

Bosutinib 0.04978 —0.04581

Ponatinib 0.31490 0.18308

Other treatment —0.20290 —0.09635

No treatment (treatment- 0.12631 0.03973

free remission)

Bone marrow transplant for CML (ref = No) Yes 0.02617 0.79 —0.04639 0.55
Cognitive functioning 0.00041 0.39
Fatigue —0.00269 <0.0001
Nausea and vomiting —0.00048 0.42
Dyspnea —0.00093 0.030
Insomnia —0.00015 0.67
Appetite loss 0.00008 0.87
Constipation —0.00067 0.11
Diarrhea —0.00015 0.71
Financial difficulties —0.00077 0.033
Symptom burden —0.00256 0.003
Body image problems 0.00014 0.72
Satisfaction with care and information 0.00019 0.63
Satisfaction with social life 0.00070 0.084

population is younger (median age: 52 versus 63 years) with
a female preponderance (59.6% versus 45%). CML patients
were mainly informed of the existence of the web-based
survey thanks to the French patients’ association “LMC
France”. As respondents had to have access to the inter-
net and be motivated to answer to the survey, they may not
be fully representative of the whole population of French
CML patients. However, our utility estimates in the chronic
phase were consistent with estimates from previous recent
clinical trial or hospital-based studies conducted in other
countries. [18, 33] Secondly, due to the cross-sectional
nature of the study, the study population combines patients
with different disease settings. Most of the patients (58.6%)
had received only one line of treatment, but some patients
had received up to five different treatments and some were
in treatment-free remission. However, this design allowed
us to study potential determinants of utility among clini-
cal and treatment-related factors. Because there were only
four patients in advanced phases, we cannot report precise

value for those health states. This illustrates the fact that
advanced phases are now quite rare, even for CML expert
hematologists. Finally, no data regarding response to treat-
ment, or detailed chronology of treatments administration
were collected, precluding the estimation of QoL or utility
values according to treatment response. This is because the
questionnaire was meant to be completed by patients and not
by physicians. Questions were intentionally simple and easy
to complete to obtain reliable data.

Our work has also several strengths. Firstly, the sample
size is significant given the rarity of the disease. The study
provides recent QoL and utility data for different TKIs
obtained in a real-life setting in contrast to available results
obtained from clinical trials [11, 17, 18]. Secondly, we used
several standardized questionnaires to gain more insight
into the QoL of CML patients, from a generic questionnaire
(EuroQol EQ-5D-3L) to a specific questionnaire (EORTC
QLQ-C30) and an ultra-specific questionnaire (EORTC
QLQ-CML-24). The comparison to population norms for
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the EuroQol EQ-5D-3L and EORTC QLQ-C30 allowed us
to quantify how much the QoL of CML patients was altered
compared to the general population of the same age and sex
and to identify the most affected functions and symptoms.

Conclusions

Our study provides utility values for future economic evalu-
ations of treatments in patients with CML. Contrary to other
studies that presented utility scores according to the cytoge-
netic or molecular response [19-21], we provided utility
score according to the number of treatment lines received
and showed that it decreased with the number of treatment
lines. The availability of utility scores according to the num-
ber of lines may be useful for researchers using heath care
claims databases as data source for cost-utility modeling.
These databases, such as the US Medicare/Medicaid data-
bases, the French National Health Data System (SNDS) and
the Taiwan’s National Health Insurance Research Database
provide detailed data regarding health care costs, treatments
received by the patients and their vital status. However, bio-
logical results such as cytogenetic or molecular response
are usually not available in such databases and their use for
cost-utility modeling in CML is limited. Our study results
may help researchers to develop cost-utility models using
those data.

We also showed that, although TKIs prevent the disease
from progressing and even allow remission without treat-
ment, QoL in patients with CML is notably altered. The util-
ity scores deteriorate with CML symptoms and particularly
with fatigue.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11136-021-02794-5.

Acknowledgements The authors would like to thank French patients’
association “LMC France”, the investigators and clinical research asso-
ciates of the FILMC group for relaying the survey to their patients
(Laurence Legros, Frangoise Huguet, Carole Colin Gil, Philippe Rous-
selot, Franck Nicolini, Lydia Roy, Sandra Malak, Frangois Xavier Gros,
Marc Berger, Alix Courouau, Gian-Matteo Pica, Eric Jourdan, Aude
Charbonnier, Frangois-Xavier Mahon, Hyacinthe Johnson-Ansah).

Funding This study was funded by the French National Agency for
Research (ANR-10-IBHU-0001) and the French Institute for Public
Health Research (IRESP).

Data availability External researchers can make written requests for
sharing of data to the corresponding author (stephanie.foulon@gus-
taveroussy.fr). Requests will be assessed on a case-by-case basis by the
sponsor of the study (Gustave Roussy). A brief analysis plan and data
request will be required and reviewed by the sponsor for approval of
data sharing. All data sharing will abide by rules and policies defined
by the sponsor, French laws and regulations.

@ Springer

Code availability Not applicable.

Compliance with ethical standards

Conflict of interest The authors have no conflicts of interest/competing
interests to declare.

Ethical approval The study protocol was approved by the French ethics
committee Comité de Protection des Personnes Ile de France 7.

Consent to participate All patients were informed of the research pur-
pose of the study and consented to participate.

Consent for publication Not applicable. Only aggregated data are pro-
vided in the article.

References

1. Apperley, J. F. (2015). Chronic myeloid leukaemia. Lancet (Lon-
don, England), 385(9976), 1447-1459. https://doi.org/10.1016/
S0140-6736(13)62120-0.

2. Le Guyader-Peyrou, S., Belot, A., Maynadié, M., Binder-Foucard,
F., Remontet, L., Troussard, X., et al. (2016). Cancer incidence in
France over the 1980-2012 period: Hematological malignancies.
Revue D’epidemiologie Et De Sante Publique, 64(2), 103—112.
https://doi.org/10.1016/j.respe.2015.12.017.

3. Hoglund, M., Sandin, F., & Simonsson, B. (2015). Epidemiol-
ogy of chronic myeloid leukaemia: An update. Annals of Hema-
tology, 94(Suppl 2), S241-247. https://doi.org/10.1007/s0027
7-015-2314-2.

4. Foulon, S., Cony-Makhoul, P., Guerci-Bresler, A., Delord, M.,
Solary, E., Monnereau, A., et al. (2019). Using healthcare claims
data to analyze the prevalence of BCR-ABL-positive chronic
myeloid leukemia in France: A nationwide population-based
study. Cancer Medicine, 8(6), 3296-3304. https://doi.org/10.1002/
cam4.2200.

5. Bower, H., Bjorkholm, M., Dickman, P. W., Hoglund, M., Lam-
bert, P. C., & Andersson, T.M.-L. (2016). Life expectancy of
patients with chronic myeloid leukemia approaches the life expec-
tancy of the general population. Journal of Clinical Oncology:
Official Journal of the American Society of Clinical Oncology,
34(24), 2851-2857. https://doi.org/10.1200/JCO.2015.66.2866.

6. Mahon, F.-X. (2017). Treatment-free remission in CML: Who,
how, and why? Hematology American Society of Hematology.
Education Program, 2017(1), 102—109. https://doi.org/10.1182/
asheducation-2017.1.102.

7. Rea, D., Ame, S., Berger, M., Cayuela, J.-M., Charbonnier, A.,
Coiteux, V., et al. (2018). Discontinuation of tyrosine kinase
inhibitors in chronic myeloid leukemia: Recommendations
for clinical practice from the French Chronic Myeloid Leuke-
mia Study Group. Cancer, 124(14), 2956-2963. https://doi.
org/10.1002/cncr.31411.

8. Efficace, F., & Cannella, L. (2016). The value of quality of
life assessment in chronic myeloid leukemia patients receiv-
ing tyrosine kinase inhibitors. Hematology American Society of
Hematology Education Program, 2016(1), 170-179. https://doi.
org/10.1182/asheducation-2016.1.170.

9. Hahn, E. A., Glendenning, G. A., Sorensen, M. V., Hudgens,
S. A., Druker, B. J., Guilhot, F., et al. (2003). Quality of life in
patients with newly diagnosed chronic phase chronic myeloid leu-
kemia on imatinib versus interferon alfa plus low-dose cytarabine:


https://doi.org/10.1007/s11136-021-02794-5
https://doi.org/10.1016/S0140-6736(13)62120-0
https://doi.org/10.1016/S0140-6736(13)62120-0
https://doi.org/10.1016/j.respe.2015.12.017
https://doi.org/10.1007/s00277-015-2314-2
https://doi.org/10.1007/s00277-015-2314-2
https://doi.org/10.1002/cam4.2200
https://doi.org/10.1002/cam4.2200
https://doi.org/10.1200/JCO.2015.66.2866
https://doi.org/10.1182/asheducation-2017.1.102
https://doi.org/10.1182/asheducation-2017.1.102
https://doi.org/10.1002/cncr.31411
https://doi.org/10.1002/cncr.31411
https://doi.org/10.1182/asheducation-2016.1.170
https://doi.org/10.1182/asheducation-2016.1.170

Quality of Life Research (2021) 30:2021-2032

2031

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Results from the IRIS Study. Journal of Clinical Oncology: Offi-
cial Journal of the American Society of Clinical Oncology, 21(11),
2138-2146. https://doi.org/10.1200/JC0O.2003.12.154.

Trask, P. C., Cella, D., Besson, N., Kelly, V., Masszi, T., & Kim,
D.-W. (2012). Health-related quality of life of bosutinib (SKI-606)
in imatinib-resistant or imatinib-intolerant chronic phase chronic
myeloid leukemia. Leukemia Research, 36(4), 438—442. https://
doi.org/10.1016/j.leukres.2011.10.011.

Whiteley, J., Reisman, A., Shapiro, M., Cortes, J., & Cella, D.
(2016). Health-related quality of life during bosutinib (SKI-606)
therapy in patients with advanced chronic myeloid leukemia after
imatinib failure. Current Medical Research and Opinion, 32(8),
1325-1334. https://doi.org/10.1185/03007995.2016.1174108.
Park, J. S., Lee, S.-E., Jeong, S. H., Jang, E.-J., Choi, M.-Y.,
Kim, H.-J., et al. (2016). Change of health-related profiles after
Imatinib cessation in chronic phase chronic myeloid leukemia
patients. Leukemia & Lymphoma, 57(2), 341-347. https://doi.
0rg/10.3109/10428194.2015.1049166.

Efficace, F., Castagnetti, F., Martino, B., Breccia, M., D’Adda,
M., Angelucci, E., et al. (2018). Health-related quality of life
in patients with chronic myeloid leukemia receiving first-line
therapy with nilotinib. Cancer, 124(10), 2228-2237. https://doi.
org/10.1002/cner.31323.

Efficace, F., Stagno, F., lurlo, A., Breccia, M., Cottone, F., Boni-
facio, M., et al. (2020). Health-related quality of life of newly
diagnosed chronic myeloid leukemia patients treated with first-
line dasatinib versus imatinib therapy. Leukemia, 34(2), 488—498.
https://doi.org/10.1038/s41375-019-0563-0.

Efficace, F., Baccarani, M., Breccia, M., Alimena, G., Rosti, G.,
Cottone, F., et al. (2011). Health-related quality of life in chronic
myeloid leukemia patients receiving long-term therapy with
imatinib compared with the general population. Blood, 118(17),
4554-4560. https://doi.org/10.1182/blood-2011-04-347575.
Phillips, K. M., Pinilla-Ibarz, J., Sotomayor, E., Lee, M. R., Jim,
H. S. L., Small, B. J., et al. (2013). Quality of life outcomes in
patients with chronic myeloid leukemia treated with tyrosine
kinase inhibitors: A controlled comparison. Supportive Care
in Cancer: Official Journal of the Multinational Association
of Supportive Care in Cancer, 21(4), 1097-1103. https://doi.
org/10.1007/s00520-012-1630-5.

Reed, S. D., Anstrom, K. J., Ludmer, J. A., Glendenning, G. A.,
& Schulman, K. A. (2004). Cost-effectiveness of imatinib versus
interferon-alpha plus low-dose cytarabine for patients with newly
diagnosed chronic-phase chronic myeloid leukemia. Cancer,
101(11), 2574-2583. https://doi.org/10.1002/cncr.20694.
Labeit, A. M., Copland, M., Cork, L. M., Hedgley, C., Foroni, L.,
Osborne, W. L., et al. (2015). Assessment of quality of life in the
NCRI spirit 2 study comparing imatinib with dasatinib in patients
with newly-diagnosed chronic phase chronic myeloid leukaemia.
Blood, 126(23), 4024.

Szabo, S. M., Levy, A. R., Davis, C., Holyoake, T. L., & Cortes,
J. (2010). A multinational study of health state preference values
associated with chronic myelogenous leukemia. Value in Health:
The Journal of the International Society for Pharmacoeconomics
and Outcomes Research, 13(1), 103-111. https://doi.org/10.111
1/§.1524-4733.2009.00573.x.

Guest, J. F., Naik, N., Sladkevicius, E., Coombs, J., & Gray,
E. J. (2012). Utility values for chronic myelogenous leukemia
chronic phase health states from the general public in the United
Kingdom. Leukemia & Lymphoma, 53(5), 928-933. https://doi.
0rg/10.3109/10428194.2011.631155.

Guest, J. F., Gray, E. J., Szczudlo, T., & Magestro, M. (2014).
Utility values for specific chronic myeloid leukemia chronic
phase health states from the general public in the United King-
dom. Leukemia & Lymphoma, 55(8), 1870-1875. https://doi.
org/10.3109/10428194.2013.854886.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

EuroQol Group. (1990). EuroQol-a new facility for the measure-
ment of health-related quality of life. Health Policy (Amsterdam,
Netherlands), 16(3), 199-208.

Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M.,
Cull, A., Duez, N. J., et al. (1993). The European organization
for research and treatment of cancer QLQ-C30: A quality-of-life
instrument for use in international clinical trials in oncology.
Journal of the National Cancer Institute, 85(5), 365-376.
Efficace, F., Baccarani, M., Breccia, M., Saussele, S., Abel, G.,
Caocci, G, et al. (2014). International development of an EORTC
questionnaire for assessing health-related quality of life in chronic
myeloid leukemia patients: The EORTC QLQ-CML24. Quality of
Life Research: An International Journal of Quality of Life Aspects
of Treatment, Care and Rehabilitation, 23(3), 825-836. https://
doi.org/10.1007/s11136-013-0523-5.

Chevalier, J., & de Pouvourville, G. (2013). Valuing EQ-5D
using time trade-off in France. The European Journal of Health
Economics: HEPAC: Health Economics in Prevention and Care,
14(1), 57-66. https://doi.org/10.1007/s10198-011-0351-x.
Efficace, F., Iurlo, A., Patriarca, A., Stagno, F., Bee, P.-C., Ector,
G., et al. (2020). Validation and reference values of the EORTC
QLQ-CML24 questionnaire to assess health-related quality of
life in patients with chronic myeloid leukemia. Leukemia & Lym-
phoma. https://doi.org/10.1080/10428194.2020.1838509.
Szende, A., Janssen, B., & Cabases, J. (2014). Self-reported pop-
ulation health: An international perspective based on EQ-5D.
Netherlands: Springer.

Liegl, G., Petersen, M. A., Groenvold, M., Aaronson, N. K., Cos-
tantini, A., Fayers, P. M, et al. (2019). Establishing the Euro-
pean Norm for the health-related quality of life domains of the
computer-adaptive test EORTC CAT Core. European Journal
of Cancer (Oxford, England: 1990), 107, 133-141. https://doi.
org/10.1016/j.ejca.2018.11.023.

Cocks, K., King, M. T., Velikova, G., Martyn St-James, M., Fay-
ers, P. M., & Brown, J. M. (2011). Evidence-based guidelines for
determination of sample size and interpretation of the European
Organisation for the Research and Treatment of Cancer Quality
of Life Questionnaire Core 30. Journal of Clinical Oncology:
Official Journal of the American Society of Clinical Oncology,
29(1), 89-96. https://doi.org/10.1200/1C0O.2010.28.0107.
Coretti, S., Ruggeri, M., & McNamee, P. (2014). The minimum
clinically important difference for EQ-5D index: A critical review.
Expert Review of Pharmacoeconomics & Outcomes Research,
14(2), 221-233. https://doi.org/10.1586/14737167.2014.894462.
Pickard, A. S., Neary, M. P., & Cella, D. (2007). Estimation of
minimally important differences in EQ-5D utility and VAS scores
in cancer. Health and Quality of Life Outcomes, 5, 70. https://doi.
org/10.1186/1477-7525-5-70.

Kvam, A. K., Fayers, P. M., & Wisloff, F. (2011). Responsive-
ness and minimal important score differences in quality-of-life
questionnaires: A comparison of the EORTC QLQ-C30 can-
cer-specific questionnaire to the generic utility questionnaires
EQ-5D and 15D in patients with multiple myeloma. European
Journal of Haematology, 87(4), 330-337. https://doi.org/10.111
1/j.1600-0609.2011.01665 .x.

Kulpeng, W., Sompitak, S., Jootar, S., Chansung, K., & Teerawat-
tananon, Y. (2014). Cost-utility analysis of dasatinib and nilotinib
in patients with chronic myeloid leukemia refractory to first-line
treatment with imatinib in Thailand. Clinical Therapeutics, 36(4),
534-543. https://doi.org/10.1016/j.clinthera.2014.02.008.
Arnold, D., Girling, A., Stevens, A., & Lilford, R. (2009). Com-
parison of direct and indirect methods of estimating health
state utilities for resource allocation: Review and empirical
analysis. BMJ (Clinical Research Esd.), 339, b2688. https://doi.
org/10.1136/bm;j.b2688.

@ Springer


https://doi.org/10.1200/JCO.2003.12.154
https://doi.org/10.1016/j.leukres.2011.10.011
https://doi.org/10.1016/j.leukres.2011.10.011
https://doi.org/10.1185/03007995.2016.1174108
https://doi.org/10.3109/10428194.2015.1049166
https://doi.org/10.3109/10428194.2015.1049166
https://doi.org/10.1002/cncr.31323
https://doi.org/10.1002/cncr.31323
https://doi.org/10.1038/s41375-019-0563-0
https://doi.org/10.1182/blood-2011-04-347575
https://doi.org/10.1007/s00520-012-1630-5
https://doi.org/10.1007/s00520-012-1630-5
https://doi.org/10.1002/cncr.20694
https://doi.org/10.1111/j.1524-4733.2009.00573.x
https://doi.org/10.1111/j.1524-4733.2009.00573.x
https://doi.org/10.3109/10428194.2011.631155
https://doi.org/10.3109/10428194.2011.631155
https://doi.org/10.3109/10428194.2013.854886
https://doi.org/10.3109/10428194.2013.854886
https://doi.org/10.1007/s11136-013-0523-5
https://doi.org/10.1007/s11136-013-0523-5
https://doi.org/10.1007/s10198-011-0351-x
https://doi.org/10.1080/10428194.2020.1838509
https://doi.org/10.1016/j.ejca.2018.11.023
https://doi.org/10.1016/j.ejca.2018.11.023
https://doi.org/10.1200/JCO.2010.28.0107
https://doi.org/10.1586/14737167.2014.894462
https://doi.org/10.1186/1477-7525-5-70
https://doi.org/10.1186/1477-7525-5-70
https://doi.org/10.1111/j.1600-0609.2011.01665.x
https://doi.org/10.1111/j.1600-0609.2011.01665.x
https://doi.org/10.1016/j.clinthera.2014.02.008
https://doi.org/10.1136/bmj.b2688
https://doi.org/10.1136/bmj.b2688

2032

Quality of Life Research (2021) 30:2021-2032

35. Devlin, N. J., & Brooks, R. (2017). EQ-5D and the EuroQol
Group: Past, Present and Future. Applied Health Economics and
Health Policy, 15(2), 127-137. https://doi.org/10.1007/s4025
8-017-0310-5.

36. Zulbaran-Rojas, A., Lin, H.-K., Shi, Q., Williams, L. A., George,
B., Garcia-Manero, G., et al. (2018). A prospective analysis of
symptom burden for patients with chronic myeloid leukemia in
chronic phase treated with frontline second- and third-generation

@ Springer

tyrosine kinase inhibitors. Cancer Medicine, 7(11), 5457-5469.
https://doi.org/10.1002/cam4.1808.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s40258-017-0310-5
https://doi.org/10.1007/s40258-017-0310-5
https://doi.org/10.1002/cam4.1808

	Health state utility and quality of life measures in patients with chronic myeloid leukemia in France
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and patients
	PRO and instruments
	EuroQoL EQ-5D-3L
	EORTC QLQ-C30 and EORTC QLQ-CML-24

	Statistical analysis
	Comparison to general population norms
	Identification of the determinants of the utility score


	Results
	Study population
	Descriptive results and comparison with population norms
	EuroQol EQ-5D-3L
	EORTC QLQ-C30 and CML-24
	Correlation of global QoL and utility

	Determinants of the utility score

	Discussion
	Conclusions
	Acknowledgements 
	References




