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The main objective of this study was to
investigate whether patients with chronic
myeloid leukemia (CML) in treatment with
long-term therapy imatinib have a differ-
ent health-related quality-of-life (HRQOL)
profile compared with the general popula-
tion. In total, 448 CML patients were en-
rolled, and the SF-36 Health Survey was
used to compare generic HRQOL profiles.
Symptoms were also assessed. HRQOL
comparisons were adjusted for key

possible confounders. The median age of
patients was 57 years and the median
time of imatinib treatment was 5 years
(range 3-9 years). The largest HRQOL
differences were found in younger pa-
tients. In particular, patients aged between
18 and 39 years had marked impairments
in role limitations because of physical
and emotional problems, respectively:
�22.6 (P < .001), �22.3 (P < .001). Pa-
tients with CML age 60 or older had a

HRQOL profile very similar to that re-
ported by the general population. Women
had a worse profile than men when each
were compared with their peers in the
general population. Fatigue was the most
frequently reported symptom. The HRQOL
of CML patients is comparable with that
of population norms in many areas, how-
ever, younger and female patients seem
to report the major limitations. (Blood.
2011;118(17):4554-4560)

Introduction

The treatment of chronic myeloid leukemia (CML) has changed
dramatically with the advent of targeted therapies.1 Results from
the landmark International Randomized Study of Interferon and
STI571 (IRIS) comparing IFN� plus low-dose cytarabine (LDAC)
with imatinib for the clinical management of CML patients led to
the adoption of the first targeted therapy (ie, imatinib) as standard
first-line treatment.2 Overall survival at 8 years is 85%; for only
CML-related deaths and those before stem cell transplantations, the
survival is 93%.3 The IRIS trial also showed that imatinib provided
major advantages in terms of health-related quality of life (HRQOL)
over IFN� � LDAC. The effect size favoring the imatinib arm was
shown to be one of the largest ever reported in the HRQOL-
randomized controlled trial–based literature.4 Although HRQOL
advantages were found in this pivotal analysis of the IRIS study, the
follow-up was up to 1 year. Another study has been recently
published documenting the HRQOL impact of imatinib but patients
were only followed up from diagnosis to 6 months.5

A recent systematic review on patient-reported outcomes (PROs) in
CML patients has shown that no full data exist on the long-term burden
of the disease and treatment-related side effects from the patients’
perspective.6 The identification of subgroups of CML patients who are
at higher risk for late consequences of treatment in some specific
HRQOL areas could guide the development of more tailored supportive
care programs. Clinicians are now confronted with new challenges in
patient management and ensuring the highest possible long-term
HRQOL outcomes are among the top priorities of the current CML
research agenda. As pointed out by Pinilla-Ibarz and colleagues, data on
the effects of imatinib on HRQOL could also contribute to further
defining the concept of intolerance in CML patients receiving long-term
chronic therapy as the traditional use of the Common Toxicity Criteria
might be limited in this context.7

The main objective of this study was to investigate to what
extent patients with CML receiving long-term therapy with ima-
tinib have a different HRQOL profile compared with a cohort of

Submitted April 8, 2011; accepted June 20, 2011. Prepublished online as Blood
First Edition paper, July 12, 2011; DOI 10.1182/blood-2011-04-347575.

An Inside Blood analysis of this article appears at the front of this issue.

The online version of this article contains a data supplement.

Presented in part at the 52nd Annual Meeting of the American Society of

Hematology, Orlando, FL, December, 4-7, 2010.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked ‘‘advertisement’’ in accordance with 18 USC section 1734.

© 2011 by The American Society of Hematology

4554 BLOOD, 27 OCTOBER 2011 � VOLUME 118, NUMBER 17

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/118/17/4554/1462950/zh804311004554.pdf by guest on 18 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/blood-2011-04-347575&domain=pdf&date_stamp=2011-10-27


matched control subjects from the general population. A secondary
objective was to describe symptom prevalence from the patients’
perspective.

Methods

Study design and study population

Between March and December 2009, CML patients were enrolled in a
multicenter cross-sectional study including 26 centers. These centers
covered 15 of the 20 regions of Italy and were balanced by the 3 main
geographic areas (northern, central, and southern) of the country. Eligibility
criteria included: adult patients with CML who started imatinib as first-line
therapy in the early chronic phase of the disease and receiving imatinib
treatment for at least 3 years. Patients had to be at least in complete
cytogenetic response (CCyR) at the time of study entry. Patients with a
secondary malignancy or those who had received any type of previous
treatment were not eligible. The study was approved by the ethic
committees of each participating center and all patients provided written
informed consent in accordance with the Declaration of Helsinki.

Study procedures and data collection

Patients were identified through hospital medical records and were invited
to participate by their own treating physician in the hospital. The protocol
specified that all eligible patients were to be approached and invited to
participate at the earliest convenience. To ensure a uniform recruitment
process, a national investigator meeting including representatives from all
participating centers was set up before the start of the study to discuss the logistics
and to provide written study-specific standard operating procedures. Investigators
had to inform patients that possible nonparticipation in this study would not have
any consequence on their follow-up care. All eligible patients were informed
about the purpose of this study and those who consented to participate were given
a survey booklet along with a self-addressed stamped envelope. Patients were
requested to complete the survey at home at their earliest convenience. All
surveys were returned to an independent national data center. Investigators
provided information on the full medical history of the patients, which was linked
to the returned surveys to build up the study database.

Patient-reported outcome data collection

Comparisons with the general population norms were performed with the
Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36,
Version 1), the most well-established generic HRQOL measure used in
survivor populations.8,9 The SF-36 measure has been validated for the
Italian population and has been shown to be of value in monitoring HRQOL
in long-term cancer survivors.10,11 The questionnaire consists of 36 items
yielding 8 domains: physical functioning (PF), role limitations because of
physical problems (RP), bodily pain (BP), general health perceptions (GH),
vitality (VT), social functioning (SF), role limitations because of emotional
problems (RE), and mental health (MH). The 8 domains have a score
ranging between 0 and 100 with higher scores representing better health
outcomes. Two summary scores, namely the physical component summary
(PCS) and the mental component summary (MCS), are derived from a
weighted combination of the 8 scales. PF, RP, BP, and GH have the higher
weights for the PCS whereas VT, SF, RE, and MH have higher weights for
the MCS. All scores on the SF-36 of our CML population were compared
against previously published Italian population norms10,12 and adjusted for
the following key possible HRQOL confounders: age, sex, education,
geographic area, and marital status.13-15 Patient reported symptoms were
measured with an ad hoc 9-item checklist for CML patients undergoing
imatinib treatment.16 Items were rated on a 4-point Likert scale to be
consistent with validated symptom scales/items included in other psycho-
metric robust measures.17 The following symptoms were evaluated: abdomi-
nal discomfort, diarrhea, edema, fatigue, headache, muscle cramps, muscu-
loskeletal pain, nausea, and skin problems.

Statistical methods

SF-36 domain and summary scores were calculated according to standard
scoring guidelines.12,18 Differences between groups were assessed using the
Fisher exact test, and Wilcoxon-Mann-Whitney and Kruskall-Wallis tests as
appropriate. To minimize possible bias comparing HRQOL outcomes of
CML patients to national population norms, controls from disaggregated
normative data were matched to CML subjects by propensity score
matching.19 Similar approaches have been used in previous HRQOL
studies.20 The prematching control group consisted of a representative
sample of 1997 Italian adults without cancer from a previous nationwide
study aimed at validating and providing population norms for the SF-36.10

We implemented an optimal matching procedure by selecting the best
possible case-control pairs given the available data. Matching was based on
age, sex, education, and geographic area. Because of matching procedures,
all comparisons between CML patients and matched population controls
were based on 409 patients per group. Adjusted mean differences were
determined with multiple regression, using selected a priori key HRQOL
confounders as covariates: age, sex, education, geographic area, and marital
status. The choice of age categories for descriptive comparisons between
CML patients and general population norms was based on previous similar
population-based studies.21 Statistical tests for significance of adjusted
mean differences of the 8 SF-36 scales were Bonferroni corrected for
multiple comparisons. Eight points were considered to be a minimally
important difference (MID) for the first 8 SF-36 scales,22 while a difference
of 2 points was judged as MID for the PCS and the MCS scores.23,24 A score
difference at least equal to MID was considered as a clinically meaningful
difference. For descriptive purposes, standardized effect sizes (z-scores)
were graphically presented for the 8 SF-36 scales as well as for the 2
summary scores. For the 8 SF-36 scales, each group-specific adjusted mean
difference was standardized by the corresponding SD in the matched control
group. PCS and MCS were computed for CML and the matched control group
using general population mean scores. The frequency distribution of response
categories for symptoms was calculated and each symptom was reported as
“severe” if the response was at least “quite a bit.”25 All analyses were performed
with SAS Version 9.1.3 (SAS Institute Inc).

Results

In total of the 472 eligible patients approached during the study
period, 448 patients were registered in this study. Twenty-two
patients refused to participate as they were not interested in the
purpose of the study and a further 2 were not enrolled for logistical
reasons. Of those registered, 422 (94%) returned the survey booklet
(ie, respondents). A comparison of respondents versus nonrespon-
dents revealed no statistically significant differences for sociodemo-
graphic and clinical or treatment-related data except for perfor-
mance status. Details are reported in Table 1.

Overall CML population compared with population norms

Clinically meaningful differences were observed for RP (�11.5;
95% confidence interval [CI], �16.8 to �6.3), GH (�8.9; 95% CI,
�11.7 to �6.0), and RE (�9.6; 95% CI, �14.9 to �4.3) scales.
CML patients had a clinically significant worse PCS score than
population controls (�2.4; 95% CI, �3.6 to �1.3) but not for the
MCS (�0.9; 95% CI, �2.3 to 0.4). Mean scores and adjusted mean
differences for the SF-36 scales for CML population compared
with control subjects are presented in Table 2.

Age group comparisons with population norms

Worse clinically significant scores were observed for the 2 younger
groups (age 18-39 and 40-59 years) in several scales. In patients
between 18 and 39 years of age, adjusted mean differences with the
control group were more than twice the magnitude of a clinically
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meaningful difference for the RP (�22.6; 95% CI, �33.7 to �11.4)
and the RE (�22.3; 95% CI �33.7 to �10.9) scales. Patients in this
age group also reported clinically worse outcomes compared with
the control group for the GH, SF, and PF scales. In the 40- to

59-year age group there were major limitations for the RP, RE, and
GH scales in the CML group. Comparisons between CML patients
between 60 and 69 years of age and patients 70 years and older
with population norms showed almost identical scores in all scales

Table 1. Sociodemographic and clinical characteristics of CML study population by compliance with the survey booklet (respondents vs
nonrespondents)

Variable

Compliance with the survey booklet

Nonrespondents
(n � 26)

Respondents
(n � 422)

Total
(N � 448)

Sex, n (%)

Female 8 (30.8) 172 (40.8) 180 (40.2)

Male 18 (69.2) 250 (59.2) 268 (59.8)

Age at study entry, y

18-39 2 (7.7) 61 (14.4) 63 (14.1)

40-59 13 (50.0) 187 (44.3) 200 (44.6)

60-69 7 (26.9) 91 (21.6) 98 (21.9)

� 70 4 (15.4) 83 (19.7) 87 (19.4)

Median 54 57 57

Range 22.0-85.8 19.4-86.8 19.4-86.8

Education, n (%)*

Eighth grade or less N/A 194 (46.0) 194 (46.0)

High school N/A 155 (36.7) 155 (36.7)

University degree or higher N/A 70 (16.6) 70 (16.6)

Missing N/A 3 (0.7) 3 (0.7)

Marital status, n (%)*

Divorced N/A 30 (7.1) 30 (7.1)

Single N/A 42 (10.0) 42 (10.0)

Married/living together N/A 313 (74.2) 313 (74.2)

Widow N/A 31 (7.3) 31 (7.3)

Missing N/A 6 (1.4) 6 (1.4)

Time from diagnosis, y

Mean (SD) 5.28 (1.56) 5.32 (1.72) 5.31 (1.71)

Median 5.1 5.1 5.1

Range 3.0-9.0 3.0-12.2 3.0-12.2

Duration of imatinib therapy, y

Mean (SD) 5.20 (1.52) 5.13 (1.47) 5.13 (1.48)

Median 5.1 5 5

Range 3.0-8.8 3.0-9.3 3.0-9.3

ECOG performance status, n (%)

0 24 (92.3) 286 (67.8) 310 (69.2)

� 1 2 (7.7) 136 (32.2) 138 (30.8)

Sokal-risk at diagnosis, n (%)

Low (� 0.8) 12 (46.2) 222 (52.6) 234 (52.2)

Intermediate (0.8-1.2) 9 (34.6) 140 (33.2) 149 (33.3)

High (� 1.2) 4 (15.4) 46 (10.9) 50 (11.2)

Missing 1 (3.8) 14 (3.3) 15 (3.3)

Comorbidity at diagnosis, n (%)

0 17 (65.4) 269 (63.7) 286 (63.8)

� 1 9 (34.6) 153 (36.3) 162 (36.2)

Initial imatinib dose, n (%)

� 400 mg/d 0 (0.0) 16 (3.8) 16 (3.6)

400 mg/d 25 (96.2) 385 (91.2) 410 (91.5)

� 400 mg/d 1 (3.8) 21 (5.0) 22 (4.9)

Current imatinib dose, n (%)

� 400 mg/d 1 (3.8) 61 (14.5) 62 (13.8)

400 mg/d 22 (84.7) 327 (77.4) 349 (77.9)

� 400 mg/d 3 (11.5) 34 (8.1) 37 (8.3)

Dose change during treatment, n (%)

No 16 (61.5) 257 (60.9) 273 (60.9)

Yes (at least once) 10 (38.5) 165 (39.1) 175 (39.1)

Time to first CCyR, y

Mean (SD) 0.90 (0.99) 0.65 (0.62) 0.66 (0.65)

Median 0.6 0.5 0.5

Range 0.0-5.2 0.1-6.3 0.0-6.3

CML indicates chronic myeloid leukemia; CCyR, complete cytogenetic response; SD, standard deviation; and N/A, not applicable.
*This was judged as N/A as this data was reported in the survey booklet.
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(Figure 1). Additional analyses showed that there were no signifi-
cant differences in terms of duration of therapy and time since
diagnosis for all CML age group categories.

Sex comparisons with population norms

The HRQOL profile for female CML patients was generally worse
than male CML patients. Marked impairments were found for
female CML patients compared with population controls for RP
(�17.9; 95%, CI, �26.8 to �9.1), RE (�13.8; 95%, CI, �22.5 to
�5), and GH (-10.6; 95%, CI, �15.3 to �5.8) scales. Male CML
patients showed no clinically meaningful differences with popula-
tion controls for the 8 SF-36 scales (Figure 2). Additional analyses
did not reveal any statistically significant differences by sex in
terms of: time in treatment with imatinib, starting imatinib dose,
ECOG performance status, Sokal risk classification, and comorbid-
ity at diagnosis.

Patient-reported symptoms evaluation

Fatigue was the most prevalent symptom with 82% of patients
reporting it with any level of concern. Inspection of the pattern of
symptoms by sex broadly reflected the results of the HRQOL
analysis. The 3 largest differences in terms of severe symptoms
were found for edema: 16% versus 39%; fatigue: 22% versus 39%;
and musculoskeletal pain: 18% versus 35%, respectively, for male
and female. Exploratory multivariate analysis showed that sex
effect on symptoms was independent of: age, education, duration of
therapy, current dose of imatinib, Sokal risk at diagnosis, and
comorbidity (data not shown). The overall frequency distribution
of symptom severity for all symptoms is depicted in Figure 3.

Discussion

The main finding of this study was the pattern of HRQOL outcomes
by different CML age group categories compared with their
respective peers, without cancer, in the general population. Younger
patients (18-39 years) had noticeable impairments in 5 of the
8 domains of the SF-36. In particular, major limitations in work or
other daily activities because of physical and emotional problems
(RP and RE scales of the SF-36) were evident. Marked impair-
ments were also observed for physical and social functioning as
well as overall health status and expectations for health in the

future (PF, SF, and GH scales). This was also the only age group
category reporting a significant worse MSC score. Clinically
significant limitations for RP, GH, and RE scales were remained in
patients between 40 and 59 years of age. Conversely, for patients
60 years or older, the HRQOL profile was very similar to their
peers in the general population (Figure 1).

This finding is consistent with similar population-based studies
conducted in other cancer diseases. Arndt and colleagues, for
example, found that younger patients (18-59 years) with colorectal
cancer reported major impact in terms of social, emotional, and role
functioning compared with general population norms.21 One pos-
sible explanation may be that a long-term daily imatinib treatment
schedule might have a greater impact in younger patients as they
are more likely to have greater task demands in routine daily life.
This could be supported by the evidence that only the youngest
group (18-39 years) had major limitations in their self-reported
evaluation of social functioning.

The only available evidence of HRQOL differences between
CML patients and the general population is provided by Kiss and
colleagues, who suggested that RP and GH were the most impaired
scales of the SF-36.26 However, as this study investigated outcomes
in a small cohort of subjects (N � 28) who received BM transplan-
tation (BMT) no direct comparison with our results can be made. A
comparison of our results with the broader literature on the
long-term HRQOL effect of therapies in other cancer diseases is
also difficult as the majority of prior investigations dealt with
patients who were already off-treatment at the time of analysis.27,28

The magnitude of adjusted differences between female CML
patients and their peers from the general population was larger than
that of males with CML and their peers in all scales of the SF-36
(Figure 2). This finding might be consistent with some evidence
from the IRIS trial showing that, independent of treatment effects,
the average of HRQOL scores of men with CML was higher than
that of women.4 Our results are also consistent with previous PRO
data in CML patients undergoing BMT or IFN, which suggested
worse outcomes for women in terms of psychosocial adjustment,
anxiety, depression, and other symptoms.29-31 Analysis of symptom
reporting in our CML sample showed a larger proportion of women
reporting higher symptom severity. This is the first evidence
suggesting a different pattern of HRQOL and symptom reporting
by sex in CML patients receiving long-term therapy with imatinib.

Patient-reported symptom assessment showed that fatigue was
the most frequently reported symptom and that between 25% and

Table 2. SF-36 scale scores and adjusted mean differences between the overall CML population and the matched control group

SF-36 scales CML patients, mean (SD) Matched control group, mean (SD) Mean difference* (95% CI) P

Physical health

Physical functioning 76.8 (24.8) 80.5 (25.4) �3.9 (�6.7; �1.1) .006

Role physical 61.6 (42.2) 73.0 (40.2) �11.5 (�16.8; �6.3)† � .001‡

Bodily pain 70.4 (26.2) 70.7 (28.7) �0.3 (�3.7; 3.2) .882

General health 52.7 (22.6) 61.2 (22.9) �8.9 (�11.7; �6.0)† � .001‡

PCS 46.0 (9.6) 48.2 (10.3) �2.4 (�3.6; �1.3)† � .001§

Mental health

Vitality 56.2 (21.2) 60.7 (20.8) �4.6 (�7.4; �1.8) .001‡

Social functioning 73.9 (22.7) 76.7 (24.3) �2.9 (�6.0; 0.2) .069

Role emotional 64.5 (40.7) 73.9 (38.0) �9.6 (�14.9; �4.3)† � .001‡

Mental health 67.1 (19.8) 66.3 (21.7) 0.6 (�2.1; 3.4) .659

MCS 49.3 (9.8) 50.2 (9.7) �0.9 (�2.3; 0.4) .166

CML indicates chronic myeloid leukemia; PCS, physical component summary; MCS, mental component summary; SD, standard deviation; and CI, confidence interval.
*Mean differences adjusted for age, sex, education, geographical area, and marital status.
†Exceeds minimally important difference (ie, 8 points for the SF-36 scales and 2 points for the PCS and MCS scores).
‡Statistically significant after Bonferroni adjustment (adjusted alpha � 0.05/8 � 0.006 25).
§Statistically significant (alpha � 0.05).
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30% of patients reported severe symptoms for edema, musculoskel-
etal pain, muscle cramps, and fatigue. As side effects of imatinib
might be associated with lower adherence rates,32 it could be
important to investigate the association of these long-term patient-
reported symptoms with adherence to therapy. Further analyses are
ongoing to investigate this issue within our study sample.

A strength of our study is the large sample size and the inclusion
of CML patients not exclusively stemming from clinical trials, thus
yielding a more realistic picture of routine practice. This article has
also limitations. Because of the cross-sectional design, we were
unable to control for HRQOL baseline values. Next, as we included
patients undergoing imatinib for at least 3 years, our results can be
generalized to only CML patients who were able to tolerate

imatinib for so long. Another limitation was the use of an ad hoc
symptom tool, as at present no fully internationally validated
measure exists for CML patients.6,7 Nevertheless, this did not in
anyway affect the primary objective of this study.

Our data add to the body of knowledge concerning long-term
traditional clinical outcomes with imatinib treatment (eg, rates of CCyR
and overall survival) by providing the patient’s view on disease and
treatment-related burden which is now highly valued by stakeholders.33

In conclusion, the HRQOL of patients with CML age 60 or
older receiving long-term therapy with imatinib is comparable with
that of their peers in the general population. However, particular
attention should be focused on younger patients and women as they
appear to report the largest differences compared with their peers in

Figure 1. Adjusted mean differences between CML
patients and their respective control groups by age
categories. (A) Physical health and (B) mental health.
A score below 0 line means worse outcomes for CML
patients. Note that connecting lines among SF-36 out-
comes are plotted only for descriptive purposes. *Statis-
tically significant after Bonferroni adjustment (adjusted
� � 0.05/8 � 0.00625). Statistical significance refers to
the group specific adjusted mean differences of SF-36
scores between CML patients and matched control
subjects. †Mean difference between CML patients by
age group and the respective matched control subjects
adjusted for age, gender, education, geographical area,
and marital status. A negative sign indicates worse
outcomes for CML patients. ‡Exceeds minimally impor-
tant difference (ie, 8 points for the SF-36 scales and
2 points for the PCS and MCS scores). §Statistically
significant (� � 0.05).
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the general population. The results of this study will be of value to
the physicians and patients to make more informed treatment
decisions and will possibly contribute to raising the standards of
survivorship care for this population.
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and MCS scores). §Statistically significant (� � 0.05).

Figure 3. Percentage of CML patients reporting the symptom by level of
severity (N � 422).
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