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ABSTRACT

Introduction: Patients with acute myeloid leu-
kemia (AML), especially those with relapsed or
refractory AML, have poor clinical prognosis
and outcomes. Health-related quality of life
(HRQoL) assessments have become increasingly
important in oncology, aiding in identifying
and informing supportive therapy needs during
treatment and beyond; however, HRQoL in
hematology, and AML in particular, has
received relatively minor attention. The aim

was to identify and summarize estimates of
HRQoL in patients with AML, including
patients with relapsed or refractory AML.
Methods: A systematic literature review was
performed. MEDLINE and EMBASE databases
were searched for peer-reviewed literature pub-
lished between 2004 and 2014 in the US and
Europe. Abstracts from four relevant conference
proceedings between 2012 and 2014 were
reviewed. Data from eligible studies were
extracted describing the HRQoL instruments
used, domains assessed, and HRQoL scores
reported.
Results: Fourteen peer-reviewed studies met
the eligibility criteria and were included in the
review. Cancer- or leukemia-specific HRQoL
measures were used in 78.6% of the studies.
Overall, HRQoL was superior among AML sur-
vivors compared to individuals on active treat-
ment. Fatigue was identified as the most
problematic symptom domain in patients, irre-
spective of their treatment status. Reported
HRQoL declined shortly after diagnosis or
treatment initiation and recovered over time.
Conclusion: The included studies identified a
decrease in HRQoL after treatment initiation
and highlighted the role of fatigue in HRQoL in
this patient population. Limited HRQoL data
were identified among relapsed or refractory
AML patients although they have worse prog-
nostic outcomes. New treatment options that
have less negative impact on HRQoL or health
initiatives specifically targeting HRQoL of
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patients with AML are warranted. In addition,
further studies exploring HRQoL in the relapsed
or refractory patient population are needed to
inform disease management and treatment
decisions.

Keywords: Acute myeloid leukemia;
Health-related quality of life; Systematic
literature review

INTRODUCTION

Acute myeloid leukemia (AML) in adults is
associated with poor clinical prognosis and
outcomes with 26% of patients reaching 5-year
survival after receiving an AML diagnosis [1].
Specific subgroups within the AML patient
population have worse prognosis, including
individuals with certain molecular and cytoge-
netic profiles; relapsed patients, who achieved
complete remission after initial AML treatment
only to have disease recurrence; or refractory
patients, who fail to achieve remission after
AML treatment [2]. For individuals diagnosed
with AML, intensive chemotherapy and bone
marrow transplantation are still the first-line
treatment options, often requiring long hospi-
talizations and severe treatment side effects [3],
thereby significantly impacting health-related
quality of life (HRQoL).

HRQoL is conceptualized as a broad variety
of domains underpinning individuals’ well-be-
ing; it is assessed through multidimensional
evaluation of the included domains. Assessment
of HRQoL has become increasingly important
in oncology because of the recognition that
traditional survival endpoints in clinical trials
may overlook disease- or treatment-related
events that have an impact on patients’
well-being [4–6]. In addition, understanding
HRQoL can help identify and inform supportive
therapy needs both during and beyond treat-
ment cessation [7–9].

While HRQoL has been increasingly used as
an outcome measure in oncology clinical trials,
HRQoL in hematology and in AML in particular
has received relatively minor attention. A
review published in 2008 of HRQoL in leukemia
randomized controlled trials (RCTs), including

AML, highlighted the paucity of HRQoL data
available in leukemia research [10]. Despite the
importance of patient well-being, information
on HRQoL of patients with AML and survivors
of AML is lacking [3].

To our knowledge, a single review of HRQoL
in the AML patient population was conducted
by Redaelli et al. [3]; however, no updates on
AML-related HRQoL are available. Thus, the
primary objective of the present study was to
provide an updated synthesis of studies pub-
lished between 2004 and 2014 on HRQoL in
patients with AML from the USA and Europe.
An additional objective was to identify pub-
lished estimates of HRQoL by AML subgroups,
including patients who have relapsed or refrac-
tory AML.

METHODS

A systematic literature review (SLR) of peer-re-
viewed publications published between 2004
and 2014 on AML patients from the US or EU
was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews
(PRISMA) reporting guideline [11]. Relevant
publications were identified via the MEDLINE
and EMBASE bibliographic databases; addition-
ally, relevant abstracts between the years 2012
and 2014 from four conference proceedings—
American Society of Clinical Oncology (ASCO),
American Society of Hematology (ASH), Euro-
pean Society for Medical Oncology (ESMO), and
the European Hematology Association (EHA)—
were searched. The reference lists of all included
publications were reviewed for additional eligi-
ble studies.

Abstracts identified through the search
strategy were evaluated for inclusion in the SLR
using pre-defined eligibility criteria by two
experienced reviewers. Both the search strategy
and eligibility criteria were approved by two
clinical experts in AML (FR and ML). Discrep-
ancies between the reviewers were resolved
through iterative reviews and discussions. The
following eligibility criteria had to be fulfilled:
(1) the target population comprised adults
18 years and older from the US or the EU; (2) a
current or previous diagnosis of primary or
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secondary AML, including patients who had
relapsed or refractory AML, or were identified as
having an fms-like tyrosine kinase-internal
tandem duplication (FLT3-ITD) or FLT3-ty-
rosine kinase domain (TKD) mutation; and (3)
HRQoL measured using a validated quality of
life instrument. Articles that met the eligibility
criteria were extracted and included in the SLR.

For each eligible study, pre-defined outcomes
were independently abstracted by two inde-
pendent reviewers and a quality assessment was
conducted to assess the robustness of HRQoL
outcomes reporting as described by Jacobs et al.
[12]. Outcomes of interest included HRQoL
domain scores reported by leukemia-specific,
cancer-specific, or general quality of life instru-
ments in the target population. Reported
domains typically included a global assessment
of overall HRQoL; domains that measure per-
ceptions of functionality, including physical,
mental, emotional or social functioning; and
symptom-specific domains that target symp-
toms associated with cancer or leukemia.

Due to the quantitative and qualitative
heterogeneity in the HRQoL instruments and
results, this review did not include a formal
meta-analysis component. Results were pre-
sented as reported in the studies or were sum-
marized in tabular or graphic form. This work is
based on previously conducted studies; no new
data were collected on human or animal sub-
jects in relation to this work.

RESULTS

A summary of the number of articles identified
from the search strategy, the reasons for publi-
cation exclusion, and total number of publica-
tions included is presented in Fig. 1.
Publications and study design details of all
included studies are presented in Appendix
Table 1.

Key demographic and clinical characteristics
of the included study populations can be found
in Table 1. The sample size of included studies
ranged from 8 to 481. The study populations
primarily comprised of middle-aged adults; two
studies reported mean age below 40 years of age
[13, 14], and three studies had a mean age above

65 years of age [15–17]. Five studies reported the
distribution of AML disease origin at baseline;
study populations were primarily comprised of
primary AML patients (range: 54.5–100.0%). No
individuals with refractory AML were identified
in the included studies.

The most frequently utilized HRQoL instru-
ment was the cancer-specific EORTC QLQ-C30
questionnaire (50.0%, Table 1); generic HRQoL
instruments (EQ-5D and SF-36 or SF-12) were
utilized in only 35.7% of included studies.
Descriptions of the included instruments,
including measured domains and interpreta-
tions of scoring, can be found in Appendix
Table 2.

Global Assessment of HRQoL

Eleven studies (78.6%) reported a global assess-
ment of HRQoL. Ten studies (71.4%) utilized a
cancer or leukemia-specific instrument; of
these, six studies measured global HRQoL in
patients who were survivors of AML, including
four studies with participants who had achieved
complete remission at the time of assessment.
The mean global HRQoL scores in AML sur-
vivors and patients with active AML are pre-
sented in Tables 2 and 3.

An improvement in HRQoL was generally
shown among survivors compared to active
AML patients using the FACT-G and EORTC
QLQ-C30 instruments: the mean EORTC
QLQ-C30 scores ranged from 67.9 [18] to 80 [19]
in survivors compared to 50 [16] to 77.2 [20] in
patients with active AML, and mean FACT-G
scores was 77.5 [18] in survivors compared to
56.1 [13] to 84 [17] in patients with active AML.
An exception to this trend was the FACT-G
scores reported by Sekeres et al., where superior
HRQoL was reported among active AML
patients [17]. The reason for this difference is
unknown because of insufficient reporting of
relevant clinical characteristics of the sample
populations.

The EQ-5D instrument was utilized in two
studies of AML survivor populations (Table 3).
Leunis et al. reported an EQ-5D utility score of
0.82, and an EQ visual analog scale (VAS) score
of 74.6, a significantly lower result compared to

Oncol Ther (2017) 5:1–16 3



a general population sample (p = 0.0333). A
separate study by Slovacek et al. reported the
lowest EQ VAS score, 67.5, among individuals
previously treated with autologous hematopoi-
etic stem cell transplantation [24].

Three studies used the SF-12 or SF-36 scales
to measure HRQoL, although one study did
not report results for the AML population [21].
One study measured HRQoL in adult survivors
of childhood AML and found no difference in

physical or mental scales compared to popu-
lation norms [14]. Among participants
actively undergoing treatment for AML, mean
SF-36 physical scale scores were approximately
two standard deviations below population
norms within the first 6 weeks from diagnosis,
indicating a quick and sharp decline in
HRQoL shortly after diagnosis; mental scores
were comparable with general norm scores
[17].

Fig. 1 PRISMA flow diagram depicting articles excluded at each stage of the systematic literature review
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Functional Domains

Five of the included studies (35.7%) reported
HRQoL measures of functional domains using
the EORTC QLQ-C30. Scores for each of the
domains ranged from 75.9 to 83 (cognitive),
64.1 to 83.1 (emotional), 27 to 74.8 (role), 67 to
86.7 (physical), and 56 to 83 (social) at baseline.
Score ranges were similar between individuals
with active AML and AML survivors in the
cognitive, emotional, and social domains.

Poorer scores were observed among individuals
with active AML compared to AML survivors in
the role domain—ranging from 27 to 67 vs. 72.5
to 74.8, respectively—and the physical
domain—ranging from 67 to 73 vs. 80.4 to 86.7,
respectively.

A comparison of mean scores between AML
survivors and a general population sample
found significantly lower scores reported across
all functional domains in the AML population
[22].

Table 1 Key demographic and clinical characteristics across identified studies (N = 14)

Characteristic N of studies Median Range

Age 9 51 (22.0–71.7)

Male gender, % 12 51.2 (37.5–63.3)

Primary AML, % 5 70.5 (54.5–100.0)

Secondary AML, % 5 24.8 (0.0–33.7)

Relapsed, % 7 11.9 (0.0–20.8)

Refractory AML, % 4 0.0 –

Treatment status during HRQoL study

Active AML treatment 7 – –

AML survivor 7 – –

Time since diagnosis in AML survivors (months) 3 153.6 (70.8–192)

Cancer or leukemia-specific HRQoL instruments

EORTC QLQ-C30 7 – –

EORTC QLQ-Leu 1 – –

FACT-BMT 1 – –

FACT-G 3 – –

FACT-Leu 1 – –

QOL-E 1 – –

Generic HRQoL instruments

EQ-5D 2 – –

SF-36 or SF-12 3 – –

AML acute myeloid leukemia, BMT bone marrow transplant, EORTC European Organization for Research and Treatment
of Cancer, EQ-5D European Quality of Life-5 Dimensions, FACT Functional Assessment of Cancer Therapy, G general,
IQR interquartile range, Leu leukemia, n number, QLQ quality of life questionnaire, QoL-E Qualita’ Della Vita Legata Alla
Salute Nelle Sindromi Mielodisplastiche, SF short form
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Symptom Domains and Financial
Difficulties

Symptom-specific domains were included in six
instruments, five of which were cancer or leu-
kemia specific (Table 4). The most frequently
used instrument to measure symptoms was the
EORTC QLQ-C30, which includes three symp-
tom scales—fatigue, nausea/vomiting, and
pain—several single items assessing symptoms
commonly reported by cancer patients, and
perceived financial impact of the disease (Ap-
pendix Table 1).

Across studies, the most affected domains
were fatigue, pain, dyspnea, insomnia,

appetite loss, financial difficulties, and ane-
mia (Table 4). Active AML patients reported
appetite loss and fatigue symptoms as having
the most detrimental impact on HRQoL,
whereas fatigue and insomnia had the worst
impact on HRQoL among AML survivors.
One study comparing AML survivors to a
general population sample identified a sta-
tistically significant negative impact on AML
survivors in the fatigue, pain, dyspnea, and
appetite loss domains (p value \0.05 for all
comparisons) and a clinically relevant
impact—defined as a difference of at least
ten points—in the fatigue and dyspnea
domains [22].

Table 2 Mean global HRQoL scores in patients with active AML, stratified by measurement tool

Study Subjects with active AML

Baseline mean score Endpoint mean score

Cancer- or leukemia-specific instruments

EORTC QLQ-C30a

Moller 2012 56.2 77.2

Oliva 2011 50 –

FACT-G

Battaglini 2009 56.1 52.5

Sekeres 2004 83 84

FACT-Leu

Klepin 2010 106.2 127.5

QOL-E

Oliva 2011 54 –

Generic instruments

SF-12 or SF-36 physical

Sekeres 2004 32 29

SF-12 or SF-36 mental

Sekeres 2004 53 52

AML acute myeloid leukemia, EORTC European Organization for Research and Treatment of Cancer, FACT Functional
Assessment of Cancer Therapy, Leu leukemia, QLQ Quality of Life Questionnaire, QoL-E Qualita’ Della Vita Legata Alla
Salute Nelle Sindromi Mielodisplastiche, SF short form
a Sherman et al. utilized the EORTC QLQ-C30 instrument, but did not report mean/median values, and the study was not
included in this table
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Perceived financial difficulties showed nega-
tive impact in both active AML patients and
AML survivors and were reported to be signifi-
cantly worse in AML survivors compared to a
general population sample (p value\0.05) [22].

A single study utilized the leukemia-specific
EORTC QLQ-Leu instrument among adult AML
survivors; the subscales with the highest per-
centage of survivors reporting problems inclu-
ded graft-versus-host disease (GVHD; 86%) and
infection susceptibility (51%), although the
authors noted that few participants scored these
symptoms as severe [19].

Prospective Studies

Four studies were prospective in design, provid-
ing a temporal perspective of symptoms during
and after AML chemotherapy, with a follow-up
period ranging from approximately 6 to
39 weeks. Of the four studies, three [13, 15, 17]
assessed HRQoL beginning at diagnosis, while
the fourth study measured HRQoL at the end of
patients’ induction therapy and followed
patients for 9 months post-induction [20].

In the majority of the studies, short-term
trends—from diagnosis to week 10—depict a
rapid worsening of HRQoL across all domains
shortly after diagnosis, followed by a gradual
increase in HRQoL from week 2 to 6 (Fig. 2;
Appendix Figure 1). Exceptions to this trend
were reported by Moller et al., where the poorest
HRQoL scores were observed at baseline, fol-
lowed by consistent improvements in func-
tional and symptom domains over time. This
observation is likely due to the lack of an
assessment following induction through to
week 12. Symptom and functional domains
reported similar short- and long-term trends
(Appendix Figure 1).

HRQoL by AML Subgroup

A single study reported HRQoL of relapsed AML
survivors; no information of refractory partici-
pants was identified. HRQoL in relapsed partic-
ipants was worse than in non-relapsed
participants (EORTC QLQ-C30: 72 vs. 76; EQ-5D
utility: 0.8 vs. 0.8; and EQ-VAS: 73 vs. 75) [22].
These differences were not reported to be sta-
tistically significant, although this could be due
to the small sample size of relapsed participants
(n = 17) [22].

Table 3 Mean global HRQoL scores in AML survivors,
stratified by measurement tool

Study AML survivors
Mean score

Cancer- or leukemia-specific instruments

EORTC QLQ-C30a

Bieri 2008 67.9

Leunis 2014 75.3

Messerer 2008 69.8

Watson 2004b 80

FACT-G

Bieri 2008 77.5

Generic instruments

EQ-5D utility

Leunis 2014 0.8

EQ VAS

Leunis 2014 74.6

Slovacek 2006 67.5

SF-12 or SF-36 physical

Schultz 2013 49.9

SF-12 or SF-36 mental

Schultz 2013 50.7

AML acute myeloid leukemia, EQ-5D European Quality
of Life-5 Dimensions, EORTC European Organization for
Research and Treatment of Cancer, FACT Functional
Assessment of Cancer Therapy, Leu leukemia, QLQ
Quality of Life Questionnaire, SF short form, VAS visual
analog scale
a Sherman et al. utilized the EORTC QLQ-C30 instru-
ment, but did not report mean/median values, and the
study was not included in this table
b Scores were reported as percent of patients who reported
problems in the global domain
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Quality Assessment

Applying the quality assessment checklist out-
lined by Jacobs et al. [12], only two studies
(14.3%) [15, 18] were deemed robust (Appendix
Table 3). When scoring question four of the
checklist—use of a validated, disease-specific
questionnaire—only leukemia-specific tools
were deemed acceptable to meet this criterion.
Relaxing this requirement to include both leu-
kemia- and cancer-specific tools resulted in five
(35.7%) studies designated as robust
[15, 18, 19, 22, 23]. The remaining studies were
not deemed robust [13, 14, 16, 17, 20,
21, 24–26].

DISCUSSION

Using a robust methodology, 14 studies report-
ing the HRQoL of individuals with AML were
identified in the peer-reviewed literature
between 2004 and 2014. HRQoL estimates var-
ied across different subpopulations of AML:

HRQoL was superior among AML survivors
compared to individuals on active treatment for
AML, and one study reported poorer HRQoL of
relapsed AML survivors compared to non-re-
lapsed survivors. One study provided compar-
isons with a general population sample and
found individuals with AML had consistently
lower HRQoL across all measured domains;
however, the difference was not statistically
different for all comparisons [22]. An assess-
ment of the quality found few of the studies met
the minimum requirements for robust reporting
of HRQoL results.

The findings of our SLR are largely in line
with the previous SLR published in 2004.
Redaelli et al. observed that the largest HRQoL
burden occurred shortly after diagnosis and
during the course of treatment, and survivors
appeared to recover HRQoL almost completely
in multiple functional domains [3]. Studies
included in the present SLR that measured
HRQoL through the treatment period reported
the poorest HRQoL shortly after initiating
induction therapy followed by a rebound in

The scales of the presented instruments are not directly comparable. Scores are presented as reported by the study 
authors. The first measurement by Moller et al. occurred when participants were at the end of their induction therapies. 
We assumed that a typical cycle of induction therapy will last up to 10 days (1.43 weeks) based on reviewed treatment 
guidelines.

Fig. 2 Overall HRQoL over time in studies reporting multiple measures of HRQoL
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HRQoL after induction therapy was completed.
This observation suggests that AML treatment
negatively affects patients’ HRQoL, although
the impact of death rates during the study and
their effect on the study sample may also be a
factor in the observed increase in HRQoL over
time.

While developments in identifying diagnos-
tic and prognostic markers for AML have been
achieved recently [27], treatment options still
remain largely unchanged in the last decade,
potentially explaining the agreement in HRQoL
trends between the current work and the SLR
published in 2004 [3]. A causal pathway linking
HRQoL with hard clinical outcomes, such as
survival, has not been established; however,
HRQoL has been recognized as a predictor of
clinical prognosis [28] and is a relevant consid-
eration in disease management. Calls to
increase the focus on the patient experience in
oncology care further underline the importance
of HRQoL [29]. This has led to supportive care
initiatives being implemented to address the
negative impacts of the disease and treatments
on patients’ functional domains including
emotional, social, and role functioning. Aside
from mitigating the impact of aggressive treat-
ment regimens, the development of novel
therapeutic options for AML that are efficacious
but less toxic would likely improve HRQoL in
this patient population.

Across the included studies, fatigue was sys-
tematically identified as an important symptom
negatively impacting HRQoL in patients with
AML, irrespective of their treatment status. The
impact of fatigue was reported to have the most
significant impact on HRQoL and persisted over
time [20]. These findings echo those of other
studies assessing HRQoL of patients with AML
[3], leukemia and hematology [4, 30], and in
other cancer types [31, 32]. The impact of fati-
gue on HRQoL is not surprising, as cancer-re-
lated fatigue is commonly reported among
cancer patients and may be attributable to sev-
eral causes, including treatment-related side
effects, comorbidities, psychosocial issues, or
the disease itself [33, 34]. The reasons for the
persistence of fatigue past treatment comple-
tion are unknown [34]; however, studies have
found fatigue to be negatively correlated with

global health scores and functional status and
positively correlated with loss of appetite and
depression in patients with AML [23, 35, 36].

Limited HRQoL data on patients with
relapsed or refractory AML or with confirmed
cytogenetic mutations were identified in this
review. This seeming exclusion of reporting
HRQoL by AML subgroups may partially be due
to selection bias, as these populations have
poorer prognosis, more intensive treatments,
worse outcomes, and shorter survival when
compared with non-relapsed or non-refractory
AML patients. The few numbers of patients with
AML may also limit the ability to conduct a
robust analysis of these relapsed and refractory
AML subgroups. The limited research on
HRQoL in hematology, and AML in particular,
compared to solid-tumor cancers has been
highlighted in previous works [3, 4].

This study has several notable strengths.
Robust methodology, including transparent
and reproducible methods, was used in accor-
dance with the standard practice [37] to identify
and select relevant studies for inclusion using a
pre-defined eligibility criteria vetted by clinical
experts in AML, and results were reported in
accordance with PRISMA guidelines [38]. To our
knowledge, this is the only systematic review in
the past 10 years reporting HRQoL in patients
with AML in the US and Europe. Moreover, the
present review aimed to identify published
estimates of HRQoL in relapsed or refractory
AML patients, which has not been previously
summarized in the existing literature. Recog-
nizing that the aim of the study was to present
the current state of knowledge regarding
HRQoL in AML, the results were presented by
meaningful core variables that impact HRQoL.

Limitations to the study must be acknowl-
edged. The SLR design allows for limited inter-
pretation of findings outside of those presented
by study authors. Coupled with the wide variety
of heterogeneity in key study design and clini-
cal factors—including the number of different
instruments utilized to measure HRQoL, the
different time points after AML diagnosis when
HRQoL was measured, and the different AML
subpopulations—the present SLR can offer only
broad conclusions on HRQoL in AML in the US
and the EU. As this study supports previously
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identified broad trends in HRQoL of individuals
with AML [10], future research may focus on
reducing the heterogeneity of included studies
to allow for robust methods to arrive at more
precise estimates of HRQoL or expand the geo-
graphic scope to include countries outside of
the US and EU. Finally, we recognize that
selection and publication biases are inherent in
SLRs. Recognizing the limitations to the study
design, we adhered to methods meant to mini-
mize the impact of selection bias by conducting
a double, independent review and extraction of
identified publications. While limited methods
exist for reducing the impact of publication bias
in SLRs, including gray-literature sources, or
requesting individual participant data from
clinical trials where HRQoL outcomes were
collected but not reported can help minimize
publication bias in future reviews.

CONCLUSIONS

Our results demonstrate that the impact of
HRQoL on AML patients is significant, with
deterioration occurring quickly at the time of
diagnosis and treatment start. AML treatment
options have been noted as being aggressive
and requiring long hospitalizations, which has
been touted as the reason for the lack of studies
in HRQoL in this disease area [4]. However, a
deeper understanding of the relationship
between HRQoL in AML, particularly in poor
prognosis AML subgroups with limited treat-
ment options, may offer crucial insights into
patient management options, including sup-
portive care, and survival. Our findings also
highlight the need for high-quality, robust
studies assessing HRQoL to quantify the burden
on patient HRQoL in these patient populations.
Further examinations of the role of HRQoL in
AML, particularly by AML subgroups, are
warranted.
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