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Treatment, trial participation and survival in adult acute
myeloid leukemia: a population-based study in the
Netherlands, 1989–2012
AG Dinmohamed1,6, O Visser2,6, Y van Norden3, NMA Blijlevens4, JJ Cornelissen1, GA Huls4, PC Huijgens2,5, P Sonneveld1,
AA van de Loosdrecht5, GJ Ossenkoppele5, B Löwenberg1 and M Jongen-Lavrencic1

Large, comprehensive population-based studies in acute myeloid leukemia (AML) are scarce. We conducted a nationwide
population-based study on treatment, trial participation and survival among all adult patients diagnosed with AML (n= 12 032) and
acute promyelocytic leukemia (APL; n= 585) in the Netherlands between 1989–2012. Patients were categorized into four periods
and four age groups (18–40, 41–60, 61–70 and 470 years). The application of allogeneic stem cell transplantation increased over
time among AML patients up to age 70 years. For APL patients, the use of chemotherapy increased across all age groups. When
a clinical trial was open for accrual in the Netherlands, the inclusion rates were 68%, 57%, 30% and 12% for AML patients in the four
age groups, respectively (data for APL unavailable). Relative survival improved over time among AML (up to age 70 years) and APL
patients. In the period 2007–2012, 5-year relative survival rates were 54%, 38%, 14% and 2% for AML patients and 84%, 75%, 54%
and 37% for APL patients in the four age groups, respectively. As survival remained poor for older AML patients over the last two
decades, clinical trials and active participation in those trials, are warranted that explore innovative treatment strategies for this
elderly population.
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INTRODUCTION
Acute myeloid leukemia (AML) is a clonal hematopoietic
progenitor cell disorder, which affects individuals at any age with
a continuously progressive increase with older age.1 AML has an
overall age-standardized incidence rate of 3 to 4 per 100 000 in
Western countries and the median age at diagnosis is around
65–70 years.2,3 The disease is very heterogeneous with regard to
patient- and disease-related characteristics as well as treatment
response and outcome.1 AML is usually rapidly fatal if specific
treatment is not promptly initiated after diagnosis.4

The treatment strategy with a curative intent in AML generally
consists of two consecutive phases: intensive remission induction
chemotherapy and consolidation therapy.5 This treatment strat-
egy, however, may be poorly tolerated by older or medically unfit
patients in which case treatment-related mortality may be high.6

Generally, treatment strategies are adjusted according to
pretreatment (for example, patient- and disease-related character-
istics) and post-treatment factors (for example, response after
induction therapy) that allow for identification of patients who
would likely tolerate and benefit from a specific type of treatment
strategy.5 The therapeutic armamentarium against AML has
remained relatively stable over the past decades. However,
substantial progress has been made towards optimizing existing
treatment strategies rather than involvement of novel therapeutic
agents,7 except the introduction of all-trans retinoic acid and

arsenic trioxide for the treatment of acute promyelocytic leukemia
(APL),8 which is an entity of AML with specific molecular, biologic
and clinical characteristics.9 Much of the remarkable progress can
be credited to improvements in supportive care,10,11 advances in
understanding the dose–response relationships and dose intensi-
fication of induction chemotherapy,12,13 the application of
allogeneic stem cell transplantation (SCT) to a greater number of
patients14 and developments in better risk-stratification models
and risk-adapted treatment approaches.15

Randomized controlled clinical trials are essential to evaluate
new interventions and to establish evidence-based clinical
practice guidelines. Recently published clinical trials show that
40–50% of younger13,16–18 and around 10% of older patients with
AML can be cured.12,19,20 However, the study populations of
clinical trials are not representative of the general patient
population. Indeed, evidence from the few available population-
based studies revealed that patients with AML from the general
population have comparatively unfavorable features (for example,
advanced age and secondary AML) and worse outcome compared
with patients enrolled in clinical trials.21–26 Thus, findings from
clinical trials are based on selected patient populations and
therefore their value cannot be generalized to the nonstudied
population. Population-based studies can complement clinical trial
studies and lend additional data informing clinical decision
making.27 Furthermore, nationwide population-based studies that
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address the question of accrual patterns of patients with AML in
clinical trials have yet to be published.
Here we report the results of a comprehensive, nationwide

population-based study among412 000 adult patients diagnosed
with AML in the Netherlands from 1989 to 2012 reported to the
nationwide population-based Netherlands Cancer Registry (NCR).
The aim of the study was to assess trends in treatment, trial
participation and survival across the entire adult AML population
during this 24-year period.

PATIENTS AND METHODS
Registry and study population
The NCR, which is maintained and hosted by the Netherlands Compre-
hensive Cancer Organisation, has an overall coverage of 495% of all
malignancies in the Netherlands since 1989.28 The NCR is primarily based
on notifications by the Nationwide Archive of Histo- and Cytopathology
(PALGA), to which all pathological laboratories in the Netherlands report,
followed by the National Registry of Hospital Discharges (LMR). The NCR
collects information on dates of birth and diagnosis, sex, disease
topography and morphology, primary treatment and hospital of diagnosis
and treatment. The date of last known vital status (alive, dead or
emigration) was retrieved by linking the NCR to the nationwide population
registries network, which holds vital statistics of all Dutch residents.
The NCR codes disease topography and morphology according to the

International Classification of Diseases for Oncology (ICD-O). The first
edition of the ICD-O was used for case ascertainment until 1992, the

second edition (ICD-O-2) from 1993 to 2000, the third edition (ICD-O-3)
from 2001 to 2011, and an updated ICD-O-3 from 2012 onwards. The ICD-
O-2 is based on the disease definitions of the French-American-British
classification of AML,29 while the ICD-O-3 and its update are based on the
third30 and fourth31 edition of the World Health Organization (WHO)
classification of hematological malignancies, respectively.
Patients diagnosed with AML between 1989 and 2012 were selected

from the NCR using ICD-O morphology codes as listed in Supplementary
Table S1. Before the release of the third edition of the WHO classification of
hematological malignancies30 and the ICD-O-3(ref. 32) in 2001, myelodys-
plastic syndromes and myeloproliferative neoplasms were considered
nonmalignant hematologic diseases. Therefore, the progression from
myelodysplastic syndromes or myeloproliferative neoplasms to AML was
included in the NCR as a first incident case of AML before 2001, whereas as
of 2001, myelodysplastic syndromes and myeloproliferative neoplasms
were included in the registry as an incident case and the progression to
AML (that is, secondary AML) was not standardly registered since 2001, but
only in the calendar period 2003–2009. To investigate the effect of
secondary AML on survival, we excluded these cases from the primary
AML sample in the calendar period 2003–2009. This analysis revealed
that the effect of secondary AML on survival was negligible
(see Online Supplementary Results). Therefore, in order to maintain a
relatively consistent cohort, we excluded these cases of secondary AML
from our study population since 2001, as they were not consistently
recorded since 2001. Collectively, any bias related to the exclusion of
secondary AML after 2001 may only have marginally biased our results.
All patients were observed from the date of diagnosis to death, emigration
or end of follow-up (1 February 2014), whichever occurred first.

Table 1. Characteristics of patients diagnosed with AML and APL in the Netherlands, 1989–2012

Disease type Characteristics Calendar period Total

1989–1994 1995–2000 2001–2006 2007–2012

No. % No. % No. % No. % No. %

AML Total No. of patients 2599 2983 3365 3668 12 615
Male/female ratio (%) 55/45 54/46 54/46 54/46 54/65
Age, years
Median 65 65 66 68 66
o18 137 5 137 5 171 5 138 4 583 5
18–40 305 12 335 11 300 9 278 8 1218 10
41–60 613 24 699 23 829 25 817 22 2958 23
61–70 607 23 662 22 706 21 846 23 2821 22
470 937 36 1150 39 1359 40 1589 43 5035 40
ASR per 100 000a

Total 2.80 2.95 3.10 3.03 2.97
Male 3.40 3.45 3.61 3.51 3.49
Female 2.21 2.45 2.59 2.55 2.45
Hospital typeb

Non-university 1396 54 1544 52 1716 51 1873 51 6529 52
University 1203 46 1439 48 1649 49 1795 49 6086 48

APL Total No. of patients 108 140 177 192 617
Male/female ratio (%) 40/60 40/60 52/48 53/47 47/53
Age, years
Median 49 53 50 53 52
o18 10 9 7 5 9 5 6 3 32 5
18–40 34 31 36 26 47 27 37 19 154 25
41–60 25 23 46 33 65 37 82 43 218 35
61–70 16 15 18 13 23 13 31 16 88 14
470 23 21 33 24 33 19 36 19 125 20
ASR per 100 000a

Total 0.11 0.14 0.17 0.17 0.15
Male 0.10 0.12 0.18 0.19 0.15
Female 0.13 0.15 0.16 0.16 0.15
Hospital typeb

Non-university 45 42 52 37 59 33 71 37 227 37
University 63 58 88 63 118 67 121 63 390 63

Abbreviations: AML, acute myeloid leukemia; APL, acute promyelocytic leukemia; ASR, age-standardized incidence rate. aIncidence rates are age-standardized
to the European standard population. bPatients referred from a non-university hospital to a university hospital were categorized as university hospital.
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We categorized AML cases into two groups: AML without APL and APL.
Detailed clinical information, such as prognostic factors and remission
rates, were not available in the NCR.

Treatment
Treatment after diagnosis is recorded by the NCR and was registered as
supportive care only, chemotherapy or chemotherapy followed by a
hematopoietic SCT. To obtain information on the type of SCT (autologous
(auto) or allogeneic (allo) SCT), anonymous data including this information
were provided by the SCT Working Party of the Dutch-Belgian Cooperative
Trial Group for Hemato-Oncology (HOVON), and subsequently linked to the
NCR. Details about the linking methodology, results of the linkage, and
treatment definitions are provided in the online Supplementary Material.

Trial participation
Since 1985, the HOVON performs clinical AML trials in the Netherlands.
Parallel to the HOVON, the European Organization for Research and
Treatment of Cancer (EORTC) performs clinical AML trials in particular
institutions in the Netherlands. Data regarding trial participation are
unavailable in the NCR. Therefore, anonymous data of patients with AML
included in clinical trials were provided by the HOVON and EORTC. Details
regarding the linking methodology, results of the linkage and analyses of
trial participation are described in the online Supplementary Material.

Statistical analyses
Relative survival rates (RSRs) with 95% confidence intervals (CIs) were
calculated as a measure of disease-specific survival according to the cohort
methodology. Relative survival is the ratio of the observed survival of
patients to the expected survival of a comparable cohort from the general
population, which is sex, age and period matched.33 Expected survival was
calculated by the Hakulinen method from Dutch population life tables
according to age, sex and calendar period.34 We calculated RSRs up to 10

years from diagnosis for four calendar periods (1989–1994, 1995–2000,
2001–2006 and 2007–2012) and four age groups (18–40, 41–60, 61–70 and
470 years). To assess actuarial (overall) survival (OS) according to
intervention by calendar period, the Kaplan–Meier method was used.
To analyze the probability of early death, a logistic regression analysis was
performed with early death as the outcome. Early death is defined as death
within 30 days from diagnosis. The probability of early death was
calculated and expressed as odds ratios with 95% CIs. The analysis
included the following independent categorical variables: sex, age at
diagnosis, calendar period of diagnosis and hospital of diagnosis. The
independent variables were assessed in a univariate manner. Only
variables with a P-value of o0.20 in univariate analysis were included in
the multivariate analysis. A P-value o0.05 was considered statistically
significant. Patients age o18 years at diagnosis (n= 615) and patients first
diagnosed at autopsy (n= 51) were excluded from the treatment and
survival analyses. All statistical analyses were performed with STATA
Statistical Software Release 13.1 (College Station, TX, USA).

RESULTS
Demographic characteristics
A total of 12 615 patients with AML (median age, 66 years) and
617 patients with APL (median age, 52 years) were diagnosed in
the Netherlands between 1989 and 2012. Of all patients with AML
and APL, 4% and 3% were diagnosed in patients below the age of
18 years, respectively. Characteristics and age-specific incidence
rates of all patients are shown in Table 1 and Supplementary
Figure S1, respectively.
The overall age-standardized incidence rate (ASR) of AML

remained nearly constant over time (3.0 cases per 100 000;
Table 1). A slight increase was observed after the year 2000 owing
to the revised blast threshold for the diagnosis of AML from 30 to

Figure 1. Treatment of adult patients with (a) AML and (b) APL in the Netherlands by age at diagnosis and calendar period of diagnosis,
1989–2012. The table presents the proportion of patients receiving a particular treatment within a specific calendar period and age group.
The absolute number of patients within a specific calendar period and age group is shown in Table 1.
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20% blasts in the bone marrow.30 The age-specific incidence of
AML rises sharply with older age (Supplementary Figure S1a).
There is a consistent male predominance throughout the study
period (Table 1), which relates to the higher incidence in the over
60-year-old men compared with the equivalent female group
(Supplementary Figure S1a).
Patients with APL account for 4.7% of all AML cases and the

average annual ASR is 0.15 cases per 100 000 in both sexes
(Table 1). There is a female predominance in the period
1989–2000; however, this was the reverse in the period
2001–2012.

Treatment
Information on treatment of adult patients with AML and APL
according to age at diagnosis and calendar period of diagnosis is
shown in Figures 1a and b, respectively. The application of allo-
SCT for AML increased over time among patients o70 years of
age and the increase was most pronounced among patients
41–60 years of age (Figure 1a), increasing from 8 to 46%. Allo-SCTs
were gradually introduced in the treatment of patients 61–70
years of age only during the early 2000s. There were no large
regional differences in the application of allo-SCTs during the
periods studied (data not shown). Details on region definition are
provided in the online Supplementary Material. Allo-SCTs were
more frequently performed than auto-SCTs over the study period
(Figure 1a), with auto-SCT being applied in ~ 10% of patients and
allo-SCT in 50% of patients. Of all allo-SCTs and auto-SCTs, 95%
and 96% were performed during first complete remission and 5%
and 4% during other disease phases, respectively. Although it was
not possible to distinguish between intensive and palliative
chemotherapy because of this information was not standardly

registered across the system, sample data from two regional
registries, covering one-fifth of the Dutch population, revealed
that for AML patients aged 18–40, 41–60, 61–70 and 470 years,
2%, 3%, 9% and 39% received palliative chemotherapy, which

Figure 2. Trial participation of adult patients with AML in the
Netherlands according to age at diagnosis. The pie chart depicts the
proportion of trial participation among patients aged (a) 18–40
years, (b) 41–60 years, (c) 61–70 years and (d) 470 years. The bar
plot depicts the treatment given to patients who did not entered
into a clinical trial. *Intensive therapy includes chemotherapy,
auto-SCT and allo-SCT.

Figure 3. Relative survival rates (RSRs) of adult patients diagnosed with AML in the Netherlands according to age at diagnosis and calendar
period of diagnosis, 1989–2012. RSRs are shown according to the following age categories: (a) 18–40 years, (b) 41–60 years, (c) 61–70 years
and (d) 470 years. The table presents the projected 1- and 5-year RSRs with 95% confidence intervals (CIs) according to age at diagnosis and
calendar period of diagnosis.
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compares with values of 98%, 97%, 91% and 61% for intensive
chemotherapy, respectively. The vast majority of patients older
than 70 years primarily received supportive care only throughout
the entire study period (Figure 1a).
The use of chemotherapy for APL increased over time in all age

groups (including patients 470 years of age) and this trend was
most evident among patients 18–40 years of age (Figure 1b). The
application of SCTs for APL decreased over time and has become
very uncommon in the most recent calendar period.

Trial participation
All clinical AML trials in the Netherlands use intensive induction
chemotherapy courses, followed by a particular consolidation
therapy (that is, another course of intensive chemotherapy,
auto-SCT or allo-SCT) within the trial. The decision to proceed to
a particular consolidation therapy is based on the following
patient- and disease-related characteristics: age, type and severity
of comorbidity, leukemia-related prognostic factors (that is,
cytogenetics and molecular genetics) and donor availability.
Inclusion rates into clinical trials according to age are shown in

Figure 2. The overall inclusion rate when a clinical trial was open
for accrual in the Netherlands was 68%, 57%, 30% and 12% for
patients with AML 18–40, 41–60, 61–70 and 470 years of age,
respectively. 90%, 85%, 73% and 35% of the patients aged 18–40,
41–60, 61–70 and 470 years who had not been entered into a
clinical trial and survived at least 30 days after diagnosis did
receive intensive therapy (chemotherapy, auto-SCT and allo-SCT)
outside the context of a clinical trial, respectively.

Survival
The overall 5-year RSRs increased from 12% (95% CI: 11–14%) in
1989–1994 to 20% (95% CI: 18–21%) in 2007–2012 among adult
patients with AML and from 45% (95% CI: 35–54%) in 1989–1994
to 66% (95% CI: 58–74%) in 2007–2012 among adult patients with
APL (Supplementary Figure S2). Large survival differences among
the different regions were not noted during the study period
(data not shown).
One- and 5-year RSRs only improved over time in patients with

AML 70 years of age or younger (Figures 3a–c), although it was
most pronounced among patients 18–40 and 41–60 years of age,
especially in the most recent calendar period (Figures 3a and b).
To investigate the possible contributions for the marked survival
improvement among 18–60-year olds (Figures 3a and b and 4a),
we estimated the OS for these patients according to treatment
and calendar period of diagnosis. Five-year OS was the highest for
recipients of an allo-SCT, namely 52% (95% CI: 47–57%) in the
most recent calendar period (Figure 4b). In that same calendar
period, 5-year OS was 35% (95% CI: 30–39%) for patients who
received chemotherapy and auto-SCT (Figure 4c). Interestingly,
the OS of the latter group increased over time; however, not as
much as in the total group (Figure 4a), which also includes
recipients of an allo-SCT. Survival among patients older than 70
years of age remained comparatively low throughout the calendar
periods studied (Figure 3d).
Overall improvements in RSRs were more pronounced in APL

than in AML. Baseline survival among patients with APL 60 years
of age or younger was relatively high in the first calendar period
under study (Figures 5a and b). One- and 5-year RSRs increased
most notably among patients older than 60 years of age
(Figures 5c and d).
The overall early death rate, that is, death within 30 days from

diagnosis, was 24% and 20% among patients with AML and APL,
respectively. Early death rates of patients with AML and APL
according to age and calendar period of diagnosis are shown in
Supplementary Figure S3. The probability of early death only
decreased for patients with AML diagnosed in the calendar period
2007–2012 compared with patients diagnosed in the calendar

period 1989–1994 as shown in Supplementary Table S3 by
multivariate logistics regression analysis (odds ratio, 0.79; 95% CI:
0.69–0.89; Po0.001). For patients with APL, the decrease in the
probability of early death did not reach statistical significance.

DISCUSSION
Most published population-based cancer registry studies in AML
provide information on survival at the population level,2,3,21,35–37

whereas only a few assessed the application of various
treatments.22,38,39 Further, long-term data are lacking on trial
participation in an unselected AML population. Here we present
comprehensive population-based assessments on treatment, trial
participation and survival in an unselected AML population during
a 24-year period.
The incidence of AML in the Netherlands appears comparable

with data in reports from other Western countries.2,3,21 Trends in
APL incidence are in agreement with data from Sweden,40 that is,
a lower incidence and a higher median age at diagnosis compared
with other population-based reports,3,41–43 and gender differences

Figure 4. Overall survival (OS) of patients with AML 18–60 years of
age according to treatment and calendar period of diagnosis,
1989–2012. Kaplan–Meier estimates of OS according to (a) all
treatment choices (that is, supportive care only, chemotherapy,
allo-SCT and auto-SCT), (b) allo-SCT and (c) chemotherapy (CT) and
auto-SCT.
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regarding age-specific incidence rates. These findings support
previously noted differences in APL incidence between North-
western Europe40 and other areas such as Southern Europe41 and
Latin America.42

Some improvements in survival were observed in this study
among patients with AML 70 years of age or younger, with the
major improvement taking place during the most recent calendar
period (2007–2012). The improvements in survival might be
related to better post-remission therapies. In our population-
based study, we showed that patients treated with intensive
chemotherapy or auto-SCT as well as patients undergoing allo-SCT
show improved outcome over time. These results compare well
with those observed in Sweden, which also suggest improved
outcome in regions with an increased application of intensive
therapy.44 The increased application of allo-SCT is in line with
reports from SCT registries.45,46 Several factors may have
contributed to an overall increased application of allo-SCT. First,
following the initial study by Slovak et al,47 subsequent meta-
analysis have shown that allo-SCT more strongly reduces relapse
in patients in first complete remission as compared with
alternative post-remission strategies.16,48 Still, the indication for
allo-SCT in first remission for specific prognostic subgroups
(for example, intermediate risk) is not yet clearly settled.49 Second,
the increased availability of alternative donors, leading to a
possible donor for the majority of AML patients nowadays.50 Third,
the advent of reduced-intensity condition regimes and improved
supportive care possibilities leading to a reduction of nonrelapse
mortality and a safer application of allo-SCT.51

It is notable that the survival among patients with AML older
than 70 years of age did not improve since the early 1990, which
was also observed in other population-based studies.21,35–37 The
majority of patients older than 70 years of age are often
unsuitable candidates for intensive and potentially curative

therapy due to comorbidities and poor performance status.
However, a subset of patients 70–79 years of age may benefit
from intensive chemotherapy compared with palliation alone as
shown by population-based data from Sweden.22 Therefore, it is
important to identify elderly patients that are likely to benefit from
intensive therapy by using prognostic models, including comor-
bidity index scores and geriatric assessments, which aid in
treatment decision making.5,6,52,53 For those patients deemed
ineligible for intensive therapy, a subset might benefit from less
intensive disease-modifying agents such as the hypomethylating
agents azacitidine54,55 and decitabine.56

Randomized controlled clinical trials are essential in order to
assess new interventions and to establish evidence-based clinical
practice guidelines. We show that around 40% of patients with
AML up to 60 years of age were not included in clinical trials;
however, around 90% of those patients received intensive
treatment outside the setting of a clinical study. The accrual rates
of patients with AML decreased rapidly above the age of 60 years,
a phenomenon also observed in other cancer trials.57 Based on
findings from the few regional studies in AML, the most frequent
reasons for noninclusion were: advanced age; comorbidities and
an antecedent malignancy, including a hematologic malignancy
(for example, myelodysplastic syndromes).23–25 In the Netherlands,
all residents are legally obliged to take out a Dutch health care
insurance policy.58 Issues of insurance coverage are not prohibi-
tive for Dutch patients to participate in a clinical trial. Thus there is
a need for specific clinical trials with innovative treatment
approaches in patients who are not eligible for current clinical
trials, particularly for elderly patients.
The introduction of all-trans retinoic acid in the mid-1980 s

dramatically changed the management of APL as it became a
highly curable disease with cure rates exceeding 70% and early
death rates around 10% in large clinical trials.59,60 However, in our

Figure 5. Relative survival rates (RSRs) of adult patients diagnosed with APL in the Netherlands according to age at diagnosis and calendar
period of diagnosis, 1989–2012. RSRs are shown according to the following age categories: (a) 18–40 years; (b) 41–60 years; (c) 61–70 years
and (d) 470 years. The table presents the 1- and 5-year RSRs with 95% confidence intervals (CIs) according to age at diagnosis and calendar
period of diagnosis.

Comprehensive population-based assessments in AML
AG Dinmohamed et al

29

© 2016 Macmillan Publishers Limited Leukemia (2016) 24 – 31



study and other population-based studies,40,43 long-term survival
was lower and early death rates substantially higher despite the
availability of all-trans retinoic acid in clinical practice. Never-
theless, we show that survival of APL improved over time across all
age groups, especially among patients older than 60 years of age,
which partially might be explained by augmented disease
awareness and use of anthracycline-based chemotherapy with
concurrent all-trans retinoic acid as a standard of care in the
Netherlands.9

Limitations of our study in AML and APL include changes in
classification and registration practice over time. Detailed data on
clinical (for example, comorbidity and performance status) and
disease-related characteristics (for example, cytogenetics and
molecular analysis) are not yet available in the NCR. Nevertheless,
cancer registries remain the gold standard for ascertaining trends in
incidence, treatment and survival in the general patient population.
In conclusion, in this comprehensive population-based study, we

found that survival improved over the last two decades among
patients with AML 70 years of age or younger and among patients
with APL across all age groups. This is likely due to the increased use
of intensive, curative treatment strategies. The inclusion of patients
with AML in clinical trials decreased progressively with older age.
Therefore, clinical trials that include geriatric and comorbidity indices
should be specifically designed for the elderly AML population in
order to establish evidence-based clinical practice guidelines.
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