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A B S T R A C T

Purpose
To evaluate the prognostic significance of the international European LeukemiaNet (ELN)
guidelines for reporting genetic alterations in acute myeloid leukemia (AML).

Patients and Methods
We analyzed 1,550 adults with primary AML, treated on Cancer and Leukemia Group B first-line
trials, who had pretreatment cytogenetics and, for cytogenetically normal patients, mutational
status of NPM1, CEBPA, and FLT3 available. We compared complete remission (CR) rates,
disease-free survival (DFS), and overall survival (OS) among patients classified into the four ELN
genetic groups (favorable, intermediate-I, intermediate-II, adverse) separately for 818 younger
(age � 60 years) and 732 older (age � 60 years) patients.

Results
The percentages of younger versus older patients in the favorable (41% v 20%; P � .001),
intermediate-II (19% v 30%; P � .001), and adverse (22% v 31%; P � .001) genetic groups
differed. The favorable group had the best and the adverse group the worst CR rates, DFS, and OS
in both age groups. Both intermediate groups had significantly worse outcomes than the favorable
but better than the adverse group. Intermediate-I and intermediate-II groups in older patients had
similar outcomes, whereas the intermediate-II group in younger patients had better OS but not
better CR rates or DFS than the intermediate-I group. The prognostic significance of ELN
classification was confirmed by multivariable analyses. For each ELN group, older patients had
worse outcomes than younger patients.

Conclusion
The ELN classification clearly separates the genetic groups by outcome, supporting its use for
risk stratification in clinical trials. Because they have different proportions of genetic
alterations and outcomes, younger and older patients should be reported separately when
using the ELN classification.

J Clin Oncol 30:4515-4523. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Identification of patients with acute myeloid leuke-
mia (AML) who would likely respond to current
therapies and those who are less likely to do well and
are potential candidates for more aggressive treat-
ment is of major clinical importance. Acquired cy-
togenetic and molecular alterations at diagnosis are
among the most important independent factors
used to stratify patients with AML into prognostic
categories.1-4 Although the existing cytogenetic risk
classifications of AML agree that patients with core-

binding factor AML (CBF-AML) with t(8;21)
(q22;q22) or inv(16)(p13.1q22)/t(16;16)(p13.1;q22)
should be classified in the favorable-risk, those with
cytogenetically normal AML (CN-AML) in the
intermediate-risk, and those with a complex karyo-
type in the adverse-risk categories, these classifica-
tions differ in the way patients with many remaining
recurrent cytogenetic abnormalities are classified.5-11

Moreover, none of these classifications include the
results of molecular analyses, convincingly shown to
provide important prognostic information, espe-
cially for patients with CN-AML.3,4
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Therefore, in 2010, an international expert panel, working on
behalf of the European LeukemiaNet (ELN), proposed a standard-
ized system for reporting cytogenetic and selected molecular ab-
normalities in studies correlating genetic findings with treatment
outcome in AML to facilitate meaningful comparisons among
studies.12 This system stems from the 2008 revision of the WHO
classification of myeloid neoplasms and acute leukemia13 and is
based on published data on the prognostic significance of cyto-
genetic5-10,14-16 and molecular3,17-32 alterations. The novel aspect of
the ELN classification is that it divides patients with CN-AML into
genetic groups according to molecular alterations recognized in the
WHO classification, namely NPM1, CEBPA, and FLT3 mutations. To

the best of our knowledge, the ability of the four ELN genetic groups
(hereafter referred to as “ELN groups”) favorable, intermediate-I,
intermediate-II, and adverse (Table 1) to predict treatment outcome
has not been tested in large cohorts of similarly treated patients, except
for a recent study33 comprising patients with primary (de novo) and
secondary AML. If the prognostic utility of ELN classification could be
convincingly demonstrated, its use would become essential for risk
stratification of patients with AML in prospective clinical trials. Hence,
we have applied the ELN classification to a relatively large cohort of
1,550 adult patients with AML to assess its usefulness for the prognos-
tic classification of both younger (age � 60 years) and older (age � 60
years) patients. To avoid the confounding effects of AML type (pri-
mary v secondary) and different postremission therapies (chemother-
apy v allogeneic stem-cell transplantation [SCT]), we included only
patients with primary AML enrolled onto Cancer and Leukemia
Group B (CALGB) first-line treatment trials who did not undergo
allogeneic SCT in first complete remission (CR) per protocol. As
recommended by ELN, we also analyzed outcomes of patients belong-
ing to genetic subsets within each ELN group to gain further insights
into the ELN classification.

PATIENTS AND METHODS

Patients Studied

All patients were enrolled onto CALGB 8461, a prospective cytogenetics
companion study,7 between 1985 and 2006. Only patients diagnosed with
primary AML, defined by WHO criteria13 (except for acute promyelocytic
leukemia), who had pretreatment cytogenetic results were eligible. All patients
with CN-AML with material available were tested for an FLT3 internal tandem
duplication (FLT3-ITD) and NPM1 and CEBPA mutations. The patients
were enrolled onto CALGB first-line treatment protocols (Fig 1; Data
Supplement).34-41 Per protocol, no patient received allogeneic SCT in first CR.
The median follow-up time for living patients was 7.5 years (range, 0.6 to 19.1
years). All protocols were approved by the institutional review board of each
participating institution, and written informed consent was obtained from all
patients before enrollment in accordance with the Declaration of Helsinki.

Cytogenetic Studies

Cytogenetic analyses of bone marrow (BM) and/or blood were per-
formed in institutional CALGB cytogenetics laboratories. Karyotypes were

Table 1. European LeukemiaNet Standardized Reporting System for
Correlation of Cytogenetic and Molecular Genetic Data in AML With

Clinical Data12

Genetic Group Subsets

Favorable t(8;21)(q22;q22); RUNX1-RUNX1T1
inv(16)(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11
Mutated NPM1 without FLT3-ITD (normal karyotype)
Mutated CEBPA (normal karyotype)

Intermediate-I Mutated NPM1 and FLT3-ITD (normal karyotype)
Wild-type NPM1 and FLT3-ITD (normal karyotype)
Wild-type NPM1 without FLT3-ITD (normal karyotype)

Intermediate-II t(9;11)(p22;q23); MLLT3-MLL
Cytogenetic abnormalities not classified as favorable

or adverse
Adverse inv(3)(q21q26.2) or t(3;3)(q21;q26.2); RPN1-EVI1

t(6;9)(p23;q34); DEK-NUP214
t(v;11)(v;q23); MLL rearranged
–5 or del(5q)
–7
abnl(17p)
Complex karyotype�

Abbreviations: AML, acute myeloid leukemia; ITD, internal tandem duplication.
�Complex karyotype is defined as three or more chromosome abnormal-

ities in the absence of one of the WHO designated recurring translocations
or inversions: t(8;21), inv(16) or t(16;16), t(15;17), t(9;11), t(v;11)(v;q23),
t(6;9), inv(3) or t(3;3).

Patients with primary AML enrolled on companion protocol CALGB
8461 and treatment protocols CALGB 8525, 8923, 9420, 9621, 9720, 19808, or 10201

(N = 3,109)

Cytogenetics not accepted
(n = 627)

Excluded 
   Allogeneic SCT outside of protocol in first CR
   Inadequate treatment
   Unknown follow-up
   Cytogenetically normal patients with AML 
      with no tissue available for FLT3-ITD, NPM1 
      and CEBPA mutation analyses

(n = 932)
(n = 84)

(n = 482)
(n = 1)

(n = 365)

Cytogenetics accepted 
(n = 2,482)

Patients included in our study 
(n = 1,550)

Fig 1. Overview of the study design.
AML, acute myeloid leukemia; CALGB,
Cancer and Leukemia Group B; CR, com-
plete remission; ITD, internal tandem du-
plication; SCT, stem-cell transplantation.
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interpreted according to the International System for Human Cytogenetic
Nomenclature,42 and results were confirmed by central review.43 The diagno-
sis of CN-AML was based on the analysis of � 20 metaphases from BM
subjected to short-term (24- to 48-hour) culture.

Analyses of FLT3-ITD and NPM1 and CEBPA Mutations

All patients with CN-AML were enrolled onto companion protocols
CALGB 9665 (leukemia tissue bank) and CALGB 20202 (molecular studies in
AML). Mononuclear cells were enriched through Ficoll-Hypaque gradient
centrifugation and were cryopreserved. Genomic DNA and total RNA were
extracted from BM or blood with � 20% blasts, and FLT3-ITD20 and
NPM122,25 and CEBPA29 mutations were analyzed centrally.

Statistical Analyses

The primary aim of our study was to assess differences in clinical out-
come of patients with AML who were categorized into the ELN groups (Table
1). As recommended by ELN, we also tested for outcome differences among
genetic subsets within each ELN group. Baseline characteristics were com-
pared by using Fisher’s exact test for categorical variables and Wilcoxon rank-
sum and Kruskal-Wallis tests for continuous variables (Data Supplement).
Clinical end points were defined according to published recommendations
(Data Supplement).44 For time-to-event analyses, survival estimates were cal-
culated by using the Kaplan-Meier method, and groups were compared by
using the log-rank test. The Holm step-down procedure and Sidak adjust-
ment, respectively, were used to adjust P values for multiple comparisons for
CR and survival analyses concerning subsets within ELN groups.45 We con-
structed multivariable logistic regression models to analyze factors for CR
achievement and multivariable Cox proportional hazards models for factors
associated with survival end points (Data Supplement). All analyses were
performed by the Alliance for Clinical Trials in Oncology Statistics and
Data Center.

RESULTS

Pretreatment Characteristics and the Distribution of

ELN Groups

The median age of all patients was 58 years (range, 17 to 86 years),
and 55% were male. This patient population comprised 818 adults age
younger than 60 years and 732 patients age 60 years or older. For
baseline clinical features and outcomes of younger and older patients
and pretreatment features of each ELN group in younger and older
patients, see the Data Supplement.

Among all patients, 31% were classified in the favorable, 18% in
the intermediate-I, 24% in the intermediate-II, and 26% in the adverse
group. However, the distribution of ELN groups among younger and

older patients differed significantly (Fig 2). The proportion of younger
patients classified in the favorable group was twice that in older pa-
tients (P � .001), whereas the proportion of younger intermediate-II
(P � .001) and adverse (P � .001) groups was only about two thirds
that of the respective ELN groups in older patients. The proportion of
younger and older patients classified in the intermediate-I group was
similar (P � .64).

The proportion of genetic subsets within ELN groups also
differed by age (Fig 3). Although more than half the younger
patients in the favorable group (Fig 3A) had CBF-AML, only one
fourth of older patients did (P � .001). Conversely, patients with
CN-AML who had the NPM1 mutation without FLT3-ITD (hereaf-
ter designated NPM1-mut [mutation]/FLT3-ITD–) were twice as
common among older as among younger patients (P � .001). In the
intermediate-I group (Fig 3B), a larger proportion of younger patients
had mutated NPM1 and FLT3-ITD (NPM1-mut/FLT3-ITD�;
P� .006), and a smaller proportion had wild-type (wt) NPM1 without
FLT3-ITD (NPM1-wt/FLT3-ITD–; P � .01) compared with older
patients. In the intermediate-II group (Fig 3C), t(9;11)(p22;q23) was
more common in younger patients, and the other abnormalities were
more common in older patients. Most younger patients (65%) and
older patients (75%) in the adverse group (Fig 3D) had a complex
karyotype (P � .04), but among the remaining patients, balanced
abnormalities (ie, inv(3)(q21q26.2)/t(3;3)(q21;q26.2) (P � .03); t(6;
9)(p23;q34) (P � .02); t(v;11)(v;q23) (P � .01)) were found predom-
inantly in younger patients and �7 (P � .02) was found in older
patients. These data show that distributions of the ELN groups and
subsets differ significantly between younger and older patients, under-
scoring the existence of important biologic differences between age
groups and strongly supporting the need to assess the impact of ELN
classification on outcome separately for younger and older adults.

Clinical Outcomes According to ELN Groups

Because of the aforementioned genetic differences and more
intensive consolidation treatment received by younger patients, we
performed outcome analyses separately for younger and older pa-
tients. CR rates differed among the ELN groups for both younger
(P � .001) and older (P � .001) patients, with the highest rates
observed in the favorable groups (96% and 83%, respectively) and the
lowest rates observed in the adverse groups (50% and 39%, respec-
tively; Table 2). Adjusted pairwise comparisons among the ELN

BA

Intermediate-I
18%

Favorable
41%

Adverse
22%

Intermediate-II
19%

Intermediate-I
19%

Favorable
20%

Adverse
31%

Intermediate-II
30%

Fig 2. Distribution of the European Leu-
kemiaNet genetic groups in younger (A)
and older (B) adults with primary acute
myeloid leukemia. The favorable group is
more (P � .001) and the intermediate-II
and adverse groups are less (P � .001)
common among younger patients com-
pared with older patients.

Prognostic Significance of the ELN Classification of Primary AML

www.jco.org © 2012 by American Society of Clinical Oncology 4517



groups yielded significant differences for all comparisons except for
those between the intermediate-I and intermediate-II groups for
which CR rates were not different in either younger (76% v 79%;
P � .58) or in older (61% v 63%; P � .82) patients.

Similarly, disease-free survival (DFS; P � .001 and P � .001)
and overall survival (OS; P � .001 and P � .001) differed across the
ELN groups in younger and older patients. Patients in the favorable
group had the longest and those in the adverse group the shortest
DFS and OS, with patients classified in the intermediate-I and
intermediate-II groups having DFS and OS significantly worse
than those in the favorable group but significantly better than those
in the adverse group (Table 2; Fig 4). Although OS of younger
intermediate-II group patients was longer than that of younger
intermediate-I group patients (3-year rates, 45% v 28%; P � .02;
Table 2; Fig 4B), DFS (P � .33) in younger and DFS (P � .99) and
OS (P � .99) in older patients in the intermediate-I and
intermediate-II groups were similar.

To determine whether ELN groups remain associated with out-
come when controlling for established prognostic factors in AML, we
performed multivariable analyses. For both age groups, CR rates, DFS,

and OS remained better for patients in the favorable group and worse
for patients in the adverse group compared with those in other ELN
groups (P � .001 for all comparisons) after adjustment for other
variables (Fig 5; Data Supplement).

In the multivariable modeling, we found that, compared with the
favorable group, patients in the younger adverse group had almost 21
times lower odds of attaining CR, a 4.4 times increased risk of relapse
or death, and a more than five times higher risk of death, whereas older
adverse group patients had nine times lower odds of achieving CR, 2.6
times increased risk of relapse or death, and 3.7 times increased risk of
death (Fig 5; Data Supplement).

Similarly, younger and older patients in the intermediate-I group
had, respectively, approximately seven and three times lower odds of
attaining CR, and these odds were also six and three times lower for the
younger and older patients in the intermediate-II group than for those
in the favorable group. Compared with the favorable group, the risk of
relapse or death was increased 2.5-fold for younger and 1.7-fold for
older patients in the intermediate-I group and almost two-fold for
younger and 1.6-fold for older patients in the intermediate-II group.
Likewise, the risk of death was increased 2.7-fold for younger and
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Fig 3. Distribution of the genetic subsets within European LeukemiaNet genetic groups in younger and older adults with primary acute myeloid leukemia (AML). (A)
The favorable group consists of four genetic subsets. The first two subsets are patients with core-binding factor AML (CBF-AML) with either t(8;21) (ie,
t(8;21)(q22;q22)/RUNX1-RUNX1T1) or inv(16)/t(16;16) (ie, inv(16)(p13.1q22) or t(16;16)(p13.1;q22)/CBFB-MYH11). The second two subsets are patients with
cytogenetically normal AML (CN-AML) with either NPM1-mut/FLT3-ITD– (ie, mutated NPM1 without FLT3-ITD [internal tandem duplication]) or CEBPA-mut (ie, mutated
CEBPA). (B) The intermediate-I group consists of three genetic subsets of patients with CN-AML and either NPM1-mut/FLT3-ITD� (ie, mutated NPM1 and FLT3-ITD)
or NPM1-wt/FLT3-ITD� (ie, wild-type NPM1 and FLT3-ITD) or NPM1-wt/FLT3-ITD– (ie, wild-type NPM1 without FLT3-ITD). (C) The intermediate-II group consists of
two genetic subsets of patients with either t(9;11) (ie, t(9;11)(p22;q23)/MLLT3-MLL) or other abnormalities (ie, cytogenetic abnormalities not classified as favorable or
adverse). (D) The adverse group consists of seven genetic subsets: (1) inv(3)/t(3;3) (ie, inv(3)(q21q26.2) or t(3;3)(q21;q26.2)/RPN1-EVI1), (2) t(6;9) (ie, t(6;9)(p23;q34)/
DEK-NUP214), (3) t(v;11) (ie, t(v;11)(v;q23)/MLL rearranged), (4) �5/del(5q) (ie, monosomy of chromosome 5 or deletion of q), (5) �7 (ie, monosomy of chromosome
), (6) abnl(17p) (ie, abnormalities of the short arm or chromosome ; no patient had this abnormality in our study), or () “complex karyotype” (ie, a complex karyotype
containing three or more cytogenetic abnormalities).

Mrózek et al

4518 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



two-fold for older patients in the intermediate-I group and 1.7-fold for
younger and almost two-fold for older patients in the intermediate-II
group (Fig 5; Data Supplement).

Although direct comparisons between younger and older pa-
tients are limited by the fact that their treatment differed in inten-
sity and the biology of the disease also differs, as exemplified by
significant differences in the incidence of ELN groups (Fig 2) and
subsets (Fig 3) between age groups, it is striking that for each ELN
group, the outcome was worse for older patients (Fig 4). Conse-
quently, DFS and OS of older patients in the favorable group were
similar to those of younger patients in the intermediate-I group
(Data Supplement), and DFS and OS of older patients in the
intermediate-I and intermediate-II groups were similar to those of
younger patients in the adverse group (Data Supplement).

Clinical Outcome of Patients Belonging to Genetic

Subsets Within ELN Groups

The ELN guidelines recommend reporting response rates and
outcome measures for specific subsets within each ELN group if suf-
ficient numbers of patients are available.

ELN Favorable Group

Among younger patients, there was an overall difference in CR
rates among the subsets (P � .04); although all CR rates were high, the
highest were 99% and 98% for t(8;21) and inv(16) patients, respec-
tively, and the lowest were 92% and 93% for patients with NPM1-
mut/FLT3-ITD– and those with CEBPA mutations, respectively. In

older patients, those with CBF-AML again had the highest CR rates
(95% for t(8;21); 89% for inv(16)); the lowest CR rate, 69%, was
observed in patients with CEBPA-mut (Data Supplement).

Although in younger patients DFS (P � .93) and OS (P � .30)
were similar for all subsets, we found differences in OS (P � .02) but
not DFS (P � .21) for older patients (Data Supplement). The overall
difference in OS was likely affected by a shorter OS of older patients
with CEBPA-mut compared with t(8;21) patients (adjusted P � .03;
3-year rates, 21% v 47%).

ELN Intermediate-I Group

Analysisofsubsetswithinthisgrouprevealeddifferenceswithregard
to CR rates (P � .02) and OS (P � .06; Data Supplement) only among
older patients. Older NPM1-mut/FLT3-ITD� patients had the highest
CR rate (75%) and longest OS, and NPM1-wt/FLT3-ITD� patients had
thelowestCRrate(44%)andshortestOS(DataSupplement).Allpatients
in the latter subset died within 26 months after diagnosis.

ELN Intermediate-II Group

This group contains two subsets, one comprising patients with
t(9;11)(p22;q23) and the other including a heterogeneous set of pa-
tients harboring cytogenetic abnormalities not included in the favor-
able or adverse groups. A comparison of these subsets produced
different results in younger and older patients (Data Supplement). In
the former, despite similar CR rates (82% for t(9;11) v 78% for other
abnormalities; P � 1.00), t(9;11) patients had a longer DFS (P � .04;
3-year rates, 57% v 31%) but not OS (P � .20) than those with other

Table 2. Treatment Outcomes of Younger (age � 60 years) and Older (age � 60 years) Patients With Primary Acute Myeloid Leukemia According to European
LeukemiaNet Genetic Groups

Outcome End Point

Favorable Intermediate-I Intermediate-II Adverse

PNo. % 95% CI No. % 95% CI No. % 95% CI No. % 95% CI

Younger patients (n � 818) (n � 339) (n � 144) (n � 156) (n � 179)
Complete remission rate 324 96 109 76 123 79 90 50 � .001a

Disease-free survivalb .001c

Median, years 5.5 0.8 1.2 0.6
Disease-free at 3 years 55 49 to 60 23 16 to 31 34 26 to 45 10 5 to 17

Overall survivald � .001e

Median, years 11.5 1.2 2.1 0.8
Alive at 3 years 66 60 to 70 28 21 to 36 45 37 to 52 12 8 to 18

Older patients (n � 732) (n � 145) (n � 136) (n � 222) (n � 229)
Complete remission rate 120 83 83 61 139 63 89 39 � .001a

Disease-free survivalf � .001g

Median, years 1.1 0.6 0.7 0.5
Disease-free at 3 years 24 17 to 32 10 5 to 17 11 6 to 16 6 2 to 12

Overall survivalh � .001a

Median, years 1.6 0.9 0.9 0.5
Alive at 3 years 33 25 to 41 11 6 to 17 16 11 to 21 3 2 to 6

aThe adjusted pairwise comparisons for favorable v intermediate-I, favorable v intermediate-II, favorable v adverse, intermediate-I v adverse, and intermediate-II v
adverse were statistically significant, whereas there was no significant difference between the intermediate-I and intermediate-II groups.

bThe median follow-up time for younger patients who had not had an event was 7.9 years (range, 0.6-19.1 years).
cThe adjusted pairwise comparisons for favorable v intermediate-I, favorable v intermediate-II, favorable v adverse, and intermediate-II v adverse were statistically

significant, whereas there was no significant difference between the intermediate-I and intermediate-II and between intermediate-I and adverse groups.
dThe median follow-up time for younger patients alive was 7.6 years (range, 0.6-19.1 years).
eAll adjusted pairwise comparisons were significant.
fThe median follow-up time for older patients who had not had an event was 5.9 years (range, 4.4-16.4 years).
gThe adjusted pairwise comparisons for favorable v intermediate-I, favorable v intermediate-II, and favorable v adverse were statistically significant. There were

trends for longer disease-free survival of intermediate-I and intermediate-II groups when compared with the adverse group, whereas there was no significant
difference between the intermediate-I and intermediate-II groups.

hThe median follow-up time for older patients alive was 6.1 years (range, 2.3-16.4 years).
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abnormalities. In contrast, older t(9;11) patients had a higher CR rate
than those with other abnormalities (92% v 61%, P � .03), but their
DFS was worse (P � .03; 3-year rates, 0% v 12%); OS was not
significantly different (P � .24). The seemingly differing responses to
treatment of subsets in younger and older patients are likely caused by
cytogenetic heterogeneity of the other abnormalities subset in both
age groups.

ELN Adverse Group

This group consists of several genetic subsets, of which the com-
plex karyotype subset is the largest, constituting 65% of younger and
75% of older patients. In both age groups, the adverse group subsets
differed with regard to CR rates (P� .001 for younger patients; P� .05
for older patients) and OS (P � .09 for younger patients; P � .10 for
older patients). DFS also differed in older patients (P � .08), but too
few younger patients achieved CR for analysis (Data Supplement).

Among younger patients, those with t(v;11)/MLL-rearranged
(n � 26) had a high CR rate of 81%, higher than CR rates of patients
with inv(3)/t(3;3) (20%; n � 15; adjusted P � .001), of those with a
complex karyotype (48%; n � 117; adjusted P � .01), and of patients
with �7 (33%; n � 9; adjusted P � .06). In older patients, who
generally had lower CR rates, t(v;11)/MLL-rearranged patients
(n � 14) also had the highest CR rate (57%), whereas those with
inv(3)/t(3;3) (n � 7) again fared poorly (14%), as did patients with
del(5q) (n � 8), none of whom attained CR. DFS and OS were short
for all genetic subsets in both age groups (Data Supplement).

DISCUSSION

Our large study with prolonged follow-up demonstrates that applica-
tion of the ELN reporting system to classify patients with AML allows
a prognostic separation of the favorable and adverse groups from each
other and from both intermediate groups. This has been achieved for
all outcome end points analyzed and was shown to be independent
from other prognostic factors by multivariable analyses. Moreover,
the association of ELN groups with outcome was evident not only in
younger adults, known to constitute a more prognostically heteroge-
neous patient population, but also in patients age 60 years or older,
whose outcomes are generally worse,9,10,12 which makes discerning
prognostically different subgroups in these patients more difficult.
Our data also show that older patients, who received less intensive
treatment, consistently had worse outcomes than younger patients
classified in the same ELN group.

Although the ELN guidelines do not specify age of patients to be
classified,12 a salient finding of our study is a demonstration that the
distribution of all ELN groups except intermediate-I differs signifi-
cantly between younger and older patients, as do distributions of sev-
eral genetic subsets within each ELN group, including intermediate-I.
These data are consistent with previous reports showing age-related
differences in the distribution of particular cytogenetic abnormali-
ties46,47 and strongly support the notion that the ELN classification
should be applied to younger and older patients separately.
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Fig 4. Outcome of patients with primary acute myeloid leukemia classified into the four European LeukemiaNet genetic groups according to the European
LeukemiaNet recommendations. (A) Disease-free survival and (B) overall survival of patients younger than age 60 years; (C) disease-free survival and (D) overall survival
of patients age 60 years or older.
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We observed a difference between younger and older patients
concerning the intermediate-I and intermediate-II groups. Outcomes
of older patients in these groups were virtually identical, whereas in
younger patients, the intermediate-II group had a significantly longer
survival than the intermediate-I group. Similar results (ie, no differ-
ence in outcome between the two intermediate groups in older pa-
tients and a better OS and relapse-free survival for the intermediate-II
group in younger patients treated with chemotherapy) have been
reported by Röllig et al,33 although only 80% of patients in their series

had primary AML. However, these differences disappeared for pa-
tients undergoing allogeneic SCT,33 which underlines the significance
of the treatment type for prognostic stratification.

The reasons for better outcome of younger, but not older, patients
treated with chemotherapy in the intermediate-II as opposed to the
intermediate-Igroupareunknown.Thedisparateresultsare likelyrelated
to marked cytogenetic heterogeneity of the other abnormalities subset in
the intermediate-II group, which comprises numerous recurrent abnor-
malities. These outcome differences may also stem from a previously
described phenomenon—that the prognostic significance of the same
genetic alteration may vary in younger and older patients with
AML.22,24,25 For instance, in younger patients, NPM1 mutations confer
favorable prognosis mainly in the absence of FLT3-ITD,22,24 whereas in
older patients, NPM1 mutations constitute a favorable prognostic factor
independent from other molecular prognosticators.25 Likewise, younger
patients with t(9;11) in our study had significantly longer DFS (P � .001)
and OS (P � .001) than older patients with this translocation, and their
DFS (P � .04) was longer than DFS of younger patients in the other
abnormalities subset. In contrast, DFS of older t(9;11) patients was worse
than DFS of patients with other abnormalities.

In summary, our large study of primary AML demonstrates a
clear prognostic separation among the ELN genetic groups. This es-
tablishes clinical utility of the ELN classification and thus supports the
mandatory application of this classification in future studies correlat-
ing genetic findings with clinical outcome and its use for risk-
stratification of patients with AML in prospective clinical trials.
However, to best capture the prognostic information provided by the
ELN classification, younger and older patients should be considered
separately because they differ with respect to the incidence of genetic
alterations and outcome. We hope that addition of further genetic
markers, such as those preliminarily tested in the context of the ELN
classification (eg, TET2,48 ASXL1,49 RUNX150 mutations, FLT3-ITD
allelic ratio33) and novel ones emerging from next-generation se-
quencing51,52 may, if their prognostic value is confirmed, refine the
accuracy of patient risk stratification in clinical trials using the
ELN classification.
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