LETTERS TO THE EDITOR
Impact of additional genetic alterations on the
outcome of patients with NPM1-mutated
cytogenetically normal acute myeloid leukemia
Nucleophosmin 1 gene (NPM1) mutations are found in
approximately 50% of cytogenetically normal acute
myeloid leukemia (CN-AML).1 NPM1-mutated CN-AML is
one provisional entity of the revised World Health
Organization (WHO) 2008 classification. Numerous studies have consistently established that NPM1 mutations are
associated with a better outcome. Internal tandem duplications (ITDs) of the FLT3 gene are also frequent in CN-AML,
but associated with a poor prognosis. Due to their high frequencies and consistent impacts, both NPM1 mutations
and FLT3-ITDs contribute to the European LeukemiaNet
(ELN) classification of CN-AML.2 Nonetheless, these observations have been made before the description of other
mutations also frequently found in CN-AML and potentially capable to alter patient outcome. This includes epigenetic IDH,3,4 TET2,5 and DNMT3A gene mutations,6-8 all found
in 20%-30% of CN-AML cases. With the aim of assessing
the role of these additional mutations, we performed a
multivariable analysis in a cohort of 393 adult patients of all
ages with NPM1-mutated CN-AML intensively treated in
consecutive trials from the Acute Leukemia French
Association (ALFA).
Cytogenetic results were centrally reviewed. Normal
karyotype was defined as 20 or more normal metaphases
without abnormal metaphases. Detection of exon 12
NPM1 mutation was centrally performed on genomic DNA
by polymerase chain reaction (PCR) and fragment analysis,
as described. In addition, the following gene mutations
were centrally screened using standard-PCR methods and
Sanger sequencing: FLT3-ITD, FLT3-TKD (D835/I836),
IDH1-R132, IDH2-R172, IDH2-R140, TET2 and DNMT3A
(exons 8-9, 11-23). We analyzed recurrent R882 mutations
and all other DNMT3A mutations apart, as it was suggested
their biology and clinical impacts may differ.7,8 Patients
were treated between 1999 and 2012 in the ALFA-9801
(clinicaltrials.gov identifier 00931138),9 ALFA-9802 (clinicaltrials.gov identifier 00880243),10 ALFA-9803 (clinicaltrials.gov
identifier 00363025),11 ALFA-0701 (clinicaltrials.gov identifier
00927498) trials,12 and the unpublished ALFA-0702 trial

(clinicaltrials.gov identifier 00932412). Trials were conducted
in accordance with the Declaration of Helsinki. All patients
gave informed consent for treatment and mutation screening. Approval was obtained from the ethical review boards
of the participating institutions.
Primary end point was cumulative incidence of relapse
(CIR). Other end points were complete remission (CR)
achievement, relapse-free (RFS) and overall survival (OS).
Failure time data were analyzed without censoring patients
who received allogeneic stem cell transplant (SCT). A sensitivity analysis was also performed after censoring patients
transplanted in first CR at date of SCT. RFS and OS were
estimated by the Kaplan-Meier method and compared by
the log rank test. CIR was estimated taking into account
death in first CR as a competing risk. Stepwise logistic
regression and Cox models were used to analyze associations between base-line characteristics and outcome.
Cause-specific hazard ratios (HRs) were given as measures
of association between each variable and CIR. The following mutations entered the models: FLT3-ITD, FLT3-TKD,
IDH1-R132 mutations, IDH2-R140 mutation, DNMT3AR882 mutation, other DNMT3A mutations, and TET2
mutations in the subset of 232 patients tested for TET2.
Analysis was performed in the whole population, then
repeated in patients not presenting FLT3-ITD. We estimated missing data for mutations by using 50 multiple imputations in chain equations incorporating predictive mean
matching. In addition to the molecular markers, age (using
a 60-year cutoff) and the logarithm of white blood cell
count (WBC) were added to all models, which were also
adjusted on treatment protocol. Hazard ratios and causespecific HRs were given with 95% confidence interval (CI).
Statistical analysis was performed on the STATA/IC 12.1
software package (StataCorp, College Station, TX, USA).
The patient population was heterogeneous with regard
to age and treatment. Median age was 52.8 years (range 1779). Median WBC was 23.5x109/L (range 0.8-377), with
171 males and 222 females. Distribution across ALFA protocols was: 23%, 23%, 5%, 21% and 28% in the ALFA
9801, 9802, 9803, 0701 and 0702, respectively. Median follow up was 2.2 years. Most patients were tested for FLT3,
DNMT3A, and IDH gene mutations, while only 232 (57%)
were tested for TET2 gene mutations. The lack of available
material was the main reason for not testing all patients for
all mutations. Incidences of gene mutations are indicated in

Table 1. Associated gene mutations (n=393 patients).

Patients

NMP1 gene mutation
FLT3 gene mutations
FLT3-ITD
FLT3-TKD mutation
IDH gene mutations
IDH1-R132 mutation
IDH2-R140 mutation
IDH2-R172 mutation
DNMT3A gene mutations
DNMT3A-R882 mutation
Other DNMT3A mutations
TET2 gene mutation

Incidence

Positive/Tested (N)

Overall

393/393
170/388
141/391
35/390
101/372
52/374
49/371
0/371
148/310
100/310
48/310
33/232

100%
44%
36%
9%
27%
14%
13%
0%
48%
32%
16%
14%
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in patients
with FLT3-ITD
−
−
−
4%
18%
11%
7%
0%
47%
30%
17%
11%

in patients
without FLT3-ITD
−
−
−
12%
32%
15%
17%
0%
48%
34%
15%
18%
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Figure 1. Co-existence of associated gene mutations (n=393 patients). In patients with FLT3-ITD, FLT3-TKD and IDH2-R140 mutations
were less frequently observed (P=0.005 and 0.004, respectively). Patients with IDH2-R140 mutation presented less frequently IDH1-R132
and DNMT3A-R882 mutations (P=0.001 and 0.011, respectively). No patients had both DNMT3A-R882 and non-R882 DNMT3A mutations
(P<0.001). No patients had both IDH1-R132 and TET2 mutations (P=0.030), while 5 patients had both IDH2-R140 and TET2 mutations.

Table 1. Notably, no patient had IDH2-R172 mutation. Coexistence of gene mutations is illustrated in Figure 1. A
higher WBC was associated with FLT3-ITD, TET2 and
IDH2-R140 mutations (P<0.001, P=0.002, and P<0.001,
respectively). Non-R882 DNMT3A mutations were more
frequently observed in older patients (P =0.004), found for
instance in 24% of patients aged 60 years or over versus
12.5% in younger patients.
Overall CR rate was 91% (359 of 393 patients). Among
CR patients, 146 relapsed and 111 died, including 19 deaths
in first CR. A total of 69 patients (18%) received allogeneic
SCT in first CR. At three years, CIR was estimated at 53%
(95%CI: 47-60) in the entire patient cohort, while RFS and
OS were respectively estimated at 47% (95%CI: 41-53)
and 56% (95%CI: 49-61). Advanced age was the only factor associated with a lower CR rate in multivariable analysis [HR 4.63 (95%CI: 2.13-10.07) for patients aged 60 years
or over; P<0.001], while associated gene mutations did not
influence CR achievement. CR rate was 81% in the 108
patients aged 60 years or over versus 95% in the 285
younger patients.
In a first analysis not considering TET2 status, advanced
age, FLT3-ITD and non-R882 DNMT3A mutations were
independently associated with a higher hazard of relapse.
At three years, CIR was estimated at 66% (95%CI: 54-78)
in patients aged 60 years or over versus 49% (95%CI: 4257) in younger patients (specific HR 2.04 [95%CI: 1.442.90]; P<0.001). Specific HRs for FLT3-ITD and non-R882
DNMT3A mutations were 1.73 (95%CI: 1.24-2.43;
P=0.001) and 2.06 (95%CI: 1.28-3.32; P=0.003), respectively. WBC did not influence CIR in this multivariable setting.
In a second analysis performed in the subset of patients
tested for TET2 mutations, age, FLT3-ITD and non-R882
DNMT3A mutation, but not TET2 mutation, were still
identified as independent factors. These three variables
were also identified as the variables that influenced RFS in
multivariable analysis. Again, TET2 mutation did not
impact RFS. Results were roughly unchanged when the 69
patients transplanted in first CR were censored at SCT
time.
Repeating these analyses in the subset of patients without FLT3-ITD confirmed the bad-prognosis value of non-

R882 DNMT3A mutations in these patients, for CIR [specific HR 1.95 (95%CI: 1.02-3.70); P=0.042] as well as for
RFS. This analysis also evidenced IDH1-R132 mutation,
but not IDH2-R140 mutation, as poor prognostic factor in
these patients, for CIR [specific HR, 1.74 (95%CI: 1.022.97); P=0.041] as well as for RFS. Again, TET2 mutation
was not shown to significantly impact the outcome of
these patients and results were similar when the 69
patients transplanted in first CR were censored at time of
SCT.
Overall, these results indicated that, among patients with
NPM1-mutated CN-AML, not only FLT3-ITD, but also
non-R882 DNMT3A and IDH1-R132 mutation could represent additional high-risk genetic alterations. This is important as these patients are currently considered to be favorable-risk patients in the current ELN classification if no
FLT3-ITD (Figure 2). As shown in Figure 2A, if FLT3-ITD
mutations were indeed associated with an increased incidence of early relapses, the two other types of mutations
were associated with an increased incidence of later relapses. This translated into a shorter RFS in the latter subsets as
well (Figure 2B). However, due to a relatively good salvage
rate and post-relapse survival (data not shown), this did not
translate into a significantly shorter OS for patients with
non-R882 DNMT3A or IDH1-R132 mutations as it did for
patients with FLT3-ITD (Figure 2C).
Reviewing the literature, the Cancer and Leukemia
Group B (CALGB) and the German AML Study Group have
already reported an unfavorable impact of IDH1-R132 or
IDH1/2 mutations in general in similar favorable-ELN
patients.3,4 In contrast, the 16-gene analysis from the
Eastern Cooperative Oncology Group (ECOG), identification of an IDH1/2 mutation was associated with a better
prognosis in these patients.13 Nonetheless, in a recent metaanalysis, IDH1-mutated patients had an inferior event-free
survival, especially in the subset with NPM1 mutation but
no FLT3-ITD.14 It has also been reported that DNMT3A
mutations may negatively influence the survival of patients
with CN-AML,7,8 but up till now not specifically in those
with the favorable NPM1-mutated/no FLT3-ITD genotype.
As in our study, different prognostic values of R882 versus
non-R882 mutations have been observed in two studies.7,8
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In one of these, only non-R882 mutations were associated
with an increased risk of relapse in younger patients with
CN-AML.7
To conclude, there is accumulating evidence, including
the observations made in the present study, to suggest that
taking into account epigenetic non-R882 DNMT3A and
IDH1-R132 gene mutations might help refine the current
ELN classification, even if some discrepancies are observed
from one study to another. The most striking observation
of our study was the occurrence of delayed relapses in
NPM1-mutated CN-AML patients without FLT3-ITD but
with non-R882 DNMT3A or IDH1-R132 mutations, as
compared to earlier relapses in NPM1-mutated CN-AML
patients with FLT3-ITD. This observation fits nicely with
the recent reports showing that IDH, TET2, or DNMT3A
mutations may precede the appearance of NPM1 mutations in CN-AML, be present in pre-leukemic stem cells,
and even to persist in hematologic remission in numerous
cases.15

A
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C

Figure 2. Effects of FLT3-ITD, non-R882 DNMT3A mutation and
IDH1-R132 mutation in patients with de novo NPM1-mutated cytogenetically normal acute myeloid leukemia. The patient cohort was
divided here into four distinct groups: 1) patients without FLT3-ITD,
non-R882 DNMT3A mutation, nor IDH1-R132 mutation (group 1,
41% of the patients); 2) patients with FLT3-ITD (group 2, 41% of the
patients); 3) patients without FLT3-ITD but non-R882 DNMT3A
mutation (group 3, 8% of the patients); and 4) patients without
FLT3-ITD but with IDH1-R132 mutation (group 4, 10% of the
patients). Note that 3 patients with both non-R882 DNMT3A and
IDH1-R132 mutations were classified within group 3. (A) 2-year
cumulative incidence of relapse (CIR) was 34% (95%CI: 26-45) in
group 1 versus 68% (95%CI: 57-78), 63% (95%CI: 43-82) and 67%
(95%CI: 47-85) in groups 2, 3 and 4, respectively. As compared to
group 1 patients, specific HR for group 2, 3 and 4 patients were
3.18 (95%CI: 2.11-4.77; P<0.001), 1.35 (95%CI: 1.00-1.81;
P=0.05) and 1.27 (95%CI: 1.04-1.54; P=0.017), respectively. (B) 2year relapse-free survival (RFS) was 65% (95%CI: 55-73) in group
1 versus 41% (95%CI: 32-50), 37% (95%CI: 18-57) and 31%
(95%CI: 14-49) in groups 2, 3 and 4, respectively. As compared to
group 1 patients, HR for group 2, 3 and 4 patients were 2.25
(95%CI: 1.54-3.29; P<0.001), 1.33 (95%CI: 0.99-1.78; P =0.059)
and 1.28 (95%CI: 1.07-1.54; P=0.008), respectively. (C) 2-year
overall survival (OS) was 74% (95%CI: 65-82) in group 1 versus
33% (95%CI: 23-42), 65% (95%CI: 42-81) and 69% (95%CI: 48-83)
in groups 2, 3 and 4, respectively. As compared to group 1 patients,
HR for group 2, 3 and 4 patients were 4.28 (95%CI: 2.77-6.60;
P<0.001), 1.32 (95%CI: 0.93-1.87; P=0.12) and 1.17 (95%CI:
0.93-1.48; P=0.18), respectively.
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