
Impact of FLT3 ITD/NPM1 mutation status in
adult patients with acute myelocytic leukemia
autografted in first remission

In patients with no chromosomal abnormalities (NC-
AML) treated with chemotherapy, the detection of an
FLT3-ITD and a mutation in NPM1 have helped in defin-
ing three risk categories, the worst corresponding to AML
with an ITD and no NPM1 mutation.1-3 Recent studies on
autologous hematopoietic stem cell transplantation
(ASCT) have shown that it benefits patients with good
and possibly intermediate risk prognostic factors. To
define the best patient category for ASCT, we used the
European Group for Blood and Marrow Transplantation
(EBMT) registry to investigate the impact of FLT3/ITD
presence and/or NPM1 gene mutation on the outcome of
patients autografted in first complete remission (CR1).
We studied a total of 357 patients, 258 FLT3/ITD-neg-
ative and 99 FLT3/ITD-positive (63 with a normal kary-
otype) autografted in CR1 between January 2000 and
December 2009. The information was restricted to the
presence or absence of the molecular markers according
to the techniques in use in each center. The registry con-
tained no data on mutation levels. 

Median follow up was 30 months (range 1-118). At
diagnosis, patients with a detectable FLT3/ITD had a sig-
nificantly higher white cell count of 53.7×109/L (range
0.6-265) vs. 12.4×109/L (range 0.5-300) (P<10-4). For 203
patients, information on both ITD and NPM1 mutation
was available. Patients with a detectable FLT3/ITD were
more likely to bear NPM1 mutation (59% versus 40%;
P=0.03). Of these patients, 49% (n=100) were ITD-nega-
tive/NPM1-unmutated, 32.5% (n=66) were ITD-nega-
tive/NPM1-mutated, 11% (n=22) were ITD-
positive/NPM1-mutated, and 7% (n=15) were ITD-posi-
tive/NPM1-unmutated.
The proportion of slow remitters (more than one
induction chemotherapy course to achieve CR1) was
higher in the group with an ITD (22% vs. 11%; P=0.04).
The 3-year leukemia free survival (LFS) rate of the whole
population was 47±3%. The relapse incidence (RI) rate
was 47±3%, and non-relapse mortality (NRM) 6±1%.
Results of the univariate analyses are shown in Table 1.
Patients without an FLT3/ITD had a lower RI (42±4%

vs. 58±5%, P=0.002) and a better LFS (52±4% vs. 34±5%,
P=0.001) and OS (66±3% vs. 47±6%, P=0.0006) than
those with an ITD. Patients younger than 50 years of age
had a better LFS (54±4% vs. 39±4%; P=0.04). Patients
with good cytogenetics had the lowest RI (25±7%) and
the best LFS (70±7%) compared to all other patients (RI
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Table 1. Main results of univariate analyses of prognostic factors at 3 years.
Outcome % LFS RI     NRM
FLT3/ITD negative 52±4 42±4 6±1

positive 34±5 58±5 8±3
P 0.001 0.002 0.67

Age at time of autograft <50 years 54±4 42±5 4±2
≥50 years 39±4 52±4 9±2

P 0.04 0.16 0.3
White blood count at diagnosis (×109/L) <19 55±5 36±5 9±3

≥19 44±5 51±5 5±2
P 0.16 0.03 0.08

Gender male 50 ± 4 46±4 4±2
female 44 ± 4 48±4 9±2

P 0.83 0.93 0.54
Year of transplant <2005 49±4 43±4 7±2

≥2005 43±4 51±4 6±2
P 0.78 0.64 0.82

Interval from CR1 to transplant ≤ 107 days 47±5 47±5 6±2
>107 days 48±5 45±5 6±2

P 0.6 0.46 0.48
Nr induction courses to reach 
CR 1 50±4 42±4 8±2

>1 35±9 65±9 0
P 0.01 0.001 0.27

Interval from diagnosis to transplant ≤165 days 50±4 46±4 5±2
>165 days 44±4 48±4 8±2

P 0.7 0.79 0.17
FAB other 46±4 48±3 6±2

M 5,6,7 49±7 41±7 10±4
P 0.97 0.64 0.33

continued on next page.
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50±3%, P=0.003; LFS 43±3%, P=0.009). Rapid remitters
had a lower RI (42±4% vs. 65±9%; P=0.001) and a better
LFS (50±4% vs. 35±9%, P=0.01).
Figure 1 shows LFS for the four groups of patients
defined by the two molecular markers. ITD-
positive/NPM1-unmutated patients had the worst LFS
(23±11%) and OS (37±18%), and the highest RI
(70±13%) compared to the other three groups.
Interestingly, in ITD-positive/NPM1-mutated patients,
LFS was 48±13%, OS 69±13%, and RI 52±14%, no dif-
ferent from the outcome of ITD-negative/NPM1-
unmutated patients.
In multivariate analysis, both the presence of an
FLT3/ITD and slow remitters were predictive of higher RI
and lower LFS.
ASCT has been widely used for consolidation in
patients with AML in complete remission, leading to
long-term LFS for approximately 50% of patients when
performed in CR1, and for approximately 30% of

patients in CR2.4 Early randomized studies have shown
ASCT to offer a lower RI than conventional chemothera-
py but an inferior outcome than allogeneic transplanta-
tion from HLA identical siblings.5 Recently, interest has
focused on the use of alternate donors and reduced inten-
sity conditioning (RIC) with the possibility of considering
allografting for patients up to 60-70 years of age, rather
than considering ASCT as a first option.6However, so far,
there has been no indication that allogeneic hemopoietic
stem cell transplantation using alternate donors and RIC
results in outcomes superior to ASCT. Also, recent evalu-
ations of the quality of life of allograft recipients have
raised some concerns.7

Meanwhile, important prognostic factors for ASCT in
AML in CR1 have been identified. Specifically, outcome
has been shown to be better in younger patients, rapid
remitters, good risk cytogenetics,8 patients autografted
with bone marrow as compared to peripheral blood stem
cells (PBSCs), and patients autografted with PBSCs who
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Outcome % LFS RI     NRM

Cytogenetics good 70±7 25±7 5±3
intermediate 41±4 50±4 8±2

poor 37±13 56±15 8±7
missing 46±8 52±9 2±2

P 0.07 0.03 0.63
P (good vs. all other) 0.009 0.003 0.49

TBI no 49±3 46±3 6±1
yes 47±11 44±10 9±7
P 0.5 0.48 0.99

NPM1 negative 51±4 46±6 3±2
positive 47±7 49±7 4±3

P 0.67 0.65 0.95
Combination FLT3/ITD FLT3/ITD-negative/ NPM1-negative 56±6 41±6 2±2
and NPM1 FLT3/ITD-positive/ NPM1-negative 23±11 70±13 7±6

FLT3/ITD-negative/ NPM1-positive 46±8 48±8 6±3
FLT3/ITD-positive/ NPM1-positive 48±13 52±14 0

P 0.03 0.08 0.69
CR1: first complete remission; FAB: French-American-British; FLT3/ITD: internal tandem duplication of FLT3 gene; LFS: leukemia-free survival; NRM: non-relapse mortality; 
RI: relapse incidence; SCT,: stem cell transplant; WBC: white blood cell count.

Figure 1. LFS according to
FLT3/ITD and NPM1 status.
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received sufficient in vivo purging.9 Recent identification
of numerous molecular markers has made the detection
and monitoring of MRD easier.
Approximately 30% of AML patients carry an ITD

mutation. When treated with conventional chemothera-
py, patients with this mutation and normal karyotype
have reduced overall survival (OS). NPM1 mutations are
found in approximately 30% of all cases and up to 50%
of AML patients with normal karyotypes. The NPM1-
mutated group has been shown to be associated with a
higher CR rate, longer LFS, and longer OS.2,10

Although we found that patients with FLT3/ITD auto-
grafted in CR1 had a poorer outcome than those with wt
FLT3 receptor, we also found that approximately 60% of
patients with a concomitant NPM1 gene mutation still
had an LFS of 48% and an OS of 69% at three years. This
result may indicate that, in the context of autografting,
the favorable impact of the NPM1 mutation may some-
how compensate for the poor prognosis conveyed by the
FLT3/ITD mutation. This finding is in agreement with
other reports, albeit on much smaller scale.11 However,
we have to acknowledge that the number of patients
with information on both FLT3 ITD and NPM1 status
was relatively small (22 patients with FLT3 ITD and
mutant NPM1), and a meaningful multivariate analysis
including the combined FLT3 ITD/NPM1 status as one
variable was not possible. Recent studies have shown
that NPM1 mutation quantification is a very reliable
marker of MRD.12 Our study suggests ASCT to be a good
post-remission therapeutic option for patients with an
NPM1 gene mutation. This hypothesis remains to be
tested in clinical trials.
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