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Nucleophosmin (NPM1) and fms-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD) gene
mutations represent the most frequent molecular aberrations in patients with cytogenetically normal-acute
myeloid leukemia (CN-AML). We analyzed the prognostic impact of these mutations and their interactions
in adults with CN-AML. NPM1 mutation (NPM1mut) and FLT3-ITD mutation (FLT3-ITD+) were analyzed by
polymerase chain reaction and GeneScan assays of bone marrow samples obtained from newly
diagnosed 104 CN-AML patients. FLT3-ITD+ and NPM1mut were detected in 36 (34.6%) and 30 (28.8%)
out of 104 subjects, respectively, 16 cases (15.4%) had double NPM1mut/FLT3-ITD+. The incidence of
FLT3-ITD+ was significantly higher in the NPM1mut group than in the NPM1 wild (NPM1wt) group (P =
0.018). Statistical analysis revealed that isolated NPM1mut group had a better clinical outcomes in terms
of higher complete response (CR) rate (P = 0.01) and a trend towards favorable overall survival (OS) and
disease-free survival (DFS) (P = 0.28, 0.40, respectively). In contrast, the isolated FLT3-ITD+ group had
an unfavorable outcome in terms of lower CR rate (P = 0.12), shorter OS, and DFS (P < 0.0001 for both).
The NPM1mut/FLT3-ITD-group had the best OS and DFS, while the NPM1wt/FLT3-ITD+ group had the
worst OS and DFS than other groups (NPM1mut/FLT3-ITD+ or NPM1wt/FLT3-ITD−) (P < 0.0001 for
both). Multivariate Cox regression analysis showed that age and FLT3/ITD+ were independent poor
prognostic factors for OS (P = 0.006, <0.0001, respectively), while FLT3/ITD+ was independent predictor
for DFS (P = 0.04). However, NPM1mut did not have a significant impact on OS and DFS. In conclusion,
adult patients with CN-AML carrying isolated NPM1mut and isolated FLT3-ITD+ exhibit different clinical
outcomes than those with NPM1mut/FLT3-ITD+ or NPM1wt/FLT3-ITD−. Patients with NPM1mut/FLT3ITD− had the best prognosis in terms of higher CR, OS, and DFS, while those with NPM1mut/FLT3-ITD+
had the worst CR rate, and NPM1wt/FLT3-ITD+ had the lowest OS and DFS.
Keywords: AML, NPM1, FLT3-ITD, Acute myeloid leukemia, Prognosis

Introduction
Acute myeloid leukemia (AML) is a phenotypically
and genetically heterogeneous disease. Furthermore,
cytogenetically normal (CN)-AML has been identified
as a heterogeneous disease with various mutations
mostly in the nucleophosmin (NPM1) and fms-like
tyrosine kinase 3 (FLT3) genes.1
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NPM1, encoded by the NPM1 gene on chromosome 5q35, is a multifunctional nucleocytoplasmic
shuttling protein localized primarily in the nucleolus
but shuttles rapidly between the nucleus and the cytoplasm. It may assist in ribosomal protein assembly and
maintain genomic stability through its participation in
DNA repair. However, it is also thought to have a
tumor suppressor function and to regulate the p53
pathway through its chaperoning activity.2–4
It is suggested that, a loss of nuclear NPM1 function
is associated with mutations at exon-12 of its gene.
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NPM1 exon-12 mutations can encode mutant proteins
with a novel nuclear export signal (NES) motif
inserted at the C-terminus and disruption of the
nucleolar localization signal due to mutations of
tryptophan residues 288 and 290.5–7 Such mutations
are classified according to the type of NES motif
inserted into the mutant protein, so far more than 40
different NPM1 mutations have been demonstrated.8
NPM1 mutations represent the most frequent
mutation in AML and can be detected in about 35%
of all patients and in nearly half of patients without
cytogenetic aberrations. Of note is that NPM1 is
associated with a wide spectrum of morphological subtypes of AML, a normal karyotype, and FLT3
mutations. Patients with CN-AML carrying isolated
NPM1mut show better clinical outcomes in terms of
the responsiveness to chemotherapy or disease-free
survival (DFS).6,9
The FLT3 gene maps to chromosome band 13q12,
encodes a member of class III receptor tyrosine
kinase family, and is expressed in early hematopoietic
stem cells and in a subset of dendritic cell progenitors.10 FLT3 signaling activates intracellular pathways
that promote proliferation and inhibition of apoptosis.
The most common FLT3 mutation described in AML
is the internal tandem duplication (ITD) mutation of
the juxtamembrane segment, can be generated by the
in frame insertion of 18 to more than 100 bp within
the juxtamembrane region of FLT3. This mutation
leads to loss of the autoinhibition exerted by the juxtamembrane domain over the tyrosine kinase domain,
generating a constitutively active FLT3 molecule.11,12
FLT3-ITD mutations are found in 20–30% of
patients with AML and are more common in CNAML. Patients who have FLT3-ITD+ CN-AML
have a higher leukocyte count, a complete response
(CR) rate similar to that of FLT3-ITD− patients,
but shorter DFS and overall survival (OS), mainly
because of frequent relapses.13–15
The present study investigated the frequency, interactions, and the prognostic effect of both NPM1 and
FLT3-ITD mutations in a cohort of 104 newly diagnosed CN-AML patients.

Subjects and methods
Patients
A total of 104 newly diagnosed AML patients who
admitted to the Oncology Center, Mansoura
University (OCMU) from June 2009 to December
2011 were enrolled in this study. The mean age of
the 69 male and 35 female patients was 46.8 ± 17.88
years (range, 19–74 years). AML was diagnosed
according to the standard diagnostic methods including clinical, cytomorphological, cytochemical,
immunological, and cytogenetic evaluation.16 Two
millitres
of
ethylenediaminetetraacetic
acid
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anticoagulated venous blood was withdrawn on presentation for molecular studies.
Patient characteristics are given in Table 1.
Informed consent was obtained from all patients and
approval for this study was obtained from institutional
review board. Inclusion criteria for the study were
newly diagnosed AML and normal karyotyping by
conventional cytogenetics on bone marrow aspirate
(BMA) at the time of diagnosis. To establish CNAML, 20 or more metaphase cells from the samples
had to be examined to assure normal karyotypes.17
Patients with acute promyelocytic leukemia and
therapy-related AML were excluded from the study.

Treatment protocol
AML patients <60 years (98 patients) and >60 years
old with performance status 0–2 and minimal comorbidity (6 patients) received the standard ‘3 + 7′ induction chemotherapy protocol: doxorubicin (30 mg/m2/
day) for 3 days and cytarabine (100 mg/m2/day as a
continuous 24 h intravenous infusion) for 7 days.18
BMA was done between 21 and 28 days after initiation
of chemotherapy to demonstrate morphological remission. Consolidation is comprised of 3–4 courses of
high-dose cytosine arabinoside (3 g/m2 every 12
hours on days 1, 3, and 5; total, 18 g/m2). Patients
were followed up once every 3 months with clinical
examination and complete blood counts. BMA was
done if there was any doubt of a relapse on clinical
examination or peripheral smear.

DNA isolation and polymerase chain reaction
Genomic DNA was extracted from the diagnostic BM
samples using QIAamp DNA blood minikit (Qiagen,
Hilden, Germany) according to the manufacturer’s
protocol. For the screening of NPM1 exon-12
mutations, single-step fluorescent polymerase chain
reaction (PCR) was done using primers NPM1 11f:
5′ -CTGGTAGAATGAAAAATAGAT-3’ (6 FAM
labeled), and NPM1 12r: 5’-CTTGGCAATAGA
ACCTGGAC-3’ (Applied Biosystems, Foster City,
CA, USA). The first primer was fluorescently labeled
to enable post-PCR gene scan analysis. PCR reactions
were performed in a total volume of 25 μl containing
20–50 ng of extracted DNA (1 μl), 10 pmol of each
primer (Applied Biosystems), 12.5 μl of Maxima hot
Table 1

Clinical characteristics of the studied patients

Parameter
Age (years)
TLC (×109/l)
Hemoglobin (g/dl)
Platelet (×109/l)
Peripheral blood
blast (%)
Bone marrow
blast (%)

Range

Median

Mean ± SD

19–74
3.1–435
5.1–11.1
5–150
9–98%

45.3 ± 19.23
45.95
7.55
35.7
68%

46.8 ± 17.88
67.65 ± 83.19
7.67 ± 1.5
50.38 ± 43.68
61.88 ± 24.92

20–96%

77%

72.25 ± 20.39
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start PCR master mix 2X (Thermo Scientific) (containing Maxima hot Taq DNA polymerase, hot start
PCR buffer, 400 μM of each dNTP, and 4 mM
Mg + 2), and the reaction was completed to 25 μl
using molecular grade water. The amplification was
carried out in a GeneAmp PCR System 9700
(Applied Biosystems) using the following steps: preactivation at 95°C for 4 minutes, 35 cycles at 94°C for 30
seconds, 56°C for 30 seconds, and 72°C for 60 seconds,
and post-extension steps: 94°C for 30 seconds and
60°C for 45 seconds.
To detect FLT3/ITD, exon-11 and exon-12 were
amplified by single-step fluorescent PCR using
primers 11f (5’-GCAATTTAGGTATGAAAGCC
AGC-3’) and 12r (5’–CTTTCAGCATTTTGACG
GCAACC-3’) (Applied Biosystems). PCR reactions
were performed in a total volume of 25 μl containing
the same contents used as in the NPM1 PCR above
apart from FLT3 primers. The amplification was
done using the following steps: preactivation at 95°C
for 4 minutes, 30 cycles at 95°C for 30 seconds, 62°C
for 30 seconds, and 72°C for 30 seconds, and final
extension at 72°C for 5 minutes.

Capillary gel electrophoresis and interpretation
of results
To detect the precise PCR product size by Gene
Mapper, 1 μl of fluorescently labeled PCR product
was mixed with 10 ml of deionized HiDiformamide
(Applied Biosystem) and 1 ml of genescan internal
size standard (Applied Biosystem). The mixture was
electrophoresed through an acrylamide containing
polymer, POP4 (Applied Biosystems), which was
then analyzed using an ABI 310 Genetic Analyzer
via gene mapper software. The expected peak size
for the wild-type (WT) FLT3 PCR product is
330 bp. FLT-3 ITD fragments could be 18–108 bp
larger than this. Only ITD-positive cases are reported
if the ITD represent at least 5% of the peak area of
FLT3 WT fragment. As regard WT NPM1, its PCR
product expected peak size is 287 bp, while NPM1
mutant fragment is usually 4 bp larger.

Criteria of response and survival definitions
CR was defined as a normocellular BM containing
less than 5% blasts and showing evidence of normal
maturation of other BM elements, with neutrophil
count of ≥1 × 109/l and a platelet count of ≥100 ×
109/l. Remission failures were classified as either
partial remission (defined as 5–15% blasts or 5%
blasts but a hypocellular BM), resistant disease
(RD > 15% blasts in the BM), or induction death
(ID, related to treatment or hypoplasia). OS was
defined as the time from diagnosis to date of death.
For patients achieving CR, DFS was the time from
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the date of first CR to an event (death in first CR or
relapse).

Statistical analysis
Data entry and analyses were performed using Excel
program and statistical package of social science
(SPSS) version 10 (Chicago, IL, USA). The quantitative data were presented as a mean, standard deviation
(SD), median, and range. Student’s t-test was conducted to compare the mean of continuous variable
for two different groups of individuals. One-way
analysis of variance procedure was used to compare
means and SD of more than two groups. The qualitative data were presented as number and percentage. The
χ2 was used to find the association between variables
of qualitative data. Kaplan–Meier survival analysis
was used to find out OS and DFS with log-rank test
for comparisons of factor probably affecting survival.
Hazard ratio (HR) and confidence intervals (CI) were
calculated using Cox regression analysis for multivariate analysis. The P values of ≤0.05 and ≤0.001
indicate significant and highly significant results,
respectively, at CI 95%.

Results
Frequencies of FLT3 and NPM1 mutations
Among the 104 studied patients, 30 patients (28.8%)
were NPM1mut and 36 (34.6%) were FLT3-ITD+.
Isolated NPM1mut was detected in 14 of 104
(13.5%) and isolated FLT3/ITD+ was detected in 20
of 104 patients (19.2%). On the other hand, 16 patients
(15.4%) were positive for both mutations (NPM1mut/
FLT3-ITD+), and 54 patients (51.9%) were negative
for both mutations (NPM1wt/FLT3-ITD−) (Table 2).
The incidence of FLT3-ITD+ was higher in the
NPM1mut group than in the NPM1wt group (53.3
vs. 27%; P = 0.018). Examples of NPM1mut and
FLT3-ITD+ results detected by gene mapper are
shown in Figs. 1 and 2.

Gene mutations and clinical/laboratory
characteristics
To follow the recently updated National
Comprehensive Cancer Network (NCCN) guidelines,
we categorized the patients into four groups:
NPM1mut/FLT3-ITD − , NPM1mut/FLT3-ITD + ,
NPM1wt/FLT3-ITD + ,
NPM1wt/FLT3-ITD−.
Table 2 Frequency of nucleophosmin and FLT3 mutations
FLT3and NPM1 status

No. (total = 104)

Percentage

NPM1mut
FLT3-ITD+
NPM1mut/FLT3-ITD−
NPM1mut/FLT3-ITD+
NPM1wt/FLT3-ITD+
NPM1wt/FLT3-ITD−

30
36
14
16
20
54

28.8
34.6
13.5
15.4
19.2
51.9
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Figure 1 PCR product of AML patients with NPM1mutation. Upper electropherogram shows the WT NPM1 (287 bp) and the
lower one shows the mutant NPM1 with the additional 4 bp.

Figure 2 PCR product of AML patients with FLT3/ITD mutation having three mutants. Upper electropherogram shows the WT
FLT3 (331) while the others show examples of different sizes FLT3-ITD.
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Table 3 shows the baseline characteristics of these
groups. There was no statistically significant difference
among the groups with regard to age and gender. The
NPM1mut/FLT3-ITD+ group showed the highest
initial white blood cell (WBC) count and lowest hemoglobin (Hb) concentration with no statistical significance (P = 0.59, 0.42, respectively). Meanwhile,
NPM1wt/FLT3-ITD+ group showed the highest
mean platelet count with no statistical significance
(P = 0.50) and highest BM blasts with a statistical significance (P = 0.04).

Response to induction therapy
Of the 104 patients, 62 (59.6%) achieved CR, 26
patients (25%) had RD and failed to achieve CR
after the first round of induction chemotherapy,
hence received re-induction chemotherapy. ID was
reported in 16 of 104 patients (15.4%).
Looking at each of the two studied molecular
markers separately, it is found that FLT3-ITD+
patients has significantly lower CR, higher RD, and
higher ID (33.3, 22.2, and 44.4%, respectively) rates

Table 3

Patients’ characteristics according to the NPM1 and FLT3 mutational status

Parameter

P

NPM1 mut/FLT3-ITD−

NPM1 mut/FLT3-ITD+

NPM1wt/FLT3-ITD+

NPM1wt/FLT3-ITD−

14 (13.4%)

16 (15.3%)

20 (19.2%)

54 (51.9%)

49.3 ± 14.2
23–73

44.6 ± 16.2
19–74

45.73 ± 18.33
19–74

44.16 ± 14.25
21–73

0.49

9 (64.3%)
5 (35.7%)

10 (62.5%)
6 (37.5%)

15 (75%)
5 (25%)

35 (64.8%)
19 (35.2%)

0.51

28.5 ± 21.5
3.1–64

80.7 ± 63.3
25.3–244

65.7 ± 33.1
37.9–133

72.7 ± 105.6
3.7–435

0.59

7.28 ± 1.29
5.4–9.4

7.16 ± 1.18
5.8–9.2

7.78 ± 1.40
5.1–11.1

7.89 ± 1.37
5.1–11.1

0.42

50.4 ± 25.74
11–97

45.48 ± 21.2
19–120

66.42 ± 29.7
12.4–192

42.78 ± 27.8
7.7–140

0.50

55.2 ± 26.4
20–90

78.7 ± 10.01
60–96

82.8 ± 10.3
70–95

71.75 ± 21.5
20–95

0.04

Patients’ no. (%)
Age (years)
Mean
Range
Sex
Male
Female
WBC (103/l)
Mean
Range
Hb (g/dl)
Mean
Range
Platelets (109/l)
Mean
Range
BM blasts (%)
Mean
Range

Table 4

than FLT3-ITD− patients (73.5, 26.5, and 0%, respectively) (P < 0.0001). On the contrary, there was no significant change in the CR, RD, or ID rates between
NPM1mut (60, 26.7, and 13.3%, respectively) and the
NPM1wt (59.5, 24.3, and 16.2%, respectively) groups
(P = 0.923). Within the NPM1wt group, the FLT3ITD+ patients showed a lower CR rate compared
with the FLT3-ITD− patients (40 vs. 66.7%, P =
0.12). On the other hand, within the FLT3-ITD−
patients, the CR rate was significantly higher in patients
with NPM1mut than without them (100 vs. 66.7%, P =
0.01) (Table 4). CR rate was also significantly negatively associated with age and WBCs count (P = 0.03
and 0.02, respectively) (data not shown).
When the two gene mutations were simultaneously
analyzed, the highest CR rate was achieved in the
NPM1mut/FLT3-ITD-group (14/14; 100%) while
the lowest CR rate were found in NPM1mut/FLT3ITD+ group (4/16; 25%). RD was higher in the
NPM1mut/FLT3-ITD+ group (8/16; 50%) than in
the NPM1wt/FLT3-ITD− (18/54; 33.3%). ID was
higher in the NPM1wt/FLT3-ITD+ group (12/20;

Outcome data according to NPM and FLT/ITD mutational status
Fate
CR

RD

ID

P

18/30 (60%)
44/74 (59.5%)
12/36 (33.3%)
50/68 (73.5%)
14/14 (100%)
4/16 (25%)
8/20 (40%)
36/54 (66.7%)

8/30 (26.7%)
18/74 (24.3%)
8/36 (22.2%)
18/68 (26.5%)
–
8/16 (50%)
–
18/54 (33.3%)

4/30 (13.3%)
12/74 (16.2%)
16/36 (44.4%)
0/68 (0%)
–
4/16 (25%)
12/20 (60%)
–

0.923

Groups
NPM1mut
NPM1wt
FLT3-ITD+
FLT3-ITD−
NPM1mut/FLT-ITD − *
NPM1mut/FLT3-ITD +
NPM1wt/FLT3-ITD + **
NPM1wt/FLT-ITD − *,**

CR, clinical remission; RD, resistant disease; ID, induction death.
*P value as regards CR rate for these two groups = 0.01.
**P value as regards CR rate for these two groups = 0.12.
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Table 5 OS and DFS according to the FLT3 and NPM1 mutational status
Mutational status
NPM1wt
NPM 1mut
FLT3/ITD−
FLT3/ITD+
NPM1mut/FLT3-ITD−
NPM1mut/FLT3-ITD+
NPM1wt/FLT3-ITD+
NPM1wt/FLT3-ITD−

Mean OS (months)

P

Mean DFS (months)

P

10.8
15.5
16.1
4.9
26.9
6.2
2.9
13.3

0.281

12.6
16.3
17.3
7.6
26.0
11.9
1.5
14.7

0.409

60%) than in the NPM1mut/FLT3-ITD+ group (4/
16; 25%) with a statistical significance among the
groups (P < 0.0001) (Table 4).
Multivariate logistic regression analysis showed that
age, WBCs count, and FLT3-ITD were independent
unfavorable factors for achieving CR while
NPM1mut was an independent favorable predictor
of CR (data not shown).

Survival analysis
The median follow-up time was 30 months. FLT3ITD+ group showed a shorter mean OS (4.9 vs. 16.1
months) and DFS (7.6 vs. 17.3 months) than the

<0.0001
<0.0001

<0.0001
<0.0001

FLT3/ITD group with a significant statistical difference (P < 0.0001 for both) (Table 5 and Fig. 3). On
the other hand, NPM1-mutated patients showed a
trend of higher OS (15.5 vs. 10.8 months) and DFS
(16.3 vs. 12.6 months) than the NPM1wt group with
no statistical difference (P = 0.281, 0.409, respectively)
(Table 5 and Fig. 4). Survival analysis of the four genotypes revealed that the NPM1wt/FLT3-ITD+ group
had the longest OS and DFS (26.9, 26.0 months,
respectively), and the NPM1wt/FLT3-ITD+ group
had the shortest OS and DFS (2.9, 1.5 months,
respectively) with a statistical significance among the
four groups (P < 0.0001) (Table 5).

Figure 3

Kaplan–Meier curve of OS and DFS according to FLT3/ITD mutations.

Figure 4

Kaplan–Meier curve of OS and DFS according to NPM1 gene mutations.
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Table 6

Multivariate analysis for OS and DFS
Overall survival

Age (years)
TLC
20–100 × 109/l
>100 × 109/l
FLT3/ITD mutation

HR (95% CI)

P

2.96 (1.35–6.46)

0.006

1.33 (0.55–3.20)
0.93 (0.26–3.26)
5.72 (2.55–19.83)

0.51
0.91
0.000

Disease-free survival

Age (years)
TLC
20–100 × 109/l
>100 × 109/l
FLT3/ITD mutation

HR (95% CI)

P

1.69 (0.45–6.35)

0.43

1.33 (0.47–3.78)
1.49 (0.25–8.80)
5.72 (2.55–19.83)

0.51
0.56
0.04

Multivariate Cox regression analysis with stepwise
selection showed that age (P = 0.006) and FLT3/
ITD+ (P < 0.0001) were independent poor prognostic
factors for OS, while only FLT3/ITD+ was independent predictor for DFS (P = 0.04) (Table 6). In contrast, NPM1 mutation failed to be an independent
prognostic factor for either OS or DFS.

Discussion
We evaluated the prevalence and prognostic impact of
NPM1mut, FLT3-ITD+, and their interactions in
adult patients with CN-AML. The incidence of
FLT3-ITD+ in our patients was 34.6%, which was
obviously higher than that reported by some studies
(19.7–28%),19–21 but consistent with that reported by
others (30%, 31%).22,23 On the contrary, the frequency
of NPM1mut in our study (28.8%) was lower as compared with most of the previously published studies
that
demonstrated
45–64%
incidence
of
NPM1mut.24,25 However, de Jonge et al. 26 reported
closer frequency of NPM1 mutation to our results
(25%). The different incidence may be due to smaller
sample number in our study, ethnic variation, higher
background of WT allele, or a lower percentage of
FLT3/ITD or NPM1 mutation-positive cells in
some cases.
The incidence of FLT3-ITD+ was significantly
higher in the NPM1mut group (16/30) than in the
NPM1wt group (20/74). Previous studies have
reported a considerable correlation between these
two mutations, suggesting that they are secondary
events from a primary process that predisposes
myeloid stem and progenitor cell errors in DNA replication.22,27 Others have demonstrated that the
NPM1mut/WT ratio is higher than the FLT3ITD+/WT ratio, suggesting that NPM1mut occurs
prior to FLT3-ITD+ in cases with both mutations.6
Certain associations between the two gene
mutations and other laboratory findings have been
reported. We could demonstrate a non-significantly
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increased WBC count in the NPM1mut/FLT3ITD+ group (P = 0.59) as well as a significant
increased percentage of BM blasts in the NPM1wt/
FLT3-ITD+ group (P = 0.04). Other studies revealed
that both NPM1 and FLT3-ITD mutations were
associated with a significantly higher WBC count as
well as an increased percentage of BM blasts.6,13,14,20
Although the effect of FLT3/ITD on inducing leukemogenesis was not directly proved, the ligand-independent constitutive activation of FLT3 induced by ITD
mutation could activate some downstream signal molecules which contribute to cell proliferation and survival advantages.28–30
In our study, CR rate was statistically lower in
FLT3-ITD+ (33.3%) than that in FLT3-ITD−
(73.5%) subjects. Many studies have shown that
FLT3/ITD has an unfavorable prognostic impact in
adult patients with AML. FLT3/ITD contributes to
a short CR duration and lower CR rate.6,20 On the
other hand, our results revealed that, NPM1mut did
not show a significant impact on CR rate. Data previously published on the prognostic impact of NPM1
mutations in CN-AML have been somewhat controversial, with some studies showing a significant effect
on CR,22,31 while others did not reveal this significant
effect.24 When the two gene mutations were analyzed
together, the highest CR rate was observed in the
NPM1mut/FLT3-ITD− group (100%), followed by
the NPM1wt/FLT3-ITD− group (66.7%), then the
NPM1wt/FLT3-ITD+ group (40%), and lowest CR
rate was observed in the NPM1mut/FLT3-ITD+
group (25%). These results were comparable with
those concluded by earlier reports.9,20
Survival analysis demonstrated a significant worse
mean OS and DFS in FLT3-ITD+ subjects (P <
0.0001 for both). Scholl et al. 32 also studied the
impact of FLT3-ITD on the achievement of OS and
DFS and declared that FLT3-ITD+ was associated
with inferior 2-year DFS and OS. Subjects with
NPM1mut did not show better impact on OS or
DFS in our study. This lacking effect is mainly due
to a high relapse rate as these groups are studied
depending on NPM1 mutation solely regardless of
the presence of FLT3-ITD, and NPM1 mutation
might be a favorable prognostic factor for OS and
DFS in the presence of FLT3-ITD. These data correlated with a previous publication that could not
demonstrate a difference of DFS and OS for patients
with NPM1mut.32 However, others have reported
that OS and DFS are significantly better in the
NPM1mut group.33,34
Survival analyses of the four genotypes revealed that
the mean OS and DFS were significantly better in the
NPM1mut/FLT3-ITD− group (26.9, 26.0 months)
and worse in NPM1wt/FLT3-ITD+ (2.9, 1.5
months) than the other groups (P < 0.0001). Some
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studies have also shown that the 5-year DFS and OS of
CN-AML patients with NPM1mut/FLT3-ITD− are
comparable to those with favorable cytogenetics,35,36
suggesting that this group of patients could be considered a favorable group.
Multivariate analysis has been done to evaluate
other factors influencing OS and DFS. It identified
age and FLT3-ITD+ as independent prognostic
factors for OS, meanwhile FLT3/ITD+ was the only
independent predictor for DFS. Others identified
FLT3-ITD+ and NPM1mut as independent prognostic factors for OS and DFS.6,9 Therefore, the NCCN
guidelines for AML consider patients with isolated
NPM1mut as a favorable-risk group. Further, patients
carrying isolated FLT3-ITD+ constitute a poor-risk
cytogenetic group.37 However, other studies have
reported variable results about the clinical outcomes
according to the presence of these mutations.25,38
In conclusion, adult patients with CN-AML carrying isolated NPM1mut or FLT3-ITD+ showed different clinical outcomes than those bearing both mutated
or WT NPM1 and FLT3. Patients with NPM1mut/
FLT3-ITD− had the best prognosis in terms of
higher CR, OS, and DFS while those with
NPM1mut/FLT3-ITD+ had the worst CR rate and
NPM1wt/FLT3-ITD+ had the lowest OS and DFS.
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