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Abstract: Background: Acute myeloid leukemia with normal cytogenetics (CN-AML) is the largest group of AML pa-
tients with very heterogenous patient outcomes. The revised World Health Organization classification of the hema-
tolymphoid tumours, 2022, has incorporated AML with Nucleophosphmin1 (NPM1) and CCAAT/enhancer binding 
protein-alpha (CEBPA) mutations as distinct entities. Despite the existing evidence of the prognostic relevance of 
FMS-like tyrosine kinase-3 internal tandem duplication (FLT3-ITD) in AML, it has not been included in the revised 
classification. Method: In this prospective study, we determined the prevalence of NPM1, CEBPA, and FLT3 gene mu-
tations in 151 de novo CN-AML adult patients (age ≥18 years) in a tertiary care hospital in north India. Additionally, 
the prognostic relevance of these mutations was also evaluated. Results: NPM1, FLT3-ITD, and CEBPA mutations 
were found in 33.11%, 23.84%, and 15.77% of CN-AML patients, respectively. CEBPA mutations were found at 3 
domains: transactivation domain 1 (TAD1) in 10 (6.62%), transactivation domain 2 (TAD2) in 5 (3.31%), and basic 
leucine zipper domain (bZIP) in 11 (7.82%) patients. Patients with NPM1 mutation had better clinical remission rate 
(CR) (P=0.003), event-free survival (P=0.0014), and overall survival (OS) (P=0.0017). However, FLT3-ITD and CEBPA 
mutations did not show any association with CR (P=0.404 and 0.92, respectively). Biallelic CEBPA mutations were 
found in 12 (7.95%) patients and were associated with better OS (P=0.043). Conclusions: These findings indicate 
that NPM1 and CEBPA mutations can be precisely used for risk stratification in CN-AML patients.
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Introduction 

Acute myeloid leukemia (AML) is a phenotypi-
cally and genetically heterogeneous disease 
characterised by an abnormal accumulation of 
blasts in the bone marrow (BM) and peripheral 
blood. Recent progress in understanding the 
molecular spectrum and genetic landscape of 
AML has led to its inclusion in the revised 4th 
edition of the World Health Organization (WHO) 
classification of hematolymphoid tumors and 
the recent 5th edition, 2022 [1-3]. Specifically, 
this classification now recognizes AML with 
nucleophosmin1 (NPM1) and CCAAT/enhancer-
binding protein alpha (CEBPA) gene mutations 
as distinct entities. These mutations were con-
sidered provisional entities in the WHO 2008 
classification as subtypes of AML with recur-

rent genetic abnormalities [4]. The recent gui- 
delines did not include FMS-like tyrosine kinase 
3 - internal tandem duplication (FLT3-ITD) as a 
distinct entity in the classification, despite it 
being found in 20-25% of AML patients [5-9]. 
Recent studies have examined the role of FLT3 
mutations in conjunction with NPM1 or CEBPA 
mutations [10-18]. 

While multiple genetic mutations often occur in 
these patients, karyotyping remains the most 
important factor to predict outcome in AML 
patients [1, 13, 14, 17, 18]. Therefore, cytoge-
netic evaluation is an essential step in the man-
agement of AML patients. As per the 2022 
European leukemia network (ELN), cytogenetic 
evaluation is the first step in the genetic analy-
sis of patients with leukemia, with the guide-
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lines stating that the report should be avail- 
able within 5-7 days [1]. According to their rec-
ommendations, AML patients are categorized 
into favorable, intermediate, and adverse risk 
groups depending on cytogenetic abnormali-
ties [1]. Favorable risk group includes those 
with balanced translocations like t(8;21)
(q22;q22.1), inv(16)(p13.1q22) or t(16;16)
(p13.1;q22). Adverse risk group includes t(6;9)
(p23;q34.1), t(v;11q23.3), t(9;22)(q34.1;q11.2), 
inv(3)(q21.3q26.2) or t(3;3)(q21.3;q26.2), -5  
or del(5q), -7; -17/abn(17p), complex karyotype 
(3 or more unrelated chromosome abnormali-
ties in the absence of WHO-designated recur-
ring translocations or inversions) and mono-
somal karyotype [19]. Intermediate risk cate- 
gory encompasses cytogenetically normal AML 
(CN-AML) and AML with cytogenetic abnormali-
ties not classified as favorable or adverse. 

CN-AML comprises 40 to 50% of adult AML and 
25% of pediatric AML cases [19, 20]. This group 
of AML has intermediate risk with a five-year 
survival rate ranging from 24 to 42% [19, 21, 
22]. There is a wide spectrum of genetic muta-
tions among AML patients regardless of the 
presence or absence of karyotypic changes. As 
CN-AML is a heterogeneous group, molecular 
characterization is imperative for prognostica-
tion [6]. 

NPM1 is the most common mutation in cytoge-
netically normal and abnormal AML [1, 6, 10, 
23, 24]. Other mutations found in CN-AML are 
in genes like CEBPA, KMT2A, FLT3, the neuro-
blastoma RAS viral oncogene homolog (NRAS), 
and the Wilms tumor 1 (WT1), and the runt-
related transcription factor 1 (RUNX1) [25-27]. 

NPM1 gene encodes for nucleophosmin pro-
tein, also known as nucleolar phosphamatrin  
or numatrin. It is an abundant ubiquitously 
expressed protein mainly localized at nucleoli 
but continuously shuttles between nucleus and 
cytoplasm [28, 29]. It plays a crucial role in the 
assembly and transport of ribosomal proteins, 
prevents the aggregation of proteins in the 
nucleolus, and regulates the stability and tran-
scriptional activity of p53 after stress [30-32]. 
NPM1-mutated AMLs typically have a second-
ary mutation targeting the signaling pathway, 
giving them an advantage over normal cells. 
This secondary mutation is frequently found in 
FMS-like tyrosine kinase receptor 3 (FLT3) gene 
[23]. It also happens to be the most common 

tyrosine kinase mutation found in approximate-
ly 30% of adult AML patients [33]. 

FLT3 gene encodes a type III receptor tyrosine 
kinase (RTK) [34]. The function of this protein is 
to regulate stem cell proliferation and differen-
tiation. It is expressed predominantly on hema-
topoietic progenitor cells [35, 36]. Upon inter-
action with its ligand, FLT3 dimerizes and auto-
phosphorylates, thereby activating its receptor 
and inducing various intracellular signaling 
pathways [37]. This activation enhances the 
proliferative capacity of AML cells [38]. FLT3 
gene is mapped to the chromosome band 
13q12 and comprises 24 exons that span a 
genomic region of approximately 100 kb [34, 
35]. The structure of FLT3 protein consists of  
4 regions: a) a N-terminal extracellular region 
consisting of five immunoglobulin-like domains, 
of which the three most distal from the plasma 
membrane are involved in ligand binding, while 
the proximal domains are involved in receptor 
dimerization; b) a transmembrane domain; c) a 
juxta-membrane (JM) domain; and d) an intra-
cellular C-terminal domain [36]. In AML, two 
types of FLT3 mutations are found - internal 
tandem duplication (FLT3-ITD) and point muta-
tion in tyrosine kinase domain (FLT3-TKD).  
Both FLT3-ITD and FLT3-TKD are constitutively 
activating, which leads to ligand-independent 
FLT3 signaling and cellular proliferation.

Another distinct mutation in the AML classifica-
tion is in the CCAAT/enhancer-binding protein 
alpha (C/EBPα) gene. The CEBPA gene maps  
to the chromosome band 19q13.1. It has a 
GC-rich (more than 70%) coding region within a 
single exon [37-39]. This gene encodes for a 
transcription factor involved in the regulation of 
myelopoiesis [40, 41]. Its expression occurs 
predominantly in myelomonocytic cells and  
is upregulated during granulocytic differentia-
tion [42, 43]. The C/EBPα comprises a homolo-
gous C-terminal DNA-binding (basic region), 
dimerization (leucine zipper) motifs (bZIP), and 
two less-conserved N-terminal transactivation 
domains (TAD). The differentiation of granulo-
cytes is further enhanced by Ras-mediated 
phosphorylation of serine 248 of the C/EBPα 
transactivation domain [44]. 

In this prospective study, we evaluated the 
prevalence and prognostic significance of 
NPM1, FLT3-ITD, and FLT3-TKD, CEBPA muta-
tions in adult CN-AML patients treated at All 
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India Institute of Medical Sciences, New Delhi, 
India. 

Materials and methods 

Patients 

This prospective exploratory study included de 
novo adult (≥18 years) patients with AML pre-
senting to the department of medical oncology 
between January 2014 and October 2017. The 
patients were diagnosed as AML based on  
morphology, cytochemistry, immunophenotyp-
ing, and cytogenetics. All patients underwent 
baseline karyotyping before the initiation of 
therapy. Only patients with normal cytogenetics 
were included in the study. Patients with recur-
rent cytogenetic abnormalities, secondary or 
relapsed AML, and insufficient samples were 
excluded. A total of 151 CN-AML patients were 
recruited in the present study. This study was 
conducted in accordance with the ethical  
standards of the World Medical Association’s 
Declaration of Helsinki after getting approval 
from the institutional ethics committee. Written 
informed consent was taken from all patients. 

Determination of NPM1, FLT3-ITD, and CEBPA 
mutations

Baseline BM samples were collected from all 
patient samples. BM mononuclear samples 
were isolated by Ficoll-Hypaque density gradi-
ent centrifugation. DNA was isolated from BM 
samples using a DNA extraction kit from Ther- 
mo Fisher Scientific, Waltham, Massachusetts, 
USA. Screening for NPM1, FLT3-ITD, FLT3-TKD 
and CEBPA gene mutations was carried out 
using published protocols [26].

Treatment 

All patients were treated with a uniform treat-
ment protocol comprising induction therapy 
with a 3+7 regimen [daunorubicin 60 mg/m2 for 
three days and cytosine arabinoside (ara-C) 
100 mg/m2 as a continuous infusion for seven 
days] [45]. BM examination was done at the 
end of induction therapy to assess remission 
status. Complete remission (CR) was defined 
as BM blasts <5%, absence of extramedullary 
blast proliferation, no dependence on blood 
transfusion, and absolute neutrophil count >1 
× 109/L, platelet count >100 × 109/L. The 
patients were given three cycles of high doses 

of ara-C at 18 g/m2 after achieving CR. Relapse 
was defined as the re-emergence of blasts in 
the peripheral blood, BM blasts >5%, or the 
development of extramedullary leukemia [1]. 

Patient follow-up and statistical analysis 

The patients were followed up in the Medical 
Oncology department. The last follow-up was 
carried out on December 23, 2020. Overall  
survival (OS) was defined as the duration from 
the date of diagnosis to last follow-up or, death 
due to any cause. Event-free survival (EFS)  
was measured as the time from the date of 
diagnosis to the date of last follow-up or the 
first event (relapse or death). The probability of 
EFS and OS was calculated using the Kaplan-
Meier method, with the differences being com-
pared using a two-sided log-rank test. 

Descriptive statistics were used to summarize 
baseline characteristics. Mann-Whitney-U test 
was used to compare continuous variables, 
while Fisher’s exact test was used to compare 
categorical variables. A p-value ≤0.05 (two-sid-
ed) was considered significant. The relationship 
between EFS and OS variables was calculated 
by constructing multivariate Cox proportional 
hazard models. All analyses were performed 
using the SPSS statistical software package, 
version 20.0/STATA software, version 11. 

Results 

A total of 151 adult patients ≥18 years were 
recruited in the study. All of them were cytoge-
netically normal by conventional karyotyping. 
The median age of the patients was 39 years 
(range 18-75 years). There were 115 (63.89%) 
males and 65 (36.11%) females. The lab 
parameters were median hemoglobin 7.9 gm/
dL (range 2.8-15.4 gm/dL); median total leuko-
cyte count (TLC) 21,300/µL (range 300 to 
411,000/µL), median platelet count 52,000/µL 
(range 1700-283,000). The median blast per-
centage in peripheral blood was 60% (range 
2-98%) while the median blast percentage in 
bone marrow was 70% (range 24-95%). 

Prevalence of genetic mutations

NPM1 mutations were found in 50/151 
(33.11%) patients (Figures 1 and 2). The preva-
lence of different NPM1 mutations found in our 
patient cohort is shown in Table 1. FLT3-ITD 
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mutation was found in 36 (23.84%) patients 
(Figure 3). Allelic ratio (mutant/wild allele) was 
high (>0.5) in 14 (9.27%) patients and low in  
22 (14.56%) patients. Fourteen patients had 
concurrent mutations in the NPM1 gene and 
FLT3-ITD. FLT3-TKD mutation was positive in 4 
(2.64%) cases. CEBPA mutations were found in 
TAD1 domain in 10 (6.62%) (Figures 4 and 5), 
TAD2 domain in 5 (3.31%) (Figures 6 and 7) 
and bZIP domain in 11 (7.82%) patients (Fig- 
ures 8 and 9). In addition, polymorphism in 
CEBPA gene was also seen (Figure 10). The 
overall prevalence of CEBPA mutations in our 
cohort is shown in Figure 11. Single allele 

mutations were positive in 11 (7.82%) cases. 
Biallelic mutations were positive in 12 (7.95%) 
cases. 

Association of genetic mutations with clinical 
and lab parameters

We did not find any significant association 
between the genetic mutations and the clinical 
and laboratory parameters viz., age, sex, hemo-
globin, platelet count, WBC count at diagnosis, 
and the BM blast percentage. The peripheral 
blood blast percentage at the time of diagnosis 
was lower in CN-AML patients with FLT3-ITD 
than in patients without this mutation (P=0.02). 

Figure 1. Detection of NPM1 mutation by fragment analysis. (A) NPM1-wild type showing only one peak, (B) Two 
peaks are seen at 297 bp and the other at 301 bp.

Figure 2. Detection of NPM1 mutation by sanger sequencing. (A) NPM1-wild type, (B) NPM1-mutated 
c.861_864insCTGC. 
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In our study, the presence of the mutations was 
not associated with CD34 and CD56 expres-
sion on leukemic blasts. Table 2 demonstrates 
the association of genetic mutations with base-
line characteristics in CN-AML patients. 

Survival analysis

Correlation of genetic mutations with patient 
outcome: Patients with NPM1 mutation had a 
better CR rate compared to NPM1 wild-type 
(P=0.003). However, FLT3-ITD and CEBPA did 
not correlate with CR (P=0.404 and 0.92, 

respectively). NPM1 mutation was associated 
with better EFS [hazard ratio (HR) 0.34, 95% CI: 
0.17-0.69; P=0.0014] and OS [HR 0.44, 95% 
confidence interval (CI): 0.26-0.75; P=0.0017] 
(Figures 12 and 13). Biallelic mutation of 
CEBPA was associated with better OS [HR 
2.05e-16, 95% CI: 0; P=0.043]. However, it had 
no effect on EFS [HR 0.85, 95% CI: 0.31-2.36; 
P=0.76]. FLT3-ITD did not show any correlation 
with survival. In 22/36 FLT3-ITD mutated 
patients, the allelic ratio was <0.5. This could 
explain the non-correlation of FLT3-ITD with 
survival. Since FLT3-TKD was present only in 4 

Table 1. Prevalence of NPM1 mutation in our cohort
NPM1 GENE Nucleotide sequence Protein sequence Frequency
Wild GAT CTC TGG CAG TGG AGG AAG TCT CTT TAA GAA AAT AG DLWQWRKSL stop 101
c.860-863dupTCTG GAT CTC TGT CTG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCLAVEEVSLRK stop 40 (80%)
c.861_864insCTGC GAT CTC TGC CTG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCLAVEEVSLRK stop 3 (6%)
c.864_867insTATG GAT CTC TGT ATG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCMAVEEVSLRK stop 2 (4%)
c.863_866insGCCG GAT CTC TGC CGG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCRAVEEVSLRK stop 1 (2%)
c.859 TC>CTATGCA GAT CTA TGC ATG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCMAVEEVSLRK stop 1 (2%)
c.861G>ATGCA GAT CTA TGC ATG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCMAVEEVSLRK stop 1 (2%)
c.861_864insATGC GAT CTA TGC ATG GCA GTG GAG GAA GTC TCT TTA AGA AAA TAG DLCMAVEEVSLRK stop 1 (2%)
c.867_870insGCGT GAT CTC TGG CAG CGT GTG GAG GAA GTC TCT TTA AGA AAA TAG DLWQRVEEVSLRK stop 1 (2%)

Figure 3. Detection of FLT3-ITD mutation by fragment analysis. (A) FLT3-wild type showing only one peak, (B) Two 
peaks are seen. One at 329 bp and the other at 350 bp signifying internal tandem duplication of 21 bp. The allelic 
ratio is >0.5, (C) Two peaks are seen. The allelic ratio is <0.5, (D) Two peaks are seen. The allelic ratio is <0.5. 
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patients, we did not evaluate it for survival 
analysis. 

Discussion

In this study, we determined the prevalence  
of NPM1, FLT3, and CEBPA mutations in 151 
adult CN-AML patients at a tertiary care centre 
in India. In our study, NPM1 mutations were 
detected in 33.11% CN-AML patients. NPM1 
mutations have been previously reported to 
have an incidence of 28-35% in adult AML, of 

which 48-53% are found in CN-AML. It is less 
frequently mutated in children (2.8%) [10, 25, 
46-49]. NPM1 mutation has been reported  
to be more frequent in adult female AML 
patients compared to males [10, 20, 25, 47-50]. 
Contrary to this, the males were found to have 
a higher NPM1 mutation rate (54%) in our 
study. This could be due to presence of more 
male patients in our cohort. We found a median 
age of 36.5 years (range 18-75) in our patients, 
which was lower than those reported by previ-
ous studies [10, 49-52]. Interestingly, a previ-

Figure 4. Detection of CEBPA TAD1 mutation by fragment analysis. (A) CEBPA-wild type showing only one peak-288 
bp, (B) Two peaks-269.33 bp and 292 bp are seen in a CEBPA mutated case. 

Figure 5. Detection of CEBPA TAD1 mutation by Sanger sequencing (A) CEBPA-wild type, (B) CEBPA TAD1 mutated 
c.295G>T p.E89* resulting in premature stop codon: truncated protein. 
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ous multicentric study has highlighted the bio-
logic differences within immunophenotypically 
defined subgroups of NPM1-mutated AML that 
may have prognostic relevance [50]. This as- 
pect has not been investigated in the current 
study. Akin to previous studies, we also found 
that NPM1 mutated AML patients had better 
EFS [HR 0.34, 95% CI: 0.17-0.69; P=0.0014] 
and OS [HR 0.44, 95% CI: 0.26-0.75; P=0.0017] 
[10, 25, 27, 47-49, 53]. 

FLT3-ITD was detected in 23.84% CN-AML 
patients. Although, the prevalence of FLT3-ITD 
corroborates with previous studies [6-8, 16, 
54], the higher WBC count at diagnosis and 
poorer prognosis in such patients reported by 
these researchers were not present in our 
study. The plausible reason for this may be the 
presence of a lower allelic ratio (<0.5) in most 
of the patients. This finding is consistent with 

an inferior outcome compared to the wild type. 
However, both had similar poor outcomes at 
age >60 years. In their pediatric cohort, the 
FLT3-ITD with low allelic ratio without NPM1 
mutation was found not to have an adverse 
prognosis which made them conclude the 
requirement of a larger-scale study to analyse 
the biology of the disease [15]. FLT3-ITD muta-
tions have also been associated with a higher 
percentage of BM blast cells, an increased risk 
of relapse, and reduced survival by researchers 
[9, 60, 61]. In agreement with their findings, the 
BM blast cells percentage was significantly 
higher [median 77% (range 24-95%)] in AML 
patients with FLT3-ITD in our study. A recent 
report also highlights that NPM1 mutation with 
high variant allele frequency (VAF) or an abun-
dance of the mutated allele at the time of diag-
nosis has an independent prognostic implica-
tion of poor outcome in de novo AML with or 

Figure 6. Detection of CEBPA TAD2 mutation by fragment analysis. (A) CEB-
PA-wild type showing only one peak, (B) Two peaks are seen in a CEBPA 
mutated case. 

ELN criteria that FLT3-ITD low 
allele ratios predict a better 
prognosis in AML [1]. A similar 
prognosis has also been re- 
ported by Pratcorona et al., de 
Jonge et al., Schnittger S et 
al., Ho A.D. et al. [10, 55-57]. 
Contrary to this, Gale et al., 
Linch et al., Schlenk et al., 
Straube et al., and Sakaguchi 
et al. have reported poor prog-
noses even in AML patients 
with FLT3-ITD with low allelic 
ratios [15, 16, 54, 58, 59]. 
The concurrent FLT3-ITD and 
NPM1 mutations were found 
in 14 patients (28%). This inci-
dence is less as compared to 
38.1% reported by Schnittger 
S et al. [56]. de Jonge et al. 
found simultaneous mutati- 
ons of NPM1 and FLT3-ITD in 
15% AML patients [55]. The 
low allelic ratio in most of our 
patients can explain the non-
association of FLT3-ITD with 
survival, even in patients wi- 
th NPM1 mutations. Straube 
et al. correlated the NP- 
M1+FLT3-ITD-low allele ratio 
and NPM1+FLT3-wild type wi- 
th age and found that in <60 
years, the low allele ratio had 
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Figure 7. Detection of CEBPA TAD2 mutation by Sanger sequencing. (A) CEBPA-wild type, (B) CEBPA TAD2 mutated. 
Out-of-frame insertion. 

Figure 8. Detection of CEBPA bZIP mutation by fragment analysis. (A) CEB-
PA-wild type showing only one peak, (B) Two peaks are seen in a CEBPA 
mutated case. 

without evidence of co-muta-
tions and clinical variables 
[51]. FLT3-TKD was positive in 
only four patients (2.64%) in 
our study. Hence, the prog- 
nostic relevance of FLT3-TKD 
could not be assessed. 

The prevalence of CEBPA 
mutation was 15.77%. Single 
allele mutations were positive 
in 11 (7.82%) cases. Biallelic 
mutations were positive in 12 
(7.95%) cases. This prevalen- 
ce is slightly higher than the 
range of 5-14% CEBPA muta-
tions in CN-AML reported by 
other researchers [33, 62-67]. 
There are, however, variations 
in the single and double mu- 
tations documented. Initially, 
only biallelic mutations were 
considered a good prognos- 
is, but recent findings have 
shown that site-specific mu- 
tations are important. The 
site-wise mutations were fur-
ther subdivided as TAD1 10 
(6.62%), TAD2 5 (3.31%), and 
bZIP 11 (7.82%). bZIP muta-
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Figure 9. Detection of CEBPA bZIP mutation by Sanger sequencing. (A) CEBPA-wild type, (B) CEBPA bZIP mutated 
case. 

Figure 10. Detection of CEBPA polymorphisms. (A) CEBPA-wild type, (B) SNP identified: rs34529039. cDNA position 
810, protein position 230, amino acids T/T, codons acG/acT, consequences-synonymous variant. 

tions have gained significance, with two recent 
studies describing how bZIP site mutations  
play an independent prognostic role in overall 
and disease-free survival in single and double 

mutated allele states [67, 68]. Previous studies 
on gene expression profiling have expressed 
that in-frame insertion/deletion mutations af- 
fecting the bZIP domain in a single or double 
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Figure 11. Prevalence of CEBPA mutations in our cohort. 

mutated allele state did not show a unique 
gene expression profile and were less distinct 
from the biallelic CEBPA AML [64, 65]. The lat-
est finding from Taube et al. showed that 90% 
of CEBPA bi-mutant cases carry bZIP in-frame 
mutations explaining the previous analyses 
[67]. van Doorn-Khosrovani et al. had reported 
that bZIP mutations were associated with 
N-terminal mutation in the different alleles in 
most cases [63]. 

The survival analysis in our study showed that 
biallelic mutation of CEBPA was associated 
with better OS [HR 2.05e-16, 95% CI: 0; P= 
0.043]. However, it had no effect on EFS [HR 
0.85, 95% CI: 0.31-2.36; P=0.76]. The bZIP 
mutations are the most common mutation  
site in our study, and a higher occurrence of bi-
allelic mutations with them gave the added 
advantage in the prognosis. 

Regarding clinical parameters seen in CEBPA-
positive patients, the Hb and WBC counts were 
higher, and the platelet counts were lower at 
diagnosis than in NPM1 and FLT3-ITD-positive 
patients. This finding is in agreement with pre- 
vious studies [33, 62, 64, 65]. The peripheral 
blast count was notwithstanding lesser than 
NPM1 positive AML. 

The median age of 35 years 
(range 18-74), a slightly yo- 
unger than reported in other 
studies, also points toward 
the new inference of bZIP 
mutation CEBPA being more 
associated with a younger age 
group [67, 68]. Further hypo- 
thesis about presence of in- 
creased WBC count at the 
time of diagnosis regarding 
bZIP mutation also concurs 
with our study. Only a few 
studies have commented on 
male predisposition in CEBPA 
positive AML. Van Doorn-
Khosrovani S et al. also found 
a slight male predominance 
similar to our study. 

Limitations of the study 

There are certain limitations 
in the current study. The first 

limitation of the study is less sample size. The 
prevalence of genetic mutations in AML should 
be studied in a larger sample size. Secondly, 
the bZIP in-frame mutations were not evaluat-
ed separately in the present study despite this 
subset comprising the maximum site of muta-
tions of CEBPA. Recent updates provide critical 
insight into bZIP mutations, so this mutation 
should be paramount in managing Indian CN- 
AML patients. We expect a more extensive 
study emphasizing the bZIP site mutations of 
CEBPA to address this issue. 

Conclusion

In conclusion, our study has shown the prog-
nostic relevance of NPM1, FLT3, and CEBPA 
gene mutations in adult CN-AML patients. We 
found that NPM1 and CEBPA mutations were 
associated with a good prognosis. We did not 
find any correlation between FLT3-ITD mutation 
and patient outcome. However, this should be 
viewed in light of certain limitations of this 
study, which primarily relate to a small number 
of patients. Therefore, there is a need for pro-
spective studies involving a larger number of 
CN-AML patients. Additionally, the prognostic 
relevance of in-frame bZIP mutations should 
also be tested.
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Figure 12. Kaplan-Meier event-free survival (EFS) estimates according to mutations of (A) NPM1, (B) FLT3-ITD, (C) 
CEBPA. 

Figure 13. Kaplan-Meier overall survival (OS) estimates according to mutations of (A) NPM1, (B) FLT3-ITD, (C) CEBPA. 

Table 2. Association of genetic mutations with baseline characteristics in CN-AML patients

Characteristics
NPM1 FLT3-ITD CEBPA

Wild 
(n=101)

Mutant 
(n=50) p-value Negative 

(n=115)
Positive 
(n=36) p-value Wild 

(n=128)
Mutant 
(n=23) p-value

Age at diagnosis (years) 0.48 0.68 0.86

    Median 36 36.5 36 36.5 37 35

    Range 18-74 18-75 18-74 18-75 18-75 18-74

Sex, n (%) 0.066 0.16 0.12

    Male 70 (69.3) 27 (54) 70 27 79 18

    Female 34 (33.66) 23 (46) 45 9 49 5

Hemoglobin (g/dL) 0.96 0.67 0.23

    Median 8 7.8 8 7.55 7.7 8.9

    Range 2.8-14 3.5-15.4 2.8-15.4 3.8-13.7 2.8-17.3 6.5-13

Platelets (× 109/L) 0.09 0.45 0.12

    Median 52.5 69 54 55 57 37

    Range 1-73 15-283 1-73 6.3-283 1-73 7-141

WBC (× 109/L) 0.20 0.62

    Median 22.55 28.25 22.8 23.2 0.71 20.5 35.1

    Range 0.24-411 0.76-282 0.24-411 4.4-278 2.4-411 0.68-242

Peripheral blood blast, (%) 0.93 0.02 0.93

    Median 61 75 63 55 63 63

    Range 2-98 7-96 2-98 4-96 2-98 30-95

Bone marrow blasts, (%) 0.36 0.22 0.87

    Median 75 77.5 75 77 80 75

    Range 24-95 60-95 60-95 24-95 60-95 40-95
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