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Introduction

Acute myeloid leukemia (AML) is extremely 
heterogeneous and quickly progressing aggressive 
malignancy of the hematopoietic myeloid progenitor 
cells and the most frequent acute leukemia found in 
adults with an increasing incidence with age (Estey and 
Döhner, 2006). It is characterized by poor differentiation 
and abnormal clonal proliferation of immature myeloid 
precursor cells in the bone marrow which leads to 
accumulation of nonfunctional myeloblasts, abnormal 
hematopoiesis, bone marrow failure, and peripheral blood 
cytopenias, raising the risk of serious infections, anemia, 
bleeding, and other complications in patients (Döhner et 
al., 2015). 

The identification of genetic mutations and epigenetic 
aberrations additional to classical molecular markers have 
been implicated in the diagnosis, prognosis and can also 
guide treatment of AML (Lagunas-Rangel et al., 2017)
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IDH1 and IDH2 are two isoforms of Isocitrate 
dehydrogen gene (IDH) they encode for NADP-dependent 
isocitrate dehydrogenase, which is found in the cytosol 
and mitochondria, respectively. This enzyme is a key 
metabolic enzyme that catalyzes decarboxylation of 
isocitrate into alpha-ketoglutarate in Krebs cycle. TET 
proteins use this alpha-ketoglutarate during histone 
demethylation (Prada-Arismendy et al., 2017). IDH1/2 
mutations in AML patients are heterozygous and often 
affect conserved arginine (R) residues found in the 
catalytic region of the enzyme (Ward et al., 2013). IDH1 
and IDH2 genes located on chromosomes 2q33 and 16q26, 
respectively. IDH2 gene mutations are most common in 
AML, involving 8–19% of patients, and they are more 
common in older and intermediate-risk patient populations 
(Montalban-Bravo and DiNardo, 2018). IDH1 mutation 
occurs in 7− 14% of AML patients (Medeiros et al., 2017; 
Montalban-Bravo and DiNardo, 2018). 

The detection of clinical and biological effects of 
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isoforms 1 and 2 mutations of isocitrate dehydrogenases 
(IDH) result in the creation of a customized treatment 
strategy. Stimulating the differentiation and maturation 
of the cancerous clone targeting IDH is an emerging plan 
to enhance clinical responses in AML (Cerchione et al., 
2021) 

Ten–Eleven Translocation gene2 (TET-2) has 
pleiotropic function during hematopoiesis, including stem 
cells’ capacity for self-renewal, lineage commitment, 
and terminal of monocytes differentiation (Solary et 
al., 2014). It is located on the chromosome 4q24 region 
and have 11 exons (Albano et al., 2011) , Its proteins 
are ketoglutarate and Fe2+ dependent enzymes able to 
change DNA methylation state (Ko et al., 2011) . TET2 
performs the conversion of 5-methyl-cytosine (5-mc) 
to 5-hydroxymethyl-cytosine (5-hmc), it is abundantly 
expressed in hematopoietic stem cells, thus, any mutation 
in the TET2 gene could cause the dysfunction of normal 
hematopoietic stem cells and disrupt the normal stem cell 
differentiation process through epigenetic modification 
(Feng et al., 2019 ; Wang et al., 2019) . TET2 gene was 
identified to be mutated in a numerous myeloid disorder 
(Weissmann et al., 2012). TET2 mutations are almost 
mutually exclusive with IDH1/2 mutations, however they 
can co-occur with NPM1, FLT3, JAK2, RUNX1, CEBPA, 
CBL, and KRAS gene mutations (Liu et al., 2014). About 
7.7–27.4% of patients with AML have been reported with 
TET2 mutations (Gaidzik et al., 2012; Liu et al., 2014).

Our aim in this study is to investigate the frequency of 
genetic alterations in IDH1/2 and TET2 genes in Egyptian 
adult patients with de novo AML. Furthermore, the 
association of IDH1/2 and TET2 genetic Polymorphism 
with disease prognostic criteria and explore prognostic 
molecular markers with clinical outcome.

Materials and Methods

One hundred forty one adult Egyptian patients 
fulfilling the AML diagnostic criteria were the subject of 
the study. Patients’ ages varied from 18 to 74 years, with 
a median of 41 years, and they included 65 males (46.1% 
of patients) and 76 females (53.9% of patients). Between 
February 2019 and December 2021, they presented to the 
Medical Oncology clinics at Cairo University’s National 
Cancer Institute (NCI). The study was authorized by the 
Institutional Review Board (IRB) in accordance with the 
Helsinki declaration of studies involving human subjects 
after written informed permission was acquired from 
each patient.

Standard methods including complete blood picture, 
bone marrow aspirate, morphology, cytochemistry, 
immunophenotyping, cytogenetic analysis and molecular 
genetics were used to diagnose AML patients. Patients’ 
clinical characteristics are shown in Table 1 and routine 
molecular detection of NPM1, FLT3-ITD, FLT3-TKD and 
DNMT3A were performed. ELN 2017 classification of 
AML patients into low, intermediate and high risk groups 
was used to categorize the patients (Döhner et al., 2017). 
All patients received standard induction chemotherapy 
with 3+7 protocol (idarubicin as short infusion for 3 
days with cytarabine 100mg/m2 continuous infusion for 

7 days).

Isolation of DNA
Bone marrow samples or Whole blood samples were 

collected in the K2-EDTA tubes, Genomic DNA was 
isolated using QIAamp DNA blood Mini Kit (QIAGEN) 
(Cat no 51104). The quality of genomic DNA was assessed 
by using 2% agarose gel electrophoresis and the quantity 
of DNA was estimated by the spectrophotometer at 
absorbance of 260 nm. 

The SNP assay for IDH1, IDH2 and TET2 gene 
polymorphisms was done using Thermo-Fisher predesigned 
SNP, USA, Quantstudio 3 Real-time PCR device included 
three polymorphisms that are C_167891677_20, 
rs121913500, C_163475619_10, rs121913503 and 
C_11566753_20, rs2454206 respectively.

Statistical Methods 
IBM SPSS advanced statistics (Statistical Package 

for Social Sciences), version 24, was used to analyze 
the results (SPSS Inc., Chicago, IL). The median, range, 
or mean and standard deviation were used to express 
numerical data, whereas the number and percentage 
were used to describe qualitative data. The relationship 
between qualitative variables was investigated using the 
Pearson’s Chi-square (Fisher’s exact) test. Patients with 
AML were followed up using the Kaplan-Meier technique, 
and the log-rank test was used to compare two survival 
curves. To determine if statistically significant factors had 
independent prognostic effects at the univariate level, Cox 
regression analysis was used. The hazard ratio (HR) and 
its 95% confidence interval were then calculated (CI). 
All tests were two-tailed. A p-value of 0.05 or less was 
regarded as statistically significant. 

Results

Demographic, clinical and laboratory data of the 
studied group are represented in Table 1. IDH mutations 
occurred in 11/141 (7.8%) patients. IDH1&2 were 
mutually exclusive, IDH1 mutation was found in 5/141 
(3.5%) patients, while IDH2 mutation was found in 
6/141 (4.3%) patients. TET2 mutation (Homozygous and 
heterozygous mutations) was positive in 72/141 (51.1%) 
patients, TET2 Homozygous mutation was positive in 
15/141 (10.7) while TET2 heterozygous mutation was 
positive in 57/141(40.4%) patients. DNMTA mutation was 
positive in 14/140 (10.1%) patients. FLT3-TKD mutation 
was positive in 6/140 (4.3%) patients. FLT3-ITD mutation 
was positive in 45/140 (31.9%) patients while patients had 
FLT3-ITD with a high (>0.5) allelic ratio 25/45 (55.6%) 
patient. NPM1 mutation was positive in 21/128 (16.4%) 
patients.

There was no significant relationship between mutant 
and unmutated AML patients in terms of the IDH &TET2 
mutations and the laboratory and clinical data as presented 
in Table 2. Statistical significance was encountered 
between TET2 mutation and aberrant expression of CD7 
and MHC Class II (p value 0.018, 0.037 respectively). 
FLT-TKD gene showed a statistical association with 
mutant type TET2 (p=0.014) (Table 2). 

According to the European Leukemia Net (ELN) 2017 
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Frequency (%)

Age (n=141)

     ≤40 69 (48.9)

     >40 72 (51.1)

     Median (range) 41.0 (18-74)

Gender (n=141)

     Female 65 (46.1)

     Male 76 (53.9)

TLC (n=137)

     ≤100 X109/L 97 (70.8)

     >100x109/L 40 (29.2)

     Median (range) 33 (1.38-452.9)

Hemoglobin (n=137)

     ≤10 g/dl 123 (89.8)

     >10 g/dl 14 (10.2)

     Median (range) 7.3 (3.5-15.7)

Platelets (n=137)

     ≤100x109/L 112 (81.8)

     >100x109/L 25 (18.2)

     Median (range) 45.0 (2.0-312.0)

Pb blast % (n=141)

     ≤50 37 (26.2)

     >50 104 (73.8)

     Median (range) 70.0 (5.0-99.0)

BM blast% (n=141)

     ≤50 20 (14.2)

     >50 121 (85.8)

     Median (range) 76.0 (20.0-98.0)

Cellularity (141)

     Hypercellular 120 (85.1)

     Normocellular 13 (9.2)

     Hypocellular 8 (5.7)

FAB Classification (141)

     M0 4/141 (2.8)

     M1 31/141 (22.0)

     M2 41/141 (29.1)

     M4 47/141 (33.3)

     M5 15/141 (10.6)

     M7 1/141 (0.7)

     MPAL 2 (1.4)

FAB Classification (134)

     M1&M2 72 (53.7)

     M4&M5 62 (46.3)

Complete Remission (100)

     CR 51 (51.0)

     NO CR 49 (49.0)

Lymphadenopathy (134)

     No 78 (58.2)

     Yes 56 (41.8)

Organomegaly (134)
     No 85 (63.4)
     Yes 49 (36.6)

Frequency (%)

FLT3-ITD (141)

     Wild 96 (68.1)

     Mutant 45 (31.9)

ITD ratio (n= 45)

     ≤0.525 20 (44.4)

     >0.525 25 (55.6)

     Median (range) 0.58 (0.05-4.94)

FLT3-TKD (140)

     Wild 134 (95.7)

     Mutant 6 (4.3)

NPM (128)

     Wild 107

     Mutant 21

NPM&FLT3 (128)

     Favourable 17 (13.3)

     Unfavorable 13 (10.2)

     Intermediate 98 (76.6)

DNMTA (139)

     Wild 125 (89.9)

     Mutant 14 (10.1)

IDH1 (141)

     Wild 136 (96.5)

     Mutant 5 (3.5)

IDH2 (141)

     Wild 135 (95.7)

     Mutant 6 (4.3)

IDH1&IDH2 (141)

     Wild 130 (92.2)

     Mutant 11 (7.8)

TET2 (141)

     Wild 69 (48.9)

     Mutant 72 (51.1)

TET2 (141)

     Hetero 57 (40.4)

     Homo 15 (10.7)

     Wild 69 (48.9)

CD34 (140)

     Positive 69 (49.3)

     Negative 71 (50.7)

Dr (140)

     Positive 100 (71.4)

     Negative 40 (28.6)

CD7 (140)

     Positive 23 (16.4)

     Negative 117 (83.6)

OS time (months) median (range) 2.07 (0.10-40.72)

Table 1. Descriptive Parameters of 141 Adult Patients 
with Acute Myeloid Leukemia

Table 1. Continued

PB, peripheral blood; TLC, total leukocyte count; BM,bone marrow; 
CR, complete remission; OS, Overall survival; FLT3-ITD, FMS-
like tyrosine kinase3internal tandem duplication; FLT3-TkD, 
FMS-like tyrosine kinase3 tyrosine kinase domain; IDH, Isocitrate 
dehydrogenase; TET2, Ten–Eleven Translocation gene2; NPM1, 
Nucleophosmin; DNMTA, DNA Methyltransferase
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IDH1&IDH2 TET2
Either IDH1 and or 

IDH2 mutant
both wild P 

value
TET2 Mutant N=72 

(51.1%)
TET2 Wild N=69 

(48.9%)
p value

Gende (n=141)
     Female 4 (36.4) 61 (46.9) 0.5 37 (51.4) 28 (40.6) 0.198
     Male 7 (63.6) 69 (53.1) 35 (48.6) 41 (59.4)
Age (n=141)
     ≤40 5 (45.5) 64 (49.2) 0.81 35 (48.6) 34 (49.3) 0.937
     >40 6 (54.5) 66 (50.8) 37 (51.4) 35 (50.7)
TLC X109/L (n=137)
     ≤100 9 (90.0% 88 (69.3) 0.166 51 (73.9) 46 (67.6) 0.42
     >100 1 (10.0) 39 (30.7) 18 (26.1) 22 (32.4)
Hb g/dl (n=137)
     ≤10 9 (90.0) 114 (89.8) 0.981 64 (92.8) 59 (86.8) 0.247
     >10 1 (10.0) 13 (10.2) 5 (7.2) 9 (13.2)
Plts X109/L (n=137)
     ≤100 9 (90.0) 103 (81.1) 0.483 55 (79.7) 57 (83.8) 0.533
     >100 1 (10.0) 24 (18.9) 14 (20.3) 11 (16.2)
PB blasts %(n=141)
     ≤ 50 3 (27.3) 34 (26.2) 0.935 19 (26.4) 18 (26.1) 0.968
     > 50 8 (72.7) 96 (73.8) 53 (73.6) 51 (73.9)
BMA blast%(n=141)
     ≤ 50 1 (9.1) 19 (14.6) 0.614 7 (9.7) 13 (18.8) 0.121
     > 50 10 (90.9) 111 (85.4) 65 (90.3) 56 (81.2)
FAB classification
     M1&M2 8 (72.7) 64 (52.0) 0.187 40 (57.1) 32 (50.0) 0.407
     M4&M5 3 (27.3) 59 (48.0) 30 (42.9) 32 (50.0)
LNS (n=134)
     No 6 (54.5) 72 (58.5) 0.797 37 (54.4) 41 (62.1) 0.366
     Yes 5 (45.5) 51 (41.5) 31 (45.6) 25 (37.9)
Organomegally(n=134)
     No 8 (72.7) 77 (62.6) 0.504 41 (60.3) 44 (66.7) 0.444
     Yes 3 (27.3) 46 (37.4) 27 (39.7) 22 (33.3)
CD34(n=140)
     No 6 (54.5) 65 (50.4) 0.791 35 (48.6) 36 (52.9) 0.609
     Yes 5 (45.5) 64 (49.6) 37 (51.4) 32 (47.1)
DR(n=140)
     No 3 (27.3) 37 (28.7) 0.921 15 (20.8) 25 (36.8) 0.037
     Yes 8 (72.7) 92 (71.3) 57 (79.2) 43 (63.2)
CD7(n=140)
     No 11 (100.0) 106 (82.2) 0.126 55 (76.4) 62 (91.2) 0.018
     Yes 0 (0.0) 23 (17.8) 17 (23.6) 6 (8.8)
FLT3-ITD (n=141)
     Mutant 1 (9.1) 44 (33.8) 0.091 21 (29.2) 24 (34.8) 0.475
     Wild 10 (90.9) 86 (66.2) 51 (70.8) 45 (65.2)
ITD Ratio (n=45)
     ≤0.525 0 (0.0) 20 (45.5) * 11 (52.4) 9 (37.5) 0.316
     >0.525 1 (100.0) 24 (54.5 10 (47.6) 15 (62.5)

Table 2. Relationship between IDH1&IDH2 and TET2 Mutation and the Different Laboratory and Clinical Findings 
in Adult Acute Myeloid Leukemia Patients
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IDH1&IDH2 TET2
Either IDH1 and 
or IDH2 mutant

both wild P 
value

TET2 Mutant 
N=72 (51.1%)

TET2 Wild N=69 
(48.9%)

p value

TKD (n=140)
     Mutant 0 (0.0) 6 (4.7) 0.465 6 (8.5) 0 (0.0) 0.014
     Wild 11 (100.0) 123 (95.3) 65 (91.5) 69 (100.0)
NPM (n=128)
     Mutant 1 (10.0) 20 (16.9) 0.569 8 (12.5) 13 (20.3) 0.233
     Wild 9 (90.0) 98 (83.1) 56 (87.5) 51 (79.7)
DNMTA(n=139)
     Mutant 1 (9.1) 13 (10.2) 0.91 4 (5.7) 10 (14.5) 0.086
     Wild 10 (90.9) 115 (89.8) 66 (94.3) 59 (85.5)
IDH1&IDH2
     Either IDH1 and or IDH2 mutant - - 6 (8.3) 5 (7.2) 0.81
     Both wild - - 66 (91.7) 64 (92.8)
TET2 gene
     mutant TET2 gene 6 (54.5) 66 (50.8) 0.81 - -
     wild TET2 gene 5 (45.5) 64 (49.2) - -
BMA cellularity
     Hypercellular 7 (63.6) 113 (86.9) 0.083 59 (81.9) 61 (88.4) 0.388
     Hypocellular 2 (18.2) 6 (4.6) 4 (5.6) 4 (5.8)
     Normocellular 2 (18.2) 11 (8.5) 9 (12.5) 4 (5.8)
combined FLT3&NPM (n=128)
     Favourable (n=17) 1 (5.9) 16 (94.1) 0.847 4 (6.3) 9 (14.1) 0.097
     Unfavorable (n=13) 0 (0.0) 13 (100) 50 (78.1) 39 (60.9)
     Intermediate (n=98) 9 (9.2) 89 (90.8) 10 (15.6) 16 (25.0)

Table 2. Continud

*, p value cannot be calculated because of small number within strata

risk classification, 17/128 (13.3%) were classified low 
risk (NPM1 positive and AR<0.5), 13/128(10.2%) high 
risk (NPM1 negative and AR>0.5) and 98/128 (76.6%) 
intermediate risk (NPM1 positive and AR>0.5) as shown 
in Table 3. 

Hundred out of the 141 (70.9%) patients received 
induction chemotherapy, complete remission (CR) was 
achieved in 51 patients (51.0%), 8(8.0%) failed to achieve 
CR, and 41 (41.0%) died before reaching day 28. 41/141 
(29.1%) patients with no available data as the patient 
refused therapy either due to treatment toxicity and/or 
his/her physical condition. 

The overall survival (OS) was studied as regards the 
different parameters (Table 4). Patients with complete 
clinical data (111/141) were followed for a median of 2.07 
months (range 0.10 - 40.72). The median overall survival 
was 2.07 months while the cumulative overall survival 
at 2 years was 0.198 %. Significant inferior survival was 
found in the female patients as compared to male group 
(p value 0. 014). Moreover, significant inferior overall 
survival was found in patients with FlT3-ITD as compared 
to the wild group, patients with wild NPM as compared 
to the mutant group (p value 0.035, 0.005 respectively) 
(Figure 1). Multivariate analysis using Cox regression 
hazard model to obviate the effect of confounders 
indicated that risk stratification according to ELN 2017 

was the only independent prognostic factors for OS, 
being in the unfavorable category was associated with 
increased risk about eight times than being in favourable 
category, while being in the intermediate was associated 
with increased risk about 4.7 times than in favourable one, 
HR=8.2 , 4.7 respectively with 95% CI (2.2 →29.6 and 
1.49 →15.2 , respectively ) P-value <0.001 and 0.008, 
respectively.

The median of Disease-free survival (DFS) was 11.55 
months while the cumulative DFS at 1 year was 0.290 % 
(Table 5). The Disease-free survival of the studied group 
revealed also a significant inferior DFS in the female 
patients and patients > 40 years (p value 0.008, 0.048 
respectively). Moreover, significant inferior DFS was 
found in the wild NPM patients as compared to Mutant 
group (p value 0.036) (Figure 2). Multivariate analysis 
using Cox regression hazard model to obviate the effect 
of confounders indicated that risk stratification according 
to ELN 2017 was the only independent prognostic factors 
for DFS, being in the unfavorable category was associated 
with increased risk about sixteen times than being in 
favourable category, while being in the intermediate was 
associated with increased risk about 3.7 times than in 
favourable one, HR=16.0 , 3.7 respectively with 95% CI 
(2.08 →123.56 and 0.88 →15.8 , respectively ) p-value 
0.008 and 0.049, respectively.
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Combined FLT3&NPM with ITD ratio p value
Favourable (n=17) Unfavorable (n=13) Intermediate (n=98)

Gender
     Female 5a (29.4%) 10b (76.9%) 49a, b  (50.0%) 0.036
     Male 12a (70.6%) 3b (23.1%) 49a, b  (50.0%)
Age (years)
     ≤40 8 (47.1%) 9 (69.2%) 46 (46.9%) 0.314
     >40 9 (52.9%) 4 (30.8%) 52 (53.1%)
TLC (n=124)
     ≤100 13 (76.5%) 7 (58.3%) 73 (76.8%) 0.398
     >100 4 (23.5%) 5 (41.7%) 22 (23.2%)
Hb (n=124)
     ≤10 15 (88.2%) 12 (100.0%) 83 (87.4%) 0.541
     >10 2 (11.8%) 0 (0.0%) 129 (12.6%)
PLTs (n=124)
     ≤100 14 (82.4%) 12 (100.0%) 75 (78.9%) 0.221
     >100 3 (17.6%) 0 (0.0%) 20 (21.1%)
PB blasts
     ≤ 50 3 (17.6%) 2 (15.4%) 32 (32.7%) 0.308
     > 50 14 (82.4%) 11 (84.6%) 66 (67.3%)
BMA blast
     ≤ 50 3 (17.6%) 1 (7.7%) 16 (16.3%) 0.835
     > 50 14 (82.4%) 12 (92.3%) 82 (83.7%)
BMA cellularity
     Hypercellular 16 (94.1%) 11 (84.6%) 80 (81.6%) 0.632
     Hypocellular 1 (5.9%) 1 (7.7%) 6 (6.1%)
     Normocellular 0 (0.0%) 1 (7.7%) 12 (12.2%)
FAB (n=122)
     M1&M2 7 (41.2%) 7 (53.8%) 49 (53.3%) 0.648
     M4&M5 10 (58.8%) 6 (46.2%) 43 (46.7%)
CR (n=90)
     No 2a  (18.2%) 8b  (72.7%) 35a, b (51.5%) 0.034
     Yes 9a  (81.8%) 3b (27.3%) 33a, b (48.5%)
LNS (n=121)
     No 12 (70.6%) 7 (58.3%) 51 (55.4%) 0.509
     Yes 5 (29.4%) 5 (41.7%) 41 (44.6%)
Organomegally (n=121)
     No 11 (64.7%) 6 (50.0%) 57 (62.0%) 0.689
     Yes 6 (35.3%) 6 (50.0%) 35 (38.0%)
CD34 (n=127)
     No 15a (88.2%) 5b (38.5%) 47b (48.5%) 0.004
     Yes 2a (11.8%) 8b (61.5%) 50b (51.5%)
DR (n=127)
     No 4 (23.5%) 3 (23.1%) 32 (33.0% 0.676
     Yes 13 (76.5%) 10 (76.9%) 65 (67.0%)
CD7 (n=127)
     No 17 (100.0%) 11 (84.6%) 78 (80.4%) 0.135
     Yes 0 (0.0%) 2 (15.4%) 19 (19.6%)

Table 3. Relationship between Combined FLT3&NPM and the Different Laboratory and Clinical Findings in Adult 
Acute Myeloid Leukemia Patients
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Combined FLT3&NPM with ITD ratio p value
Favourable (n=17) Unfavorable (n=13) Intermediate (n=98)

TKD (n=127)
     Mutant 1 (5.9%) 0 (0.0%) 5 (5.2%) 1
     Wild 16 (94.1%) 13 (100.0%) 92 (94.8%)
DNMTA (n=126)
     Mutant 2 (12.5%) 1 (7.7%) 11 (11.3%) 1
     Wild 14 (87.5%) 12 (92.3%) 86 (88.7%)
IDH1&IDH2
     Either IDH1 and or IDH2 mutant 1 (5.9%) 0 (0.0%) 9 (9.2%) 0.847
     Both wild 16 (94.1%) 13 (100.0%) 89 (90.8%)
TET2  gene
     mutant TET2 gene 6a (35.3%) 3a (23.1%) 55a (56.1%) 0.035
     wild TET2 gene 11a (64.7%) 10a (76.9%) 43a (43.9%)
BMA cellularity
     Hypercellular 16 (94.1%) 11 (84.6%) 80 (81.6%) 0.632
     Hypocellular 1 (5.9%) 1 (7.7%) 6 (6.1%)
     Normocellular 0 (0.0%) 1 (7.7%) 12 (12.2%)

Table 3. Continued

Figure 1. A. Kaplan–Meier plot showing the overall survivability (OS) of the entire patient group, B. OS according to 
gender, C. OS according to combined FLT3&NPM with ITD ratio.

Discussion

It has been demonstrated that better risk stratification 
may be achieved by identifying FLT3- ITD, NPM1, and 
CEBPA mutations and incorporating them into prognostic 
models, particularly in the vast population of patients with 
CN-AML (Dö et al., 2010). There is still a sizeable group 
of intermediate risk patients without FLT3-ITD, NPM1 and 

CEBPA mutations or other reliable prognostic markers, 
indicating the need for additional markers that could 
explain the differential outcome in this heterogeneous 
patient group (Estey, 2013). The most frequent mutations 
reported in AML are those that affect the genes that code 
for IDH1, IDH2, and TET2 (Abdel-Wahab and Levine, 
2013).

In the current study, we investigated the prevalence 
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Total No. No. of Events Cumulative survival 
at 2year (%)

Median survival 
time (months)

P value

Whole group 111 83 0.198 2.07 -
Gender
     Female 52 44 0.056 1.55 0.014
     Male 59 39 0.313 3.45
Age (years)
     ≤40 57 41 0.183 4.14 0.216
     >40 54 42 0.2 1.41
TLC (n=109)
     ≤100 X109/L 79 60 0.185 2.96 0.487
     >100 X109/L 30 23 0.214 1.41
Hemoglobin (n=109)
     ≤10 g/dl 104 80 0.176 2 0.34
     >10 g/dl 5 3 0.400 12.2
Platelets (n=109)
     ≤100 X 109/L 87 66 0.185 2 0.745
     >100 X 109/L 22 17 0.205 3.42
PB blasts%
     ≤ 50 31 23 0.148 3.55 0.71
     > 50 80 60 0.221 2
BMA blast %
     ≤ 50 18 12 0.216 8.72 0.347
     > 50 93 71 0.202 2
BMA cellularity
     Hypercellular 95 70 0.204 2.07 0.92
     Hypocellular 7 6 10.76
     Normocellular 9 7 0.222 1.35
Lymphadenopathy (n=105)
     No 62 44 0.245 2.07 0.618
     Yes 43 34 0.142 2.34
Organomegally (n=105)
     No 68 48 0.226 3.55 0.167
     Yes 37 30 0.17 2
FAB classification (n=105)
     M1&M2 54 40 0.219 1.55 0.441
     M4&M5 51 37 0.219 3.68
CD34 (n=110)
     No 53 38 0.24 2.43 0.674
     Yes 57 44 0.162 2.07
DR (n=110)
     No 29 23 0.162 2 0.656
     Yes 81 59 0.228 2.43
CD7 (n=110)
     No 91 69 0.204 2.07 0.387
     Yes 19 13 0.167 4.14
NPM (n=100)
     Mutant 14 5 0.595 0.005
     Wild 86 70 0.133 1.61

Table 4. Effect of Different Variables on Overall Survival (OS) of AML Patients
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Total 
No.

No. of 
Events

Cumulative survival 
at 2year (%)

Median survival 
time (months)

P value

FLT3 ITD
     Mutant 38 32 0.118 1.55 0.035
     Wild 73 51 0.242 3.42
Combined FLT3&NPM with ITD ratio (n=100)
     Favourable (a) 11 3 0.682 NA 0.002
     Unfavorable (b) 13 12 NA 1.32
     Intermediate (b) 76 60 0.153 1.74
ITD Ratio (n=27)
     ≤ 0.525 13 9 0.308 6.71 0.114
     >0.525 14 12 NR 1.32
TKD (n=110)
     Mutant 5 3 0.3 7.89 0.489
     Wild 105 79 0.194 2.07
DNMTA (n=110)
     Mutant 11 8 0.227 2.96 0.755
     Wild 99 74 0.198 2
IDH1&IDH2
     Either IDH1 and or IDH2 mutant 10 8 0.2 0.82 0.37
     Both wild 101 75 0.197 2.43
TET2 
     Mutant 58 43 0.189 2.83 0.645
     Wild 53 40 0.207 1.55
CR (n=98)
     No 47 46 0.021 0.79 <0.001
     Yes 51 24 0.413 14.44

Table 4. Continued

Figure 2. A. Kaplan–Meier plot showing the disease-free survival (DFS) of the entire patient group, B. DFS according 
to age, C. DFS according to gender, D. DFS according to combined FLT3&NPM with ITD ratio.
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Total No. No. of Events Cumulative survival at 
1year (%)

Median survival time 
(months)

P value

Whole group 51 29 0.29 11.55
Gender
     Female 19 14 NR 6.12 0.008
     Male 32 15 0.419 15
Age (years)
     ≤40 31 21 0.081 8.03 0.048
     >40 20 8 0.579 NR
TLC
     ≤100 x109/L 38 21 0.309 10.99 0.762
     >100 x109/L 11 6 0.36 12.04
Hemoglobin
     ≤10 g/dl 46 26 0.28 10.99 *
     >10 g/dl 3 1 0.667
Platelets
     ≤100x109/L 39 22 0.276 8.03 0.527
     >100 x109/L 10 5 0.411 12.04
PB blasts%
     ≤ 50 13 8 0.186 7.24 0.862
     > 50 38 21 0.319 12.04
BMA blast%
     ≤ 50 8 5 0.219 6.78 0.96
     > 50 43 24 0.308 11.55
BMA cellularity
     Hypercellular 44 25 0.273 10.99 *
     Hypocellular 4 3 6.51
     Normocellular 3 1 0.667
FAB classification
     M1&M2 23 13 0.385 6.78 0.448
     M4&M5 26 14 0.339 21.71
LNS
     No 29 14 0.466 12.4 0.37
     Yes 21 14 0.098 11.55
Organomegally
     No 34 20 0.282 12.4 0.861
     Yes 16 8 0.323 11.55
CD34
     No 23 13 0.306 10.99 0.942
     Yes 28 16 0.275 11.55
DR
     No 11 6 0.305 11.55 0.799
     Yes 40 23 0.291 10.99
CD7
     No 40 21 0.335 12.04 0.579
     Yes 11 8 0.17 10.99
NPM
     Mutant 10 2 0.45 23.72 0.036
     Wild 35 25 0.221 7.04

Table 5. Effect of Different Variables on Disease Free Survival (DFS) of AML Patients:
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Total No. No. of 
Events

Cumulative survival at 
1year (%)

Median survival time 
(months)

P value

FLT3 ITD
     Mutant 13 7 5.16 0.173
     Wild 38 22 0.323 12.4
ITD Ratio
     ≤ 0.525 5 3 NA 12.04 0.171
     >0.525 5 2 NA 5.16
TKD
     Mutant 3 2 0.333 6.78 *
     Wild 47 26 0.285 11.55
DNMTA
     Mutant 5 4 0.2 6.51 0.384
     Wild 45 24 0.307 12.4
Combined FLT3&NPM with ITD ratio
     Favourable (a) 9 2 0.889 23.72 0.011
     Unfavorable (b) 3 2 NA 2.47
     Intermediate (b) 33 23 0.391 7.24
IDH1&IDH2
     Either IDH1 and or IDH2 mutant 3 1 0.667 *
     Both wild 48 28 0.262 10.99
TET2
     Mutant 31 20 0.323 7.04 0.079
     Wild 20 9 0.71 21.71

Table 5. Continued

and prognostic effects of the IDH1, IDH2 and TET2 
SNPs 395G>T (rs121913500), 359G>A (rs121913503), 
5284A>G (rs2454206) respectively. Studies have revealed 
an incidence of 2-14% for IDH mutations (Chotirat et al., 
2012 ; Ahmad et al., 2014) and 8-19% for IDH2 (Mardis 
et al., 2009) in various patient groups. In our study 
cohort, the frequency of IDH1 mutations was 3.5% and 
the frequency of IDH2 mutations was 4.3%. However, in 
another study, IDH1/2 mutations were found in 5.5% and 
4%, respectively (Raveendran et al., 2015) and IDH1 and 
2 mutations were detected in 2.9% and 11.4%, respectively 
(ElNahass et al., 2020).

The correlation of IDH mutations with patient 
characteristics, various laboratory results and AML 
prognostic factors were studied. IDH mutations were 
more common in male, although the difference was not 
statistically significant and this result was in inconsistent 
with other report (Raveendran et al., 2015; Ali et al., 2018; 
ElNahass et al., 2020; Pastore et al.,2022). In agreement 
with another report (Patel et al., 2011), we did not find a 
significant correlation between IDH mutations and TLC, 
Hb concentration, or platelets count (p= 0.166 , 0.981 and 
0.483 respectively).

In a previous study, it was shown that AML patients 
with IDH mutation shared several common clinical 
characteristics, including manifestation at an older age or 
higher platelets count at diagnosis (Marcucci et al., 2010). 
However, in the current study, IDH mutations were not 
significantly correlated with age or higher platelets count 

which consistent with a previous observation (Schnittger 
et al., 2010) .

Our findings demonstrated that the prevalence of IDH1 
mutations did not significantly differ among the various 
FAB subtypes, in contrast to other studies that claimed 
IDH1 mutations were strongly related with FAB AML 
M1(Mardis et al., 2009 ; Schnittger et al., 2010). 

FLT3-ITD was negative in 10/11 (90.9%) of IDH 
mutant patients with (p=0.091). This finding was in 
consistent with others who found that IDH mutations 
were not associated with FLT3-ITD mutations (Marcucci 
et al., 2010; Virijevic et al., 2016; ElNahass et al., 2020) 
However, these results are at odds with many other 
previous reports that found FLT3-ITD mutated AML 
associated with IDH mutations (DiNardo et al., 2016; 
Papaemmanuil et al., 2016; Boddu et al., 2017;) which 
could be explained by ethnic variations and other genetic 
markers interactions.

The prognostic significance of IDH mutations in AML 
has been extensively investigated but is still controversial. 
It varies greatly depending on the type of mutation 
that is found as well as whether or not other clinically 
significant genes have concurrent alterations. Despite the 
fact that certain research have revealed that individuals 
with CN-AML have a poorer prognosis (Marcucci et al., 
2010; Yamaguchi et al., 2014;Virijevic et al., 2016; Xu 
et al., 2023), others have not found any prognostic effect 
(Thol et al., 2010; Wagner et al., 2010; Dinardo et al., 
2015), which is in accordance with our findings. In our 
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association of TET2 mutation with EFS or OS, although it 
should be stressed that this finding is certainly limited by 
the small sample ,on the other side, some reports found that 
TET2 mutant AML(Abdel-Wahab et al., 2009; Metzeler et 
al., 2011; Weissmann et al., 2012; Liu et al., 2014; Wang 
et al., 2019; Xu et al., 2023) patients had worse outcomes 
compared to those without TET2 mutations.

TET2 mutations, as an early event in pathogenesis, 
could work in concert with other gene mutations, known 
as background mutations, to induce various hematological 
malignancies. For example, TET2 mutations, when 
harboring FLT3-ITD mutation, induced AML (Jan et al., 
2012).

The National Comprehensive Cancer Network 
(NCCN) recommendations state that NPM1 mutation, 
in the absence of FLT3-ITD mutation, has a favourable 
prognostic effect in cytogenetically normal adult AML 
(Huang et al., 2019; Xu et al., 2020). However, in patients 
who have both a double NPM1 mutation and a FLT3-ITD 
mutation, the prognostic effect of the NPM1 mutation 
relies on the allelic ratio (AR) (Tsai et al., 2016; Döhner 
et al., 2017). Recent recommendations from the ELN 
for the risk categorization of AML include evaluating 
the prognostic impact of the FLT3-ITD in relation to the 
NPM1 mutation (Döhner et al., 2017). In contrast to the 
high risk group NPM1wild with high FLT3-ITD AR, 
patients in the low risk group NPM1mutant with low 
FLT3-ITD AR will not be candidates for post remission 
allogenic stem cell (Döhner et al., 2020) .

Multivariate analysis for OS in our AML group 
indicated that risk stratification according to ELN 2017 
was the only independent prognostic factors for OS. In the 
unfavorable category OS was associated with increased 
risk about eight times than being in favourable category, 
while in the intermediate it was associated with increased 
risk about 4.7 times than in favourable one HR=8.2, 
4.7 respectively with 95% CI (2.2-29.6 and 1.49-15.2, 
respectively) P-value <0.001 and 0.008, respectively. 
In agreement with our results Schneider et al., 2012 & 
Pratcorona et al., 2013 have confirmed the favorable 
impact effect of NPM1 mutation on patients with low 
level of FLT3-ITD mutation. However, other studies did 
not detect significant difference in the outcome between 
low risk group and the high risk group ( Sakaguchi et al., 
2018; Feng et al., 2019; Shafik et al., 2021).
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cohort of patients, we did not demonstrate any significant 
association of IDH mutations with EFS or OS, although 
it should be stressed that this finding is certainly limited 
by the small sample size as well as the low number of 
IDH-mutated patients. 

The identification of the biological and clinical 
characteristics of mutated isoforms 1 and 2 of isocitrate 
dehydrogenases (IDH1/2) result in the creation of a 
customized treatment plan. Enhancing differentiation and 
maturation of the malignant clone that targets IDH is a 
strategy to enhance clinical outcomes in AML (Cerchione 
et al., 2021). 

Several previous studies have reported that genetic 
variants in the TET2 gene are involved in the development 
of hematological malignancies including AML ( 
Weissmann et al., 2012; Feng et al., 2019; Zeng et al., 
2019; Duployez et al., 2020).

In our study cohort, we found the frequency of 
wild 69/141(48.9%), homozygous 15/141(10.7%) and 
heterozygous 57/141 (40.4%) expression of TET2 gene 
polymorphism this mostly similar as Dammag et al., 2020 
who reported that TET2 SNP was wild in AML in (46%), 
heterozygous in (44%) and with only 10% of patients 
being homozygous while Li et al. from Taiwan in 2011 
reported that about78.6% of patients were presented with 
TET2 SNP, all SNPs were heterozygous, only 4 SNP were 
homozygous (Li et al., 2011).

In our study, TET2 mutation did not showed any 
statistical difference between polymorphism genotype 
and age, gender and FAB in AML patients this similar 
as reported by (Dammag et al., 2020) and we have not 
found a significant relation between TET2 mutations and 
CBC findings (including peripheral blast %) of patients 
This differed from that reported by (Metzeler et al., 2011; 
Wang et al., 2019)who reported that TET2 mutation were 
associated with higher pretreatment white blood cell 
counts and lower platelet count , and also differed from 
(Chehreghani et al., 2022) who said that patients harbored 
TET2 mut had higher Hb levels, lower Platelets counts and 
tended to have lower WBC counts ,while (Nibourel et al., 
2010; Hamed et al., 2018) reported no relation between 
TET2 mutation and Hb, WBCs and platelets. 

Contrary to previous studies (Hamed et al., 2018), 
which indicated that TET2 mutations were with high 
pattern associated with FAB AMLM1, M2 and M5 
subtypes and (Wang et al., 2019) reported that the low 
differentiated subtype AML(M0/M1) had a significantly 
higher frequency of TET2 under-expression than the 
high differentiated subtypes AML(M2/M3). Our study 
suggested that the distribution of TET2 mutations 
didn’t show significant difference among the different 
FAB subtypes and this similar to Nibourel et al., 2010; 
Chehreghani et al., 2022.

Regarding our study, the TET2 mutation did not 
show any correlation with FLT3, NPM1 and DNMTA 
expression levels and this similar to Chehreghani et al., 
2022.

Large cohort studies revealed that TET2 mutations did 
not impact the overall survival in AML patient (Nibourel 
et al., 2010; Kosmider et al., 2011) which similar with 
our cohort of patients, we did not found any significant 
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