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Introduction: Gene rearrangements of acute myeloid leukemia (AML) play a significant role in categorizing patients and provide 
valuable information about prognosis and treatment choices. However, in Iraq, the prevalence and prognostic significance of gene 
rearrangements in AML have not been previously examined.
Methods: This study utilized a multiplex reverse transcription real-time PCR (RT-qPCR) system to identify gene rearrangements in 
a group of 115 adult patients from Iraq who had been diagnosed with De Novo AML. The diagnosis of AML was confirmed through 
blood film and flow cytometry. The ethical committee of the College of Medicine at the University of Baghdad provided approval for 
this research study.
Results: In this study, 66.1% of the patients diagnosed with acute myeloid leukemia (AML) exhibited distinct genetic abnormalities. 
Among these abnormalities, the most frequent was the rearrangement involving the KMT2A gene, observed in 19.9% of the patients. 
The risk stratification analysis revealed that 40% of the patients were classified as having a favorable risk, 4.3% as intermediate risk, 
and 25.2% as adverse risk. A subtype of AML known as core-binding factor (CBF) AML was identified in 21.7% of the cases, with 
84% of these patients achieving complete remission. The NPM-RARA gene rearrangement, found in 43% of acute promyelocytic 
leukemia (APL) cases, was associated with a 71% complete remission rate. Among patients with KMT2A rearrangement, which 
accounted for 19.9% of all AML cases, the MLL-AF10 rearrangement was the most common, although only one patient with KMT2A 
rearrangement achieved complete remission. Furthermore, the analysis of demographic data revealed a significant association between 
increased risk and advanced age, presence of comorbidities, and FAB classification (M0 subtype).
Conclusion: The prevalence of genetic rearrangements in Iraqi De Novo AML patients is higher than the global trend, highlighting 
the importance of genetic characterization in risk assessment and treatment decisions.
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Introduction
Over the past two decades, the classification of acute myeloid leukemia (AML) has undergone significant revisions, 
shifting towards a greater reliance on the understanding of its genetic landscape. This revolution encompasses various 
aspects, including chromosomal abnormalities, recurrent gene mutations, and deregulation of microRNAs,1 which have 
provided valuable insights into prognosis and treatment response prediction.2 The European Leukemia Network (ELN) 
and National Comprehensive Cancer Network (NCCN) guidelines now recommend comprehensive genetic testing for all 
newly diagnosed AML patients.3,4 This testing includes the screening of gene rearrangements, as it is considered 
a fundamental requirement for accurately assessing the genetic profile of patients. However, in Iraq, the prevalence 
and prognostic value of gene rearrangements have not been previously investigated comprehensively. Therefore, the aim 
of our study is to evaluate the occurrence of gene rearrangements in De Novo AML patients in Iraq and examine their 
correlation with risk stratification and clinicopathological factors.
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Materials and Methods
A prospective cohort study was conducted at Baghdad teaching hospital, involving the recruitment of 115 adult patients 
who were diagnosed with De Novo AML. The diagnosis of AML was confirmed using blood film and flow cytometry. 
Data collection was carried out between December 2020 and May 2022. The study was approved by the ethical 
committee of the College of Medicine, University of Baghdad, and informed consent was obtained from all participating 
patients.

The inclusion criteria for the study were as follows:

● Patients diagnosed with AML (confirmed by blood film and flow cytometry) within one week after treatment 
initiation, including newly diagnosed cases.

● Patients aged 18 years and above.

The following were the exclusion criteria:

● Patients who underwent Allogeneic Transplantation.
● Pregnant women.
● Patients with a history of cancer (CA) or myelodysplastic syndrome (MDS).

Method
Peripheral blood samples (3 mL) were obtained from eligible patients using EDTA tubes to ensure sample freshness. 
RNA extraction was performed using the PAXgene Blood RNA System, which consists of a blood collection tube 
(PAXgene Blood RNA Tube, BRT) and a nucleic acid purification kit (PAXgene Blood RNA Kit). A comprehensive RT- 
qPCR-based assay (Leukemia Q-Fusion Screening Kit, Zeesan Biotech Co., Ltd) was utilized to detect more than 140 
breakpoints for 30 fusion genes, including MLL-AF9, PML-RARA, AML-ETO, MLL-AF4, TEL-AML1, E2A-PBX1, MLL- 
ENL, BCR-ABL1, SIL-TAL1, MLL-AF10, CBF-MYH11, AML1-MDS1/EV11, FIP1L1-PDGFRA, SET-CAN, E2A-HLF, 
DEK-CAN, MLL-SEPT6, TLS-ERG, TEL-PDGFRB, MLL-ELL, MLL-AF17, NPM-RARA, NPM-MLF1, PLZF-RARA, 
MLL-AF1q, MLL-AF1P, TEL-ABL, AML1-MTG16, AML1-EAP, and MLL-AF6.

After RNA extraction, the extracted RNA was combined with pre-made cDNA from the kit. The resulting 
mixture was divided into eight tubes, each containing specific PCR primers and probes designed for the detection of 
fusion genes. Real-time qPCR was performed using optical filters to capture fluorescence signals (FAM, HEX, ROX, 
and Cy5). Samples with a threshold cycle (Ct) value above 25 for Cy5 were considered of low quality and were 
retested. Samples with a Ct value above 30 were considered to exhibit non-specific amplification and were also 
repeated. Samples displaying signals with a Ct value below 30 (excluding Cy5) were considered positive for the 
presence of fusion genes. Furthermore, information regarding NPM1 and FLT-3 mutations was obtained from the 
patients’ data.

Ethical Consideration
The study received approval from the scientific committee department of Pathology at the College of Medicine, 
University of Baghdad, to proceed with the research in compliance with Declaration of Helsinki. Informed consent 
was obtained from all participants prior to their involvement in the study.

Results
The study included patients with a mean age of 45.1 ± 17.5 years, ranging from 18 to 84 years. The majority of the 
participants were female (59.1%), and only 16.5% reported being smokers. Among the patients, 2.6% had hypertension, 
while 7.8% had both hypertension and diabetes mellitus (DM). Splenomegaly was observed in 27.8% of the patients, 
while hepatomegaly was present in 17.4% of the cases (Table 1).
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Gene Rearrangement
The gene rearrangement showed that acute myeloid leukemia with defining genetic abnormalities presented in 66.1% of 
patients. Among these abnormalities, the most frequent was AML with KMT2A rearrangement, accounting for 19.9% of 
cases. Differentiation-based classification of AML demonstrated that acute myelomonocytic leukemia was the most 
prevalent subtype, observed in 10 patients (8.7%) (Table 2). The NPM1 was presented in 33 (28.7%) patients, and FLT-3 
was presented in 18 (15.7%) patients.

Applying the European Leukemia Network (ELN) risk stratification for cytogenetics, the distribution of risk 
categories was as follows: 25 patients with favorable risk, 5 patients with intermediate risk, and 25 patients with adverse 
risk. Additionally, considering the presence of the PML-RARA fusion, which is associated with a good prognosis, 9 
patients were included in the favorable prognosis group. Patients classified as acute myeloid leukemia with differentiation 
were excluded from this analysis, as their abnormal karyotyping was not assessed in this study. Patients with FLT-3 
mutation alone were categorized as adverse risk, while those with FLT-3 mutation and other cytogenetic abnormalities 
followed the cytogenetic risk stratification.5 Overall, the study revealed that 46 patients (40%) were classified as 
favorable risk, 5 patients (4.3%) as intermediate risk, and 29 patients (25.2%) as adverse risk (Table 3).

Follow-Up Period and Response
Each patient was monitored for a duration of one month starting from day 0 of receiving standardized chemotherapy. For 
statistical purposes, cases of complete remission with incomplete hematological recovery (CRi), five cases, were 
combined with complete remission (CR). Among the study cohort, a total of 71 (61.74%) patients achieved complete 
remission, indicating a positive response to treatment. On the other hand, 32 patients (27.8%) experienced treatment 
failure, characterized by persistence of disease (BP). Unfortunately, there were 12 patients (10.4%) who died before 
completing the first month of treatment. Out of these, 10 patients refused the treatment, while the remaining two patients 
passed away within one week of diagnosis.

A significant association was observed between treatment response and risk stratification, indicating that 
a deterioration in treatment response correlated with a higher risk group (p=0.0001) (Table 3). The analysis of 
demographic data revealed several significant associations. Firstly, advanced age was significantly associated with 

Table 1 Demographic Characteristics of Included 
Patients (n=115)

Age
Mean ± SD 45.1 ± 17.5 years

Range 18–84 years

≤ 40 years 49 (42.6%)
41–60 years 39 (33.9%)

> 60 years 27 (23.5%)

Gender, Count (%)
Male 47 (40.9%)

Female 68 (59.1%)

Smoking, Count (%)
Yes 19 (16.5%)
No 96 (83.5%)

Comorbidities, Count (%)
Hypertension 3 (2.6%)

Hypertension & DM 9 (7.8%)

Organomegaly, Count (%)
Splenomegaly 32 (27.8%)

Hepatomegaly 20 (17.4%)

Abbreviations: DM, Diabetes Mellitus; SD, Standard Deviation.
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a higher proportion of adverse risk cases. Secondly, the presence of comorbidities was also significantly associated with 
adverse risk. Additionally, specific AML subtypes, namely AML-M0, AML-M4, and AML-M5, were significantly 
associated with adverse risk. Lastly, there was a significant association between the presence of splenomegaly and risk 
stratification (Table 4).

Core-Binding Factor (CBF) Acute Myeloid Leukemia (AML)
Core-binding factor (CBF) AML is a specific subtype of AML characterized by two distinct genetic abnormalities: t 
(8;21)(q22;q22) or inv(16)(p13q22)/t(16;16). These abnormalities lead to the formation of two fusion genes: RUNX1/ 

Table 2 Prevalence of AML Defining Cytogenetics Abnormalities in Study Cohort According to WHO 2022 Classification

WHO Classification Count Percentage

Acute myeloid Leukemia with defining genetic abnormalities Acute promyelocytic Leukemia with PML-RARA fusion t(15;17)(q24;q21) 6 5.2%

Acute promyelocytic Leukemia with PLZF-RARA fusion t(11;17)(q23;q21) 3 2.6%

Acute promyelocytic Leukemia with NPM-RARA fusion t(5;17)(q32;q21) 7 6.1%

Acute myeloid Leukemia with RUNX1-RUNX1T1 fusion t(8;21)(q22;q22) 19 16.5%

Acute myeloid Leukemia with CBFB-MYH11 fusion t(16;16)(p13;q22) 6 5.2%

Acute myeloid Leukemia with DEK-NUP214 fusion t(6;9)(p23;q34) 7 6.1%

Acute myeloid Leukemia with KMT2A rearrangement t(10;11)(p12;q23) 15 13%

t(11;17)(q23;p13) 3 2.6%

t(9;11)(p22;q23) 5 4.3%

Acute myeloid Leukemia with NPM1 mutation 5 4.3%

Acute myeloid Leukemia, defined by differentiation Acute myeloid Leukemia with minimal differentiation 7 6.1%

Acute myeloid Leukemia without maturation 9 7.8%

Acute myeloid Leukemia with maturation 5 4.3%

Acute myelomonocytic Leukemia 10 8.7%

Acute monocytic Leukemia 8 7%

Abbreviations: CBFB-MYH11, Core Binding Factor Beta Subunit-Myosin Heavy Chain 11; DEK-NUP214, DEK Proto-Oncogene-Nucleoporin 214; KMT2A, Myeloid/ 
Lymphoid Or Mixed Lineage Leukemia Gene; NPM, Nucleophosmin; NPM-RARA, Nucleophosmin-Retinoic Acid Receptor Alpha; PLZF-RARA, Promyelocytic Leukemia 
Zinc Finger-Retinoic Acid Receptor Alpha, PML; RARA, Promyelocytic Leukemia-Retinoic Acid Receptor Alpha; RUNX1-RUNX1T1, Runt-related transcription factor 
1-Runt-related transcription factor 1, translocated to 1; WHO, World Health Organization,

Table 3 Relationship of Risk Stratification and Response to Treatment (All Studied Group)

Risk Group (n=115) Response Total P value*

CR BP Death

Favorable 37 (80.4%) 7 (15.2%) 2 (4.3%) 46 (40%) 0.0001

Intermediate 0 3 (60%) 2 (40%) 5 (4.5%)

Adverse 8 (27.6%) 16 (55.2%) 5 (17.2%) 29 (25.2%)

Unclassified 26 (74.3%) 6 (17.1%) 3 (8.6%) 35 (30.4%)

Total 71 (61.7%) 32 (27.8%) 12 (10.4%) 115 (100%)

Note: *Chi-Square=33. 
Abbreviations: BP, Persistence of Disease; CR, Complete Response.
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RUNX1T1 (also known as AML1/ETO) and CBFB/MYH11. CBF-AML is known to be associated with a favorable 
treatment response.

In our analysis, CBF-AML was observed in 21.7% of the patients. Among patients with CBF-AML, 84% achieved 
complete remission, indicating a positive response to treatment. Only 4 patients (16%) experienced treatment failure, as 
evidenced by persistent disease (BP). Importantly, no deaths were reported among the patients with CBF AML during the 
study period.

Acute Promyelocytic Leukemia
Among the patients included in the study, 16 individuals (13.9%) were diagnosed with Acute Promyelocytic Leukemia 
(APL). The diagnosis of APL was based on the presence of RARA translocations, with PML-RARA representing 37% of 
APL cases and NPM-RARA representing 43% of APL cases (all patients with NPM-RARA also had NPM1 mutation). 
Additionally, PLZF-RARA was observed in 3 cases (out of 16 APL cases).

There were significant differences observed in the treatment response among patients with APL based on their 
specific gene rearrangements. For patients with PML-RARA, all of them achieved complete remission (CR) as a response 
to treatment and among patients with NPM-RARA, a 71% complete remission rate was observed. In contrast, among the 
three patients with PLZF-RARA, two of them unfortunately died and one experienced treatment failure (BP).

Furthermore, there was a significant difference in treatment response, indicating that patients with PLZF-RARA had 
a worsened response compared to individuals with other gene rearrangements.

Acute Myeloid Leukemia with KMT2A Rearrangement
Acute myeloid leukemia with KMT2A rearrangement represented in 19.9% of patients. Among the various KMT2A 
rearrangements observed, MLL-AF10 was the most common (Table 2). However, the response to treatment in patients 

Table 4 Relationship of Demographic Data with Risk Stratification for All Patients

Risk Stratification P value

Unclassified Favorable Intermediate Adverse

N % N % N % N %

Age groups ≤ 40 14 28.6% 29 59.2% 2 4.1% 4 8.2% 0.001

41–60 16 41.0% 11 28.2% 1 2.6% 11 28.2%

> 60 5 18.5% 6 22.2% 2 7.4% 14 51.9%
Gender Female 20 29.4% 25 36.8% 2 2.9% 21 30.9% 0.33

Male 15 31.9% 21 44.7% 3 6.4% 8 17.0%

Smoking No 31 32.3% 35 36.5% 5 5.2% 25 26.0% 0.3
Yes 4 21.1% 11 57.9% 0 0.0% 4 21.1%

Co-Morbidities HTN 0 0.0% 0 0.0% 0 0.0% 3 100.0% 0.005

HTN &DM 3 33.3% 0 0.0% 1 11.1% 5 55.6%
No 32 31.1% 46 44.7% 4 3.9% 21 20.4%

AML subtype M0 3 25.0% 0 0.0% 0 0.0% 9 75.0% 0.0001

M1 9 56.3% 2 12.5% 2 12.5% 3 18.8%
M2 5 29.4% 11 64.7% 1 5.9% 0 0.0%

M3 0 0.0% 21 100.0% 0 0.0% 0 0.0%

M4 10 33.3% 9 30.0% 0 0.0% 11 36.7%
M5 8 42.1% 3 15.8% 2 10.5% 6 31.6%

Splenomegaly NO 29 34.9% 33 39.8% 5 6.0% 16 19.3% 0.04

Yes 6 18.8% 13 40.6% 0 0.0% 13 40.6%
Hepatomegaly No 33 34.7% 34 35.8% 5 5.3% 23 24.2% 0.07

Yes 2 10.0% 12 60.0% 0 0.0% 6 30.0%
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with KMT2A rearrangement was found to be inadequate. Among these patients, 65% experienced treatment failure (BP), 
30% died, and only one patient achieved complete remission (CR).

Notably, there was no significant difference observed in the treatment response between patients with different 
KMT2A rearrangements. However, when comparing the response to treatment with other AML cohorts included in the 
study, KMT2A rearrangement was found to be significantly associated with a poorer response (p=0.0001), indicating that 
patients with KMT2A rearrangement have a higher likelihood of an unfavorable treatment outcome compared to patients 
with other AML genetic abnormalities.

Discussion
The analysis of genetic factors and gene rearrangement revealed that 66.1% of patients with Acute Myeloid Leukemia 
(AML) exhibited specific genetic abnormalities. On a global scale, cytogenetic abnormalities are observed in approxi-
mately 50–60% of newly diagnosed AML patients, and these abnormalities are characterized as non-random chromo-
somal rearrangements. These aberrations can be further categorized into three groups: AML with balanced translocations/ 
inversions, AML with various cytogenetic abnormalities (such as unbalanced translocations, deletions, monosomies, and 
trisomies), and AML with complex karyotype (which involves the presence of at least three acquired chromosomal 
aberrations).6 Since in a prospective study, we reported the results of only the first category, the percentage of AML 
patients with genetic abnormalities tends to be high among Iraqi patients.

In the prospective study, the most common genetic transformation observed was the RUNX1::RUNX1T1 fusion, 
which was present in 16% of the AML patients. This finding is consistent with other studies that have reported 
a prevalence of 10–20% for the RUNX1::RUNX1T1 fusion in AML cases.7 However, it is noteworthy that a previous 
study conducted in Iraq by Al-Saidi et al reported a lower frequency of the RUNX1::RUNX1T1 fusion, with only 9% of 
AML patients exhibiting this genetic abnormality.8

The difference in the prevalence of the RUNX1::RUNX1T1 fusion between the current study and the study by Al- 
Saidi et al8 may be attributed to the different detection methods used. In the current study, PCR-based assays were 
employed for genetic analysis, which generally provide higher sensitivity and accuracy compared to fluorescence in situ 
hybridization (FISH) techniques. This difference in detection methods is particularly important in cases with low white 
blood cell (WBC) counts, where FISH may have reduced accuracy.

Also, a balanced translocation involving 11q23/KMT2A is among the most frequent chromosomal abnormalities in 
acute myeloid leukemia. In our study, approximately 20% of AML patients were found to have a translocation involving 
11q23/KMT2A. This prevalence aligns with the findings of the study conducted by Issa et al, which also reported 
a similar frequency of approximately 20% for this translocation.9

In our study, which involved a substantial number of AML patients, we specifically examined cases with t(9;11) and 
other recurrent balanced rearrangements involving 11q23/KMT2A. Through our analysis, we identified both similarities 
and differences among AML patients with these specific translocations. Among the translocations, t(10;11) was found to 
be the most prevalent, followed by t(11;19), with frequencies ranging from 10% to 12%.10–12 These findings shed light 
on the genetic landscape of AML patients with translocations involving 11q23/KMT2A, providing insights into the 
prevalence and specific types of translocations observed. This knowledge contributes to a better understanding of the 
molecular basis of AML and may have implications for risk stratification and targeted therapeutic approaches in these 
patients.

In our study, we identified different molecular variants associated with Acute Promyelocytic Leukemia (APL). 
Specifically, we observed the presence of the PML-RARA fusion resulting from the t(15;17)(q24;q21) translocation in 
6 (5.2%) patients, the PLZF-RARA fusion resulting from the t(11;17)(q23;q21) translocation in 3 (2.6%) patients, and the 
PLZF-RARA fusion resulting from the t(5;17)(q32;q21) translocation in 7 (6.1%) patients. These findings align with 
previous research by Liquori et al, who reported that the ZBTB16 (formerly PLZF)-RARA fusion is the most common 
molecular variant in APL.13

Interestingly, our prospective study revealed a higher prevalence of molecular variants compared to the PML-RARA 
fusion gene in APL cases. This finding contrasts with the results reported by Wen et al, who observed a very low 
percentage of APL patients with molecular variants.14 These discrepancies in findings may be attributed to differences in 
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the detection techniques used and the relatively small sample size of APL cases in our current study. These findings 
underscore the heterogeneity of APL at the molecular level, with different fusion genes contributing to the disease. 
Understanding these molecular variants is crucial for accurate diagnosis and targeted treatment approaches in APL 
patients. Further research with larger sample sizes and comprehensive molecular profiling may provide deeper insights 
into the prevalence and clinical implications of these molecular variants in APL.

The chromosomal abnormality inv(16)(p13;q22) or t(16;16)(p13.1;q22) is found in approximately 5% to 10% of 
Acute Myeloid Leukemia (AML) cases.15 This genetic alteration is characterized by peripheral monocytosis and the 
infiltration of monoblasts in the bone marrow.15 In our prospective study, we observed that 5% of AML patients exhibited 
the CBFB::MYH11 fusion, which is indicative of inv(16)(p13;q22) or t(16;16)(p13.1;q22).

Upon performing the final risk stratification, we observed that 40% of the patients in our study were classified as 
having a favorable risk, primarily attributed to the presence of genetic abnormalities such as RUNX1-RUNX1T1 fusion, 
CBFB-MYH11 fusion, and NPM1 mutation. Intermediate risk was identified in 4.3% of the patients, mainly driven by the 
MLLT3-KMT2A fusion. Adverse risk stratification was assigned to 25.2% of the patients, predominantly due to the 
presence of genetic abnormalities such as DEK-NUP214 fusion, KMT2A rearrangement, and FLT-3 mutation. These 
findings align with the study conducted by Herold et al, which also reported similar percentages for the favorable and 
adverse risk groups.16 However, in their study, the intermediate risk group accounted for 20% of the patients. The 
discrepancy in percentages can be attributed to differences in sample size and the comprehensive molecular and genetic 
testing performed in their study, which included karyotyping analysis for all patients.

In our prospective study, we observed heterogeneous results among the different risk groups. However, there was 
a statistically significant increase in the number of deceased patients in the adverse risk group. This finding is consistent 
with previous studies that have also demonstrated a significant worsening of treatment response among patients classified as 
having adverse risk stratification.17,18 These results support the notion that risk stratification plays a crucial role in predicting 
treatment outcomes and overall prognosis in patients with acute myeloid leukemia. By identifying patients with adverse risk 
factors, healthcare providers can better tailor treatment approaches and interventions to improve patient outcomes.

The analysis of demographic data in relation to risk stratification revealed several significant associations. Advanced 
age, presence of comorbidities, and FAB classification (specifically M0 subtype) were found to be significantly 
associated with worsening of risk (p<0.05).19 These findings align with the understanding that AML is more prevalent 
in the elderly population, and prognosis tends to be poorer in older individuals.

Furthermore, a study by Prassek et al demonstrated that the spectrum and significance of driver gene mutations in older 
AML patients differ from those in younger patients. In the elderly population, various factors such as the presence of other 
medical conditions, lower functional ability, and preferences of both physicians and patients for less toxic treatment options 
often lead to the avoidance of intensive induction chemotherapy in favor of less aggressive therapies.20,21

Taken together, these findings highlight the complex interplay between demographic factors, disease characteristics, 
and treatment decisions in AML, particularly among elderly patients. The presence of comorbidities and advanced age 
can contribute to increased risk and influence treatment approaches, emphasizing the need for personalized management 
strategies in this population.

In the prospective analysis, the prevalence of CBF-AML was found to be higher at 21.7% among the study patients, 
surpassing the global trend of 12–15%.22 Encouragingly, a significant proportion of patients with CBF-AML achieved 
complete remission, with an observed rate of 84%. Only 4 patients (16%) experienced treatment failure, while no deaths 
were reported among those with CBF-AML during the study period. Comparing these outcomes with findings from other 
study cohorts, CBF-AML demonstrated a more favorable response. It is important to note that CBF-AML generally 
carries a better prognosis compared to other subtypes of AML. However, it is worth highlighting that despite the 
favorable prognosis, a subset of CBF-AML patients (approximately 30–40%) may still face the risk of relapse, 
potentially requiring allogeneic hematopoietic cell transplantation.23 Therefore, ongoing monitoring and appropriate 
management remain crucial for achieving long-term remission in CBF-AML cases.

Despite the utilization of All-trans retinoic acid (ATRA) as a treatment approach for APL, which has shown 
promising results in Iraq,24 notable differences in treatment response were observed in this study. Among patients 
with APL, all individuals with the PML-RARA fusion achieved complete remission CR. However, for patients with the 
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PLZA-RARA fusion, two out of three patients died, and one experienced treatment failure (BP). In contrast, patients with 
the NPM-RARA fusion exhibited a CR rate of 71%. These findings highlight a significant disparity in treatment response, 
particularly with respect to patients harboring the PLZA-RARA fusion, who exhibited a poorer response compared to 
other rearrangements.

According to the 2017 ELN recommendations, patients diagnosed with t(9;11) are generally classified as intermedi-
ate-risk, regardless of their age or the presence of additional gene mutations. On the other hand, individuals with t(v;11) 
(v;q23) are categorized as adverse-risk.3 In the current study, patients with KMT2A rearrangement exhibited a poor 
response to treatment, with 65% experiencing treatment failure (BP), 30% of patients died, and only one patient 
achieving complete remission. Notably, there was no significant difference in treatment response observed among 
patients with KMT2A rearrangement. Compared to all other AML cohorts included in this study, KMT2A rearrangement 
was significantly associated with a poorer treatment response. Furthermore, our analysis revealed that this mutation was 
more commonly found in patients aged 60 years or older. These findings align with another recently published study, 
which proposed incorporating age into risk classification. Specifically, the presence of t(9;11) in younger patients may be 
considered intermediate-risk, whereas its presence in elderly individuals (above 60 years) would warrant adverse-risk 
stratification.25 These observations emphasize the importance of considering both genetic abnormalities and age when 
determining risk stratification and treatment approaches for patients with KMT2A rearrangement in order to optimize 
outcomes. Further research is needed to better understand the underlying mechanisms contributing to the poor response 
associated with KMT2A rearrangement and to develop targeted therapies for this specific subgroup of AML patients.

Conclusion
In summary, our prospective analysis of AML patients revealed a high prevalence of specific genetic abnormalities, 
exceeding the global average for such abnormalities in newly diagnosed AML cases. Additionally, we observed a higher 
occurrence of molecular variants in APL compared to the commonly studied PML-RARA fusion gene. The risk 
stratification based on genetic factors highlighted the significant associations of age, comorbidities, and FAB classifica-
tion with risk classification. Notably, our study emphasized the importance of considering age when classifying risk, as 
the impact of certain genetic abnormalities may differ between younger and older patients. Further research with larger 
sample sizes is warranted to deepen our understanding of the molecular mechanisms and treatment responses in AML, 
particularly in subtypes such as APL and AML with KMT2A rearrangements.
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