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Abstract

Purpose: Acute Myeloid Leukemia (AML) is a heterogencous hematologic malignancy characterized by a wide
range of cytogenetic abnormalities that have critical diagnostic and prognostic implications. South Indian populations
are underrepresented in global AML research, warranting region-specific cytogenetic profiling. Methods: We performed
a cytogenetic analysis of 400 newly diagnosed adult AML patients at a tertiary care center in South India. Conventional
karyotyping and fluorescence in situ hybridization (FISH) were performed, and findings were correlated with clinical
parameters according to the 2016 WHO and FAB classifications. Results: Abnormal karyotypes were observed in
49.5% of cases, while 50.5% showed normal karyotypes. The most frequent abnormalities were t(15;17) (16.2%),
t(8;21) (6.7%), and inv(16) (3.7%). Other notable findings included trisomy 8 (1.7%), trisomy 21 (1%), and complex
karyotypes (6.5%). AML-M4 (33.5%) was the most common FAB subtype. Significant associations were noted between
cytogenetic risk groups and variables such as age, gender, and white blood cell count. The distribution of cytogenetic
aberrations revealed both similarities and distinct differences when compared with global data, reflecting ethnic
and geographical influences. Conclusion: This study highlights the cytogenetic diversity of AML in a South Indian
cohort and confirms the importance of cytogenetic analysis in disease classification, risk stratification, and therapeutic
decision-making. The findings underscore the need for regional data to refine AML diagnosis and optimize management
strategies across different populations.
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Introduction

Acute myeloid leukemia (AML) occurs when
transformed hematopoietic stem cells (HSCs) undergo
clonal expansion due to the acquisition of genetic
abnormalities, including chromosomal rearrangements
and mutations in multiple genes [1]. It is the second
most frequently diagnosed leukemia in both adults and
children, although the majority of patients manifest in
adults. Despite an overall 5-year survival estimate of
28.3% for all AML cases, individuals aged 60 years or
older face a significantly lower survival rate, ranging
from 3% to 8% [2].

Cytogenetic analysis reveals clonal chromosome
aberrations in around 50% of individuals diagnosed

with de novo AML. These chromosomal abnormalities
offer valuable insights into the pathogenesis of AML
[3]. Karyotype analysis must be carried out as part of
the standard diagnostic procedure of AML. Analysis of
cytogenetic abnormalities is crucial in AML, serving
as the foremost prognostic factor for cases. Indeed,
cytogenetic studies aid in classifying prognosis groups,
guide in making better treatment strategies, and enhance
patients’ overall outcomes, thereby improving their
chances of recovery [4]. The identification of specific
chromosomal abnormalities and their correlation with
cytomorphologic features, immunophenotype, and clinical
outcome aids in the understanding of the heterogeneity
of AML. The classification of AML is determined by the
World Health Organization (WHO). As per the WHO
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guidelines, diagnosis of AML is confirmed when there is
an observation of 20% or more leukemic myeloblasts in
either the peripheral blood (PB) or bone marrow (BM) [5].
Among the numerous cytogenetic abnormalities observed
in AML, patients with acute promyelocytic leukemia
(APL) consistently demonstrate favorable outcomes
when presenting with t (15;17) (q22;q12). Additionally,
the presence of t (8;21) (q22;q22) and inv (16) (p13q22)/t
(16;16) (p13;q922) has been consistently linked to
improved prognosis. Conversely, adverse prognostic
outcomes are frequently associated with abnormalities
such as 3q (abn(3q)) deletions of 5q (del(5q)), monosomy
of chromosomes 5 and/or 7 (-5/-7), t(9;22), or complex
chromosomal aberrations [6]. Nevertheless, nearly 50%
of adult AML patients receive a diagnosis of a normal
karyotype (NK), indicating the absence of identified
structural aberrations during cytogenetic analysis.

The diagnostic karyotype is a highly influential and
autonomous prognostic factor in acute myeloid leukemia
(AML). It plays a crucial role in delineating biologically
distinct disease categories and has gained widespread
acceptance as the basis for tailoring treatment strategies
according to risk profiles. In the present study, we aimed
to analyze the association between cytogenetic and
clinical parameters and their frequencies in different AML
subtypes in a large cohort of 400 newly diagnosed adult
AML cases.

Materials and Methods

Patient Cohort

The study subjects comprised 400 de novo AML
patients who attended the outpatient clinics of the
Regional Cancer Centre, Thiruvananthapuram, from
January 2020 to June 2022. Patients between the ages
of 18 and 74 were included in the study. The diagnosis
of AML was established according to the 2016 World
Health Organization (WHO) classification and subtyped
by following the French—American—British (FAB)
classification, which includes eight subtypes ranging
from MO to M7 by the morphological analysis of bone
marrow aspiration [7]. 2 ml of Bone Marrow samples
were collected from all the patients after getting written
informed consent from all the patients selected for the
study. All procedures were performed in accordance
with the ethical standards of the institution and the 1975
Helsinki Declaration and its later amendments. The study
was approved by the Institutional Review Board (IRB) and
Human Ethics Committee of the Regional Cancer Centre
(HEC No: 23/2020).

Cytogenetic analysis

Cytogenetic analysis was performed on pretreatment
bone marrow samples. The samples were cultured in the
RPMI 1640 medium (Sigma), supplemented with fetal
bovine serum. The harvesting procedure was followed
by incubation, centrifugation, and the addition of a
hypotonic solution(0.56% KCI). Following the addition
of the fixative, consisting of a 3:1 ratio of methanol and
glacial acetic acid, trypsin treatment and Giemsa staining
were carried out. A total of 20 well-spread metaphase
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cells were analyzed, and G-banded karyotypes at the 550
band levels were constructed in each patient. Twenty
metaphases were karyotyped using cytogenetic software
(Genasis, Applied Spectral Imaging, Migdal Ha’Emek,
Israel, and Cytovision, USA) and Ikaros karyotyping
software (MetaSystems GmbH, Altlussheim, Germany).
Karyotypes were described based on the International
System for Human Cytogenetic Nomenclature (ISCN,
2020).

Fluorescence in situ hybridization (FISH)

FISH analysis for the confirmation of chromosomal
abnormalities such as t(8;21)(q21.3;q22), t(15;17)
(924;921), inv(16) (p13g22)/t(16;16)(p13;q22) and t(9;22)
(q34:;q11) were performed by using corresponding Vysis
probe (Abbott, USA). Bone marrow samples collected
in heparin were harvested directly or after chromosome
culture. After denaturation at 75°C for 10 min, the cells
on slides were hybridized at 37°C overnight. On the 2nd
day, the slides were washed to remove nonspecifically
coupled probes and then counter-stained with DAPI.
Approximately 200 cells were analyzed under a BX51
fluorescence microscope (Olympus, Japan) equipped
with appropriate filter sets to discriminate between a
maximum of 5 fluorochromes and the counterstain DAPI
(4',6-diamidino-2-phenylindole). The hybridization
signals were captured using a Spectra Cube SD200
spectral imaging system (Genasis, Applied Spectral
Imaging, Migdal Ha’Emek, Israel, and Cytovision, USA)

Statistical Analysis

Age, gender, and types of cytogenetic abnormalities
were included for analysis, and results were expressed as
frequencies and percentages. For categorical variables
such as sex, the chi-square test or Fisher’s exact test was
used. The significance between karyotype status and
clinical parameters was calculated by the Mann-Whitney
U Test. Kruskal-Wallis Test was used for comparison
between the risk groups. A p-value of <0.05 was taken
as significant.

Results

Patient characteristics and morphological subtypes

The study cohort comprised a total of 400 de novo
AML cases. There were slightly more females than
males, with aratio of 1:1.05(M/F-195/205) (Table 1). The
median age of the patients was 47.5. According to the FAB
classification system, AML M4(134, 33.5%) accounts
for the most frequent subtype in our study group, which
is followed by AML M5(72, 18%), then AML M1(67,
16.7%), AML M2(47, 11.7%), and AML M3(65, 16.2%).
There were 13(3.2%) patients belonging to the AML M0
subtype, while only one patient each belonged to the AML
M6 and M7 subtypes (Table 1).

Cytogenetic Characteristics

Out of 400 patients with successful cytogenetic results,
normal karyotypes were observed in 202(50.5%) cases.
Abnormal karyotypes were found in 198(49.5%) cases.
The most common abnormalities identified were t(8;21)



Table 1. Patient Characteristics, Morphology, and
Cytogenetic Risk Stratification of AML Cases

Characteristics Total
Total No of Cases 400
Median age(range), (years) 47.5 (17-75)
Sex ,n(%)
Male 195 (48.8)
Female 205 (51.2)
FAB Classification, n (%)
MO 13 (3.2)
Ml 67(9.2)
M2 47 (11.7)
M3 65 (16.2)
M4 134 (33.5)
M5 72 (18)
M6 1(0.2)
M7 1(0.2)
Risk Stratification n (%)
Favourable 107 (26.7)
t(8;21) 27 (6.7)
inv(16) 153.7)
t(15;17) 65 (16.2)
Intermediate 241 (60.2)
Normal 202 (50.5)
Trisomy 8 7(1.7)
Trisomy 21 4(1)
Other abnormalities 28 (7)
Adverse 52 (13)
-7/del7q 9.2
-5/del5q 5(1.2)
t(6;9) 5(1.2)
Inv(3) 5(1.2)
t(9;22) 2(0.5)
Complex abnormalities 26 (6.5)
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(922;q922), inv(16)(p13;922) and t(15;17)(q22;921),
which were found in 27(7%), 15(3.7%) and 65(16.2%)
respectively belongs to the favourable prognostic group.
In the adverse prognostic group, there were 2(0.5%)
patients with t(9;22) (q34;q11)(0.5%), 9(2.2%) patients
with -7/del7q, 5(1.2%) patients with -5/del5q, 5(1.2%)
patients with inv(3), another 5(1.2%) patients with
t(6;9) and complex abnormalities with >3 chromosomal
abnormalities were found in 26 (6.5%) cases (Figure 1).
Among patients with t(8;21), there were 2(0.8%) patients
with loss of Y chromosome (-Y) also found. Among
patients with complex abnormalities, two exhibited
an 11923 abnormality in combination with additional
chromosomal abnormalities. The abnormalities found
in the intermediate risk group, including trisomy 8 and
trisomy 21, were found in 7(1.7%) and 4(1%) cases,
respectively. (Table 1) Other abnormalities were observed
in 28(7.7%) patients, including some clonal abnormalities
such as trisomy, loss or gain of chromosomal arms,
polyploids (3n and 4n), hyperdiploids, and hypodiploids
without any clonal loss and gains, etc.

Association of cytogenetic risk groups with clinical
parameters

The median age of disease diagnosis was found to
be 47.5 years. By comparing the clinical parameters of
patients with normal karyotypes and abnormal karyotypes,
a significant association was found in the sex distribution
with a slightly higher male-to-female ratio (p=0.032). A
significant association was also found with age (p=0.026),
WBC count (p=0.018), and LDH level (p=0.040) among
the two groups. At the same time, no significant relation
was found in terms of platelets (p=0.998), Hemoglobin
(HB)(p=0.090), Peripheral Blood Blast (p=0.600), and
Bone Marrow Blast (0.190). Among different cytogenetic
risk groups, there was a significant association with male-
to-female ratio (p=0.014), median age (p=0.003), and
WBC count (p=0.023) (Table 2).

Table 2. Association of Clinical Parameters with Karyotype Status and Risk Groups

Clinical parameters Karyotype Status Risk Groups

Normal Abnormal P-value Favourable Intermediate Adverse P-value
Sex Ratio(M:F) 01:01.2 01:01.1 0.032 1.5:1 01:01.3 01:01.3 0.014
Age, Median 45.6 45.45 0.026 41.6 45.7 49.8 0.003
(Range) (17-74) (17-60) (17-74) (17-74) (18-60)
LDH (IU/L), 597.2 757.7 0.04 660.3 730.5 509.3 0.089
Median,(Range) (99-3228) (130-6029) (135-3228) (99-6027) (164-3428)
Hb (g%) 8.3 8.09 0.09 8.4 8.1 8.1 0.374
Median,(Range) (1.3-14) (1.06-15.2) (3.5-15.2) (1.3-14.8) (1.06-13.6)
Platelet (X 10°/L) 65.3 68.7 0.998 524 68.5 80.9 0.264
Median,(Range) (2-1080) (5-1298) (5-272) (2-1080) (5.8-1298)
WBC (X 10°/L) 40.6 48.1 0.018 44.6 45.4 45.1 0.023
Median, (Range) (0.4-909) (5-1298) (0.4-1213) (0.06-909) (1.2-4017)
BM Blast(%) 61.6 64.9 0.19 61.4 64.1 61.5 0.509
Median,(Range) (0-96) (1-99) (1-98) (0-97) (10-99)
Pb Blast (%) 54.3 55.8 0.6 54.9 55.4 54.1 0.964
Median, (Range) (5-95) (2-97) (3-97) (5-95) (2-93)
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Table 3. Distribution of Cytogenetic Findings among Different FAB Subtypes

Cytogenetic Findings FAB Subtypes
AML-MO AML-M1  AML- AML-  AML-M4 AML-MS AML-M6 AML-M7
n=13 n=67 M2 M3 n=134 n=72 n=1 n=1
n=47 n=65

Normal karyotype 11(84.6) 45(67.1) 9(19.1) 45 (62.5) 1 1
Abnormal karyotype 2(15.3) 22(32.8) 38(80.8) 65(100) 27 (37.5) _
t(8;21) _ 34 21 (44.6) _ _
inv(16) _ 2(2.9) 1(2.1) 1(1.3) _
t(15;17) _ _ 65 (100) _ _ _
1(9;22) _ 1(1.4) 1(2.1) _ _ _ _
Trisomy 8 _ 1(1.4) 1(2.1) _ 1(1.3) _ _
Trisomy 21 _ B 2(4.2) _ _ B _
1(6;9) _ _ 1(2.1) _ 2(2.7) _ _
Inv(3) _ 2(2.9) 1(2.1) _ 2(2.7) _ _
-7/del7q _ 2(2.9) _ _ 3(4.1) _ _
-5/del5q 1(7.6) 1(1.4) _ _ 2(2.7) _ _
Complex abnormalities _ 5(7.4) 4(8.5) _ 79.7) _ _
Other abnormalities 1(7.6) 5(7.4) 6 (12.7) _ 9(12.5) B _

Frequency of cytogenetic aberrations within FAB Subtypes
The frequency of cytogenetic aberrations among
different FAB subtypes is shown in Table 3. Among patients
with successful karyotyping, normal karyotypes were
most frequently observed in the M4 subtype, accounting
for 73 patients (62.3%), followed by the M5 subtype,
with 40 patients (59.7%). Chromosomal abnormalities
were also most frequently observed in the M3 subtype,
with 65 (100%) patients by combined conventional and
molecular cytogenetic analysis. This is followed M2
subtype, in which most of the aberrations observed were
t(8;21)(44.6%). The other abnormalities were trisomy
8(2.1%)), trisomy 21(4.2%), 1(6;9)(2.1%), inv(3)(2.1%),
complex abnormalities(8.5%) etc. Other cytogenetic
abnormalities(12.7%) are also more prevalent in the M2
subtype. Inv(16)(8.2%) mostly found an association with
the M4 subtype. Trisomy 8(2.9%), -7/del7q(2.9%), -5/
del5q(0.7%), complex abnormalities(7.4%) were the other
abnormalities found in the M4 subtype (Table 3).

Discussion

Most AML patients exhibit acquired clonal chromosome
aberrations. Understanding the relationship between
specific chromosomal abnormalities, cytomorphologic
features, immunophenotype, and clinical outcome has
reshaped our perception of AML, recognizing it as a
heterogeneous collection of biological entities. The
increasing importance of cytogenetic findings in AML
classification and elucidation of pathogenetic mechanisms
is evident in the WHO classification of AML [8]. Even
though the morphological analysis of bone marrow
aspiration and biopsy remains crucial for diagnosing
AML, it’s evident that the identification of specific
cytogenetic abnormalities and acquired genetic mutations
serves as a cornerstone in predicting prognosis and guiding
treatment decisions.
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In our study cohort, young adult individuals with a
median age of 47.5 years were affected with the disease,
which is much younger when compared with a study
by Wakui et al. [9] and Enjeti et al. [10]. A study from
Turkey also showed a similar median age of 49 years [11].
In an Indian study by Philip et al., the median age was
40 years [12]. According to Philip et al., and Shysh et al.,
the reduced median age may result from both referral bias
towards tertiary centres and a distinct population range in
India and other developing nations, and it is characterized
by a notably smaller proportion of individuals aged over
60 years. In addition to this, potential contributions from
supplementary genetic and environmental factors cannot
be disregarded [12, 13]. Among 400 AML cases, 195
were males and 205 were females, with a ratio of 1:1.05,
with a slight female predominance observed in our study.
A similar result was found in a study by Shin et al.,
where there is a female predominance over male patients
[14]. A study by Thao et al., also showed a comparable
male-to-female ratio of 1:1.07 [15]. Similarly, two South
Indian studies also reported a higher female prevalence
in their de novo AML study cohort [16, 17]. However,
in most of the literature, male dominance was observed
[13, 18, 19]. According to Nakase et al., compared to the
Japanese population M4 subtype is most common in the
Australian population, and Kakepoto et al also reported
that M4 is most common [20-22]. The frequency of
AML M2 in our study cohort is 11.75%, which is lower
when compared to other studies [23]. The least prevalent
subtypes in our study were M6 and M7 (0.2%). Abuhelwa
et al. in Palestine reported that M4 and M7 were the most
and least prevalent subtypes in their study [24].

In our study, normal karyotypes were observed in
50.3% of the cases. This frequency is slightly higher
than what has been reported in some previous studies,
although it aligns with findings from a study conducted
in the United States [25]. Srivastava et al. reported a
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Table 4. Comparison of Cytogenetic Patterns in the Present Study with Previous Reports

925

Country This study uUsS UK Spain Egypt Turkey Tunisia Korea Malaysia China Japan Singapore
(2002) (25) (2006) (33) (2006) (34) (2022) (31) (2022)(11) (2002) (35) (2016) (39) (2024)(5) (2009) (36) (2008) (9)  (2004) (10)
No of Cases 400 1131 1709 1129 120 157 631 2717 245 1432 438 454
Median age(range) 47.5(17-75)  52(15-86)  65(16-99)  61(1-94) 36.5(18-86) 49(18-89) 37(0.08-95)  51(14-89)  39(0-81)  42(4-84)  45(15-66)  49(15-100)
Cytogenetic pattern(%)
Normal Karyotype 50.5 48 45 36.5 56.7 42.8 37.1 414 69.6 42 41.8 39
Structural Abnormalities %

t(8;21) 6.7 7.5 4 2.7 7.5 8 12.2 8.8 7.5 8 17.7 7.5
inv(16) 3.7 7.5 2 2.7 9.2 0.7 3.8 3.6 NA NA 4.1 1.1
t(15;17) 16.2 9.2 8 14.8 7.5 3.6 132 8.6 23 14 5 11
t(9;22) 0.5 0.8 1 NA 0.8 0.7 NA NA NA 2 1.1 NA
11923 abn 0.5 NA 1 33 7.5 2.2 3.5 2.1 NA 1.2 5 0.9
Inv(3) 1.2 NA NA NA 1.6 0.7 NA NA NA NA 0.8 0.7

Numerical Abnormalities(%)
-7/del7q 22 7 7.2 8.6 0.8 7.9 3 4.6 1.2 1 0.3 7
-5/del5q 1.2 7 4.7 9.1 NA 7.2 22 34 0.8 1 0.3 6.6
Trisomy 8 1.7 9 6 11.4 33 NA 7 7.7 3 2 NA NA
Trisomy 21 1 NA NA NA NA NA NA 2.8 0.2 2 NA NA
Complex Abnormalities 6.5 10 15 NA 0.8 14.5 10.8 NA 7.3 6 NA NA
Other Abnormalities 7 NA NA NA NA NA NA NA NA NA NA NA
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Figure 1. [A] GTG-Banded karyotype showing 46,XY,cpx(del(2)(q22q37),del(5)(q21q35),-15,17,i(11q). [B] GTG-
Banded karyotype showing 46,XY,cpx(add(1)(p?)-3,-17, ,+21). [C] Metaphase FISH showing an abnormal IR 1G 2F
pattern, indicating the RUNX1::RUNXIT]I fusion (two fusion signals, one red, and one green). [D] Metaphase FISH
showing an abnormal 1F 1R 1G pattern (one fusion, one separated red, and one separated green signal) indicating
CBFB-MYHI11 rearrangement. [E] Metaphase FISH with the dual-fusion probe showing a positive 1R 1G 2F pattern,
indicating the PML::RARA fusion (two fusion signals, one red, and one green). [F] Interphase and metaphase FISH
showing three green signals corresponding to the gain of chromosome 21. [G] Interphase and metaphase FISH
showing three distinct red signals indicating gain of chromosome 8.

lower frequency of normal karyotypes at 36.1% [26].
Ambayya et al. highlighted the variability in reported rates
of normal karyotypes across different countries, which
ranged between 25% and 70% [27]. While cytogenetic
abnormalities were identified in 49.5% of all AML
patients analyzed. The result was almost consistent with
a study from the US in which 52% of the patients were
observed with abnormal cytogenetics [25]. Comparing
the gender distribution among normal and abnormal
karyotypes shows a significant association with a higher
male-to-female ratio (p=0.032). A significant association
was also found in the WBC count of patients with normal
and abnormal karyotypes. An elevated white blood
cell count at diagnosis is recognized as an independent
prognostic indicator of poor outcomes in both adult and
pediatric patients with AML [26]. It is also recognized as
an additional risk factor in AML and is linked to poorer
outcomes, even within patients classified under favorable
and intermediate-risk groups. This adverse prognostic
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impact is particularly evident in patients with favorable
cytogenetic abnormalities, such as t(8;21) and t(15;17),
but it is also observed in patients with intermediate-risk
cytogenetic profiles [26, 27]. In our study, the comparison
of cytogenetic risk groups with mean WBC counts
revealed a statistically significant difference between the
favorable and adverse groups, with the poor risk group
exhibiting higher mean WBC counts than the other risk
categories(p=0.023).

In our study, AML patients were categorized into
three prognostic groups: favorable (26.7%), intermediate
(60.2%), and adverse (13%). A study on the Moroccan
population by Oum Kaltoum Ait Boujmia et al., 17%
of patients were favorable risk, 65.4% were in the
intermediate-risk group, and 17.6% were adverse risk
[28]. In another report by Khoubila et al. [29] patients
were classified into the favorable group (19.5%),
intermediate (68%), and adverse group (12.5%) [29].
However, the findings from Brazil differed, showing 21%



in the favorable group, 40% in the intermediate group,
and 23% in the poor prognosis category [30]. Overall,
the results were largely comparable across studies, with
minor variations likely attributable to population-specific
differences. Table 4 presents a comparison of the findings
from this study with various population-based and
regional studies.

The most common cytogenetic abnormality found
in our study cohort was t(15;17) (16.2%), which had
a higher frequency (p<0.0001) than in Egypt(7.5%),
Malaysia (2.3%), Japan(5%), the US(9.2%) and UK (8%)
[5, 9, 25, 31, 32]. The frequency was consistent with
those reported from Spain (14.8%, p=0.312), Tunisia
(13.2%, p=0.276), and China (14%, p=0.298), with
no significant differences observed [33—-35] (Table 4)
(Supplementary Table 1). This variation may be attributed
to racial differences, environmental exposures, and the
molecular genetic methods employed in different studies
[35]. In our study, FISH analysis was performed in all
the AML M3 patients to confirm t(15;17), often missed
in poor-quality karyotypes, and to establish baseline
values for post-treatment cytogenetic response.The
second most prevalent abnormality is t(8;21)(6%) was
found to be consistent with reports from the US(7.5%),
Egypt(7.5%), Malaysia(7.5%) and China(8%) and
was more common in UK(4%)(p=<0.0001) [5, 25, 31,
32, 35]. Approximately 44.6% of M2 subtype patients
exhibited the t(8;21) translocation in the current study
population. The t(8;21) translocation is associated with
approximately 40% of myeloid leukemias of the FAB
M2 subtype. According to FAB classification, patients
with t(8;21) AML typically present with M2 morphology,
with a minority of patients presenting M1 or M4 [36,
37]. The frequency of occurrence of inv [16](3.7%)
was comparable to Spain(2%), UK(2%), Korea(3.6%),
Tunisia(3.8%) and Japan(4.1%) but it was statistically
different from studies reported from US(7.5%)(p=0.0091)
and Egypt(9.2%)(p=0.028) [9, 25, 31, 32, 34, 38]. A
study of the Moroccan population showed a similar
occurrence of inv (16) in 3.3% of the patients [29]. The
inv(16) abnormality may be undetected in patients with
suboptimal morphology, particularly when cytogenetic
findings are not correlated with bone marrow morphology.
Therefore, FISH analysis was used for confirmation.
Inv(3)(1.2%) was found to be more common than those
reported from Turkey(0.7%), Japan(0.8%), and Singapore
(0.7%)(p=1.000) [9—11]. However, a study from Southern
Vietnam reported a similar frequency of occurrence of
inv(3)(1.2%) [15] (Table 4).

Trisomy 8, trisomy 21, del7q, and del5q were the
other chromosomal abnormalities found in the current
study group. Trisomy 8, classified as an intermediate-
risk cytogenetic abnormality with yet unclear pathogenic
mechanisms, was identified in only 1.7% of patients in
the present study. This frequency aligns with reports from
the US (3.3%), Egypt (3.3%), Malaysia (3%), and China
(2%), but remains lower(p=<0.0001) than rates observed
in US(9%), Spain (11.4%), Tunisia (7%), and Korea
(7.7%). Trisomy 8 is considered a secondary, disease-
modifying event rather than a primary cytogenetic or
molecular abnormality. Therefore, its presence should
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be assessed through gene expression analysis across all
AML subtypes [39]. The frequency of trisomy 21(1%)
was comparable to that from China and Korea(2-2.8%)
and Malaysia(7.3%) [5, 35, 38]. -7/del7q and -5/del5q
were observed in 2.2% and 1.2%, respectively, which is
lower than the results from the US, UK, Spain, Turkey,
and Singapore(p <0.0001) and found to be higher than
the rates from Japan and China (9-11,25,33,34,36).
Chromosomal abnormalities such as -7/del(7q) and -5/
del(5q) are commonly seen in patients with prior exposure
to alkylating agents or other carcinogens [5]. AML
with 11q23 abnormalities represents a heterogeneous
group involving various partner chromosomes, making
risk stratification complex and often controversial.
While generally associated with poorer outcomes
compared to normal karyotype, some studies suggest
that specific translocations, such as t(9;11), may confer a
relatively favorable prognosis, particularly with intensive
chemotherapy. In contrast, rearrangements like t(6;11)
are linked to worse outcomes. In our study cohort, the
frequency of 11923 rearrangements was detected in 0.5%
of the cases, and comparable with several studies where
the frequencies were not more than 4% [11, 32-35, 38].

Complex karyotypes, defined by the presence of three
or more chromosomal abnormalities, were observed
in 6.5% of our patients. This is comparable to findings
from China (6%) and Malaysia (7.5%), lower than those
reported in the US (10%), UK (15%), Turkey (14.5%),
and Tunisia (10.8%), but higher than Egypt (0.8%) [11,
25, 31, 32, 34]. These differences were statistically
significant and appear to vary across studies. Most
cytogenetic classification systems define a complex
karyotype as having three or more abnormalities, with the
exception of the Medical Research Council (MRC). The
latest WHO classification specifies this as three or more
unrelated abnormalities, excluding patients with t(15;17),
t(9;11), or core-binding factor (CBF) leukemias. Complex
karyotypes occur in about 10-12% of adult AML patients
and are generally associated with poor prognosis, unless
accompanied by favorable-risk translocations like t(8;21),
t(15;17), or t(16;16)/inv(16), where increased complexity
does not typically impact outcomes [5, 40].

This large-scale study from a South Indian tertiary
centre highlights the distinct cytogenetic landscape
of AML, revealing both common and region-specific
chromosomal abnormalities. The variation in findings
compared to global data suggests underlying ethnic and
environmental influences. These results underscore the
vital role of cytogenetic analysis in AML diagnosis,
risk stratification, and treatment planning, while also
emphasizing the need for region-specific research to
enhance understanding of disease biology and improve
patient outcomes.
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