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Abstract

Background: The cytogenetic characteristics are important factors for risk stratification at diagnosis of acute
myeloid leukemia (AML); however, cytogenetic profile of Vietnamese patients with AML remains undetermined. In
this study, we present the chromosomal data of de novo AML patients in Southern Vietnam. Methods: We performed
cytogenetic testing for 336 AML patients using G banding. If the patients had suspected abnormalities, fluorescence in situ
hybridization with probes of inv(3)(q21q26)/t(3;3)(q21:;926), 5931, 7931, t(8;21)(q21.3;q22), 11923, t(15;17)(q24;q21),
inv(16)(p13q22)/t(16;16)(p13;q22)were analyzed. Patients without above aberrations or with normal karyotype were
tested by fluorescence in situ hybridization using probe 11q23. Results: We found that the median age was 39 years.
According to French — American — British classification, AML-M2 is the most frequent type with 35.1%. Chromosomal
abnormalities were detected in 208 cases, accounting for 61.9%. Among structural abnormalities, t(15;17) was the
most common (19.6%), followed by t(8;21) and inv (16)/t(16;16) in 10.1% and 6.2%, respectively. In perspective of
chromosomal numerical abnornmalities, loss of sex chromosomes are the most common (7.7%), followed by +8 in
6.8%, -7/del(7q) in 4.4%, +21 in 3.9% and -5/del (5q) in 2.1%. The prevalence of addditional cytogenetic aberrations
accompanying with t(8;21) and inv(16)/t(16;16) were 82.4% and 52.4%, repectively. None of +8 cases was associated
with t(8;21). Regarding cytogenetic risk assessment according to European Leukemia Net 2017, there were 121 (36%)
patients in favorable-risk, 180 (53.6%) in intermediate-risk and 35 (10.4%) in adverse-risk group. Conclusion: In
conclusion, this is the first comprehensive cytogenetic profile of Vietnamese patients diagnosed with de novo AML,
which helps clinical doctors in prognostic classification for AML patients in Southern Vietnam.
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Introduction

Acute myeloid leukemia (AML) is a clonal malignancy
with abnormal differentiation and uncontrolled
proliferation of myeloid progenitor cells, resulting in
excessive blast presence in the bone marrow, peripheral
blood and possibly in other organs. AML is more common
in adults than in children, and the incidence increases with
age. The disease is biologically heterogencous, owing to
the accumulation of genetic alterations in hematopoietic
stem cells and/or progenitor cells. Based on chromosomal
abnormalities, AML is divided into 3 groups of favorable,
intermediate- and adverse-risk with different treatment
regimens (Byrd et al., 2002).

Nowadays, assessing the cytogenetic characteristics
of AML patients is an indispensable step in the clinical
approach. Cytogenetic assays play an important role in the
definitive diagnosis, risk stratification, disease prognosis,
and treatment decisions (D6hner et al., 2017). It has been
reported that 40-60% of AML patients carry cytogenetic
abnormalities (Byrd et al., 2002; Cheng et al., 2009;
Khoubila et al., 2019). Differences in diets, lifestyle,
radiation and toxic exposure, as well as several congenital
diseases, may essentially contribute to the pathogenesis of
acute leukemia (Deschler and Liibbert, 2006). There are
many studies of the genetic landscape of AML, which have
been conducted in Japan, India, China (Wakui et al., 2008;
Cheng et al., 2009; Udupa et al., 2020) and especially
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in Southeast Asia including Malaysia, Singapore, and
Thailand (Enjeti et al., 2004; Niparuck et al., 2009; Meng
et al., 2013). The results of the above studies show that
the common chromosomal abnormalities in AML are
almost present in the reports, but the prevalence varies by
geographic region and ethnicity. Vietnam is an agricultural
country and having experienced a long period of war,
the accumulation of toxic substances such as herbicides,
lethal weapons and defoliants for a long time can affect
genetic changes. There are currently no chromosomal
abnormalities data in newly diagnosed AML patients in
Southern Vietnam reported, so we performed this study to
clarify whether the cytogenetic characteristics are different
from its counterpart in other countries around the world.

Materials and Methods

Patients

Actotal of 336 Vietnamese de novo AML patients were
recruited from the Blood Transfusion and Hematology
Hospital and Cho Ray Hospital at Ho Chi Minh City,
Vietnam from 2015 to 2021. AML diagnosis was made
based on morphological examination of bone marrow
aspiration according to the French — American — British
(FAB) classification with eight subtypes from MO
to M7. Cytogenetic risk stratification was based on
European Leukemia Net (ELN) 2017. Written informed
consents for chromosomal analyses were obtained from
enrolled patients. This study was approved by the Ethics
Committees of the University of Medicine and Pharmacy
at Ho Chi Minh City (number 440/DHYD-HDPDD).

Flow cytometric immunophenotyping

The panel of 20 monoclonal antibodies (System BD
FACScanto II, BD Biosciences, USA) was used to detect
cluster of differentiation including CD13, CD33, CD117,
CD15,CD16,CDI11b,CD34,CD38,CD14, CD36, CD6A4,
CD235a, CD71, CD56, CD41a, CD61, CD123, CD4,
MPO, HLA-DR. This immunophenotyping analysis was
used in order to confirm the diagnosis of AML in all
patients.

Conventional cytogenetic analysis

Two mL of bone marrow aspiration or 4 mL of
peripheral blood samples (if immature cells accounted
for at least 10% of peripheral blood cells and white
blood cell count was at least 10 x 10°L) in 300 units of
lithium heparin were obtained. Chromosomal culture
procedure was performed within one hour. 2 x 107 cells
were cultured in 10 mL of RPMI-1640 medium containing
10% fetal bovine serum (Sigma life science, USA), 1%
antibiotic (Gibco, USA) and 200 uL Phytohemagglutinin-
lymphocyte-conditioned medium, then incubated at
37°C, 5% CO, for 24 hours for bone marrow samples
and 48 hours for blood samples. After cell division
was stopped using demecolcine solution (Sigma life
science, USA), the cell membrane was destroyed with
0.075M KCL hypotonic solution and fixed with Carnoy
solution (Methanol: Acetic acid = 1: 3). Cell residues
were washed and chromosome slides were prepared.
The slides were baked at 60°C for 4 hours, treated with
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0.1% trypsin for an appropriate time, stained with Giemsa
and analyzed under an optical microscope. For each
patient, an average of 20 cells were analyzed using Ikaros
software (MetaSystems, Germany). Karyotypes were
encoded according to the International System for Human
Cytogenetic Nomenclature (ISCN) 2013 criteria. Cases
with three or more clonal abnormalities were defined as
complex karyotype.

Fluorescence in situ hybridization (FISH)

Chromosomal abnormalities including inv(3)
(921926)/t(3;3)(q21;926), 5931, 7931, t(8;21)(q21.3;q22),
1123 rearrangement, t(15;17)(q24;q921), inv(16)
(p13922)/t(16;16)(p13;922) and t(9;22)(q34;q11) were
confirmed by FISH with the corresponding Vysis probe
(Abbott, USA). All patients without above aberrations or
with normal karyotype were tested by FISH with probe
11g23. Cells from peripheral blood or bone marrow
samples collected in heparin were harvested directly
or after chromosome culture. The cells on slides were
hybridized at 37°C overnight after denaturation at 75°C
for 5 min. On day 2, the slides were washed to remove
nonspecifically coupled probes, stained with DAPI and
coated with PPD. Approximately 200 cells were analyzed
under a BX51 fluorescence microscope (Olympus, Japan)
using Isis software (MetaSystems, Germany).

Results

Patient, cell morphology and immunophenotype
characteristics

Among 336 patients diagnosed with AML, there were
slightly more females than males (174/162). The median
age was 39 years (range, 1 — 81 years). According to FAB
morphological classification, AML-M2 accounted for
the highest percentage (35.1%), followed by AML mono
(AML-M4/M5) (31.2%) and AML-M3 (19.6%). Only 5
patients were diagnosed with AML-M®6, comprising the
lowest rate (1.5%) (Table 1).

Cytogenetic characteristics

All 336 patients in this study had cytogenetic profile
analyzed. It was showed that 208 patients had abnormal
chromosomes, accounting for 61.9%. Regarding the
cytogenetic risk stratification according to ELN 2017,
there were 121 (36%) patients classified as favorable-risk,
180 (53.6%) patients as intermediate-risk and 35 patients
as (10.4%) adverse-risk group.

In terms of structural chromosomal abnormalities,
t(15;17)(q24;921) was the most common with 66 (19.6%)
patients, followed by t(8;21)(q21.3;q22) and inv(16)
(p13q22), with 34 (10.1%) and 21 (6.3%) patients,
respectively. Translocations of t(6;9)(p23;q34), t(9;11)
(p21;923) and t(9;22)(q34;ql1) were found in only 1
(0.3%) patient. On the other hand, in the perspective
of chromosomal numerical abnornmalities, loss of X
chromosome (-X) and loss of Y chromosome (-Y) were
the most common with 26 patients, accounting for 7.7%,
followed by +8, +21, -5/del(5q), -7/del(7q) with 23 (6.8%),
13 (3.9%), 7 (2.1%) and 15 (4.5%) patients, respectively
(Table 1, 2).



Table 1. Characteristics of AML Patients by Age, Gender,
FAB Subtype and Risk Classification

Characteristics (Total number of patients: 336 patients)

Median age (range), (years) 39 (1-81)
Gender, n (%)
Male 162 (48.2)
Female 174 (51.8)
Male/Female 1/1.07
FAB classification, n (%)
MO 19 (5.7)
M1 15 (4.5)
M2 118 (35.1)
M3 66 (19.6)
M4 75 (22.3)
M5 30 (8.9)
M6 5(1.5)
M7 8(2.4)
Risk classification, n (%)
Favorable 121 (36.0)
t(8;21) 34 (10.1)
inv(16)/t(16;16) 21(6.3)
t(15;17) 66 (19.6)
Intermediate 180 (53.6)
Normal karyotype 128 (38.1)
t(9;11) 1(0.3)
Other abnormalities* 51(15.2)
Adverse 35(10.4)
-7/del(7) 10 (3.0)
11923 abn 5(1.5)
-5/del(5) 1(0.3)
inv(3) 3(0.9)
1(6;9) 1(0.3)
t(9;22) 1(0.3)
Complex karyotype 14 (4.2)**

AML, Acute myeloid leukemia; abn, Abnormality; FAB, French —
American — British; del, Deletion; inv, Inversion; t,Translocation;
*The chromosomal abnormalities did not belong to favorable- and
adverse-group; **1 patient had inv(3); 4 patients had -5/del(5q); 2
patients had -7/del(7q); 1 patient had a combination of del(5q) and -7

Additional cytogenetic aberrations in t(15;17), 1(8;21)
and inv(16)

The t(15;17) translocation was the most frequent
structural anomaly in our study. Abnormalities associated
with t(15;17) were only seen in 6/66 cases, accounting for
9.1%. There were 2 patients carrying three-way complex
variant translocation including t(9;17;15)(q22;q21;q24)
and t(2;17;15)(q21;921;q24). In regard to t(15;17)
translocation associated with numerical abnornmalities
chromosome, there were 1 case with +8, 1 case with +21
and 1 patient carrying both +9 and i(17)(q10). A complex
chromosomal abnormality 47,XY,der(15)t(15;17)
(924;921),ider(17)(q10)t(15;17)(q24;921),+der(17)
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t(17;7)(p11;?) t(15;17)(q24;921) was noted in one patient.

Among 34 patients carrying t(8;21), 28 (82.4%)
patients had at least one additional abnormality. -Y was
the most common anomaly, accounting for 55.9%, while
4 (11.8%) patients had del(9q) and 1 (2.9%) patient
had der(1)t(1;1)(p36.3;921). Del(9q), -X and complex
karyotype were found in 8 (23.6%), 2 (5.9%) and 3
(8.8%) patients, respectively. Del(5q), trisomy 4 and
der(7)t(1;7)(q21;p22) were seen in only one patient for
each anomaly. There were no cases of +8 associated with
t(8;21) (Table 2).

The percentage of abnormalities associated with
inv(16) was lower than that of t(8;21), encountered
in 52.4% (11/21) of cases. +22 and +8 were common
comorbidities, accounting for 28.6% and 23.8%,
respectively. Complex chromosomal abnormalities were
seen in 19% of cases. Del(7q), del(9q), del(17p) and t(5;6)
(q13;927) were found in only one patient for each type
(Table 2).

Additional cytogenetic aberrations in chromosomal
numerical abnormalities

Sex chromosome abnormalities were often associated
with other chromosomal abnormalities including t(8;21),
del(5q) and del(7q) in 21, 1 and 1 patients, respectively.
Three (0.9%) patients who habored sex chromosome
abnormalities and were classified as intermediate-risk
group included 1 patient with -Y alone, 1 patient with +4,
and 1 patient with del(X)(p21) plus +11. Among 7 patients
with -5/del(5q), there were only 1 case with del(5q) alone,
1 patient had t(8;21), 1 patient had -7 in complex karyotype
and 4 patients had complex karyotype without -7/del(7q).
Among 15 patients with -7/del(7q), there were 10 patients
carrying -7/del(7q) alone; among the remaining 5 patients,
there were | patient with inv(16), 1 patient with t(9;22),
1 patient with del(5q) in a complex karyotype, 2 patients
with complex karyotype without -5/del(5q).

In addition, there were 23 patients carrying +8, among
whom the rates of favorable-, intermediate- and adverse-
risk groups were 26.1%, 47.8% and 26.1%, respectively.
Six patients were in favorable-risk group, including 5
patients with inv(16) and 1 patient with t(15;17); there
was no case associated with t(8;21). In the intermediate-
risk group, there were 9 patients with +8 alone and 2
patients with one another abnormality (+14 or +21.) All 6
patients in the adverse-risk group had complex karyotype,
including 1 patient with inv(3)(q21q26).

We also detected 13 (3.9%) patients with +21. In 7
patients classified as intermediate-risk, there were 4 cases
of +21 alone; the other 3 cases were accompanied by +8,
del(9)(g22) or +20 in each patient. In the remaining 6
cases, there was | patient with t(15;17), 1 patient with
inv(16) and 4 patients with complex karyotype.

In terms of complex karyotype, there were 14 (4.2%)
patients in the adverse-risk group (Table 1). Among them,
1 patient had inv(3), 4 patients had -5/del(5q), 2 patients
had -7/del(7), 1 patient had a combination of del(5q) and
-7, 1 patient had three abnormalities, and 5 patients had

polyploidy.
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Table 2. Additional Cytogenetic Abnormalities in Core Binding Factor

t(8;21) (n = 34)

inv(16) (n=21)

Category, n (%)

Category, n (%)
No other abnormality
Del(7q)
Del(9q) + Trisomy 22**
Del(17p)
Trisomy 8
Trisomy 8 + Trisomy 22**
Trisomy 8 + Trisomy 14 + Trisomy 22**
Trisomy 8 +Trisomy 21 + Trisomy 22**
Trisomy 22
©5;6)(q13;927)

10 (47.6)
1(4.8)
1(4.8)
1(4.8)
2(9.5)
1(4.8)
1(4.8)
1(4.8)
2(9.5)
1(4.8)

No other abnormality 6(17.6)
Loss of X 2(5.9)
Loss of Y 14 (41.2)
Loss of Y and der(1)t(1;1)(p36;q21)* 1(2.9)
Loss of Y and del(9q)* 4(11.8)
Del(5q) 1(2.9)
Del(9q) 4 (11.8)
Trisomy 8 0(0.0)
Trisomy 4 1(2.9)
Der(7)t(1;7)(q21;p22) 1(2.9)
Complex karyotype*¥ 3(8.8)

del: Deletion; inv: Inversion; t: Translocation; * Total of 8 patients had complex karyotype with t(8;21); **:Total of 4 patients had complex karyo-
type with inv(16); ¥ 3 patients with complex karyotype as follows:46,XX,t(8;21)(q21.3;q22)[14]/47,idem,+4[3]/49,idem,+4,+15,+der(21)t(8;21)
(921.3;922)[3]. 46,XX,del(8)(q21q22),der(11)del(11)(q23)t(8;11)(q21;p15)t(8;21)(q22;q22),del(21)(q22)[12]/ 46,idem,add(12)(p13)[4]/45,idem,-
X,add(12)(p13)[4]; 45,X.-Y,der(3)t(3;8)(q25;q24),der(8)t(8;21)(q22;q22),der(21)t(8;21)(q22;q22)t(3;8)(q25;q24)[20]

Discussion

This is the first study to describe the cytogenetic profile
of AML patients in Southern Vietnam. Among 336 AML
cases, there were 162 male patients (48.2%) and 174
female patients (51.8%), with a female: male ratio of 1.07.
Females accounted for a higher proportion in our study,
similar to the results of Niparuck P et al. study (52.8%)
(Niparuck et al., 2009), although other reports showed
that more males acquired AML (Byrd et al., 2002; Enjeti
et al., 2004; Sierra et al., 2006; Cheng et al., 2009; Meng

et al., 2013). The higher risk of leukemia in men may be
due to work-related and environmental factors such as
pesticides, tobacco and radiation. The fact that Vietnam
and Thailand are agricultural countries, where women
participate in occupational activities similar to what men
do, can explain the higher risk of this disease among
women in these two countries. Regarding morphological
classification according to FAB, AML-M2 accounted for
the highest percentage (35.1%), followed by AML mono
(M4/M5) (31.2%) and M3 (19.6%) and the lowest being
M6 (1.5%) and M7 (2.4%). AML-M2 had the highest

Table 3. Comparison of Cytogenetics of AML Patients between Our Study and Other Studies

Reference Our study Enjeti Meng Cheng  Wakui  Udupa Elnaggar 2022 Gmidene Khoubila  Grimwade Byrd

2023 2004 2013 2009 2008 2020 2012 2019 2010 2002

Country Vietnam  Singapore Malaysia  China Japan India Egypt Tunisia ~ Morocco UK USA

No. of 336 454 480 1432 638 173 120 631 895 5876 1311
cases (n)

Median 39 49 39 42 45 39 36.5 37 40.5 44 52
age (range) (1-81) (15-100)  (0.3-81)  (4-84) (15-66) (16-82) (18-86) (0.08-95)  (20-60) (15-59) (15-86)
Normal 38.1 39 69.6 42 41.8 34.6 56.7 37.1 42 41 48

karyotype,

n (%)

Structural abnormalities (%)
t(15;17) 19.6 11 2.3 14 - 8.6 9.2 13.2 3.7 13 7
(8;21) 10.1 7.5 7.5 8 17.7 20.8 7.5 12.2 12.5 7 8.7
inv(16) 6.3 1.1 - 4.1 17.9 7.5 3.8 33 5 7.9
1123 abn 1.5 0.9 - 1 5 3.4 7.5 35 3.6 3.6 -
inv(3) 1.2 0.7 - - 0.8 3.4 1.6 1 -
1(9;22) 0.3 - - 1.1 0.8 1 -
Complex 4.2 17 7.3 6 6.4 2.3 0.8 10.8 14 10

Numerical abnormalities (%)
-5/del(5q) 2.1 6.6 0.8 1 0.3 2.3 - 22 1 4.7 7
-7/del(7q) 45 7 1.2 1 0.3 1.1 0.8 3 3 7.2 7
+8 6.8 7.3 3 2 - - 33 7 52 10 9
+11 2.1 1.66 1.6
+21 39 - - - - - 3 2

AML, Acute myeloid leukemia; abn, Abnormality; del, Deletion; inv, Inversion; t, Translocation
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prevalence reported in most studies (Byrd et al., 2002;
Enjeti etal., 2004; Cheng et al., 2009; Udupa et al., 2020),
however, several studies reported that M4/M5 comprised
the highest rate (Abuhelwa et al., 2017; Elnaggar et al.,
2022).

Using conventional cytogenetic analysis with G-band
staining, we detected 61.9% out of 336 AML patients
carrying chromosomal abnormalities, similar to previous
reports with rates ranging from 40 to 60% (Byrd et al.,
2002; Enjeti et al., 2004; Wakui et al., 2008; Cheng et
al., 2009; Khoubila et al., 2019; Elnaggar et al., 2022).
The t(15;17) translocation was the structural abnormality
with the highest incidence, higher than other reports in
the world (Byrd et al., 2002; Enjeti et al., 2004; Cheng et
al., 2009; Grimwade et al., 2010; Khoubila et al., 2019;
Elnaggar et al., 2022), especially in Malaysia (2.3%)
and in Morocco (3.7%). This difference may be due to
race, exposure factors and molecular genetic techniques
used (Cheng et al., 2009). All patients with confirmed
or suspected AML-M3 based on cell morphology and
cell surface markers were examined by 3 tests including
chromosomal analysis, FISH with t(15;17) dual color-dual
fusion probe and reverse transcription polymerase chain
reaction for PML-RARA detection, in order not to miss
cases of AML-M3 with cryptic translocations, insertions
or poor quality chromosomes.

The rate of t(8;21) in our study was 10.1%, similar
to the results in Tunisia (12.2%) (Gmideéne et al., 2012),
Morocco (12.5%) (Khoubila et al., 2019), but lower than
studies in Japan (Wakui et al., 2008) and India (Udupa et
al., 2020) (Table 3). There were 28/34 patients (82.4%)
carrying t(8;21) who had at least one more chromosomal
abnormality, higher than its counterpart in Germany
(69 - 74.7%) (Schlenk et al., 2004; Kuchenbauer et al.,
2006) in USA (66 - 71%) (Appelbaum et al., 2006; Han
et al., 2021), UK (68.2%) (Grimwade et al., 2010) and
France (62%) (Prébet et al., 2009). Among the associated
chromosomal abnormalities with t(8;21), -Y accounted
for the highest percentage (55.9%), similar to the results
of Appelbaum, Schlenk et al. (Schlenk et al., 2004;
Appelbaum et al., 2006), but higher than reported by other
authors (Kuchenbauer et al., 2006; Niparuck et al., 2009;
Grimwade et al., 2010; Han et al., 2021). Meanwhile,
-X was associated with only 2 cases (5.9%), lower than
other studies (Schlenk et al., 2004; Appelbaum et al.,
2006; Kuchenbauer et al., 2006; Peterson et al., 2007;
Niparuck et al., 2009; Grimwade et al., 2010; Han et al.,
2021). Del(9) was the second most frequent abnormality
associated with t(8;21), after -Y, accounting for 23.6%
and up to half of cases associated with -Y. Previous
reports indicated that 5-8% of +8 cases are associated
with t(8;21) (Schlenk et al., 2004; Appelbaum et al., 2006;
Kuchenbauer et al., 2006; Prébet et al., 2009; Han et al.,
2021), however no case was detected in our study.

Inv(16) was found in 6.3% of patients, being consistent
with the findings in Saudi Arabia (7%) (Alrajeh et al.,
2017), Egypt (7.5%) (Elnaggar et al., 2022), USA (7.9%)
(Byrd et al., 2002) but much lower than the results of the
Indian study (17.9%) (Udupa et al., 2020) (Table 3). There
was 52.4% (11/21) inv(16) patients containing at least
one associated abnormality, which was higher than other
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reports with rates ranging from 40% to 42% (Schlenk et
al., 2004; Appelbaum et al., 2006; Prébet et al., 2009;
Han et al., 2021). In the abnormal cases associated with
inv(16), +22 and +8 were the most common, at 28.6%
and 23.8%, respectively, higher than in other reports
(Appelbaum et al., 2006; Prébet et al., 2009; Han et al.,
2021). Complex chromosomal abnormalities associated
with inv(16) accounted for 19% (4/21), higher than the
percentage reported in USA (12% - 16%)(Appelbaum
et al., 2006; Han et al., 2021) and France (10%) (Prébet
et al., 2009). There were no cases of -X, -Y associated
with inv(16) in this study. However, several authors have
reported cases of associated -X, -Y (Appelbaum et al.,
2006; Prébet et al., 2009).

In our study, -X and -Y were the most common
(7.4%) in the chromosomal numerical abnormality group,
followed by +8 (6.8%), +21 (3.9%), -5/del(5q) (2.1%), -7/
del(7q) (4.5%). There was only one isolated -Y case, while
the remaining 25 cases with -X, -Y had accompanying
chromosomal abnormalities such as t(8;21) in 21 cases,
del(5q) in 1 case and del(7q) in 1 case. Several reports
showed that loss of sex chromosome can occur in elderly
as physiological phenomenon (1.8%) (Huh et al., 2007)
or as an acquired abnormality in hematologic malignancy
(5.1% - 6.3%) (Wiktor et al., 2000) (Huh et al., 2007)
including AML (9.5%), multiple myeloma (13%),
myelodysplastic syndrome (6.0%) (Huh et al., 2007;
Shahrabi et al., 2018). The presence of sex chromsome
loss can cause genetic instability but its effect on AML
prognosis is controversial. We recorded 23 (6.8%) patients
with +8, with or without associated abnormalities, mainly
in the intermediate-risk group (47.8%). This ratio was
similar to the findings in Tunisia (Gmideéne et al., 2012)
and Singapore (Enjeti et al., 2004), but higher than the
results in China (Cheng et al., 2009), Malaysia (Meng et
al., 2013) and lower than the results in Thailand (Niparuck
et al., 2009), Saudi Arabia (Alrajeh et al., 2017), USA
(Byrd et al., 2002) and UK (Grimwade et al., 2010)
(Table 3). Schoch et al. showed that average event-free
survival was significantly different between the group
with isolated +8 compared with the group who had other
abnormalities, predominantly complex chromosomes, so a
complete chromosomal analysis is needed to fully identify
the cytogenetic characteristics of AML patients with +8
(Schochetal., 1997). -5/del(5q), -7/del(7q) were detected
at a rate of 2.1% and 4.5%, respectively, lower than the
results in Singapore (Enjeti et al., 2004), UK (Grimwade
etal., 2010) and USA (Byrd et al., 2002), but higher than
the results in Japan (Wakui et al., 2008) and China (Cheng
etal.,2009). +11 and +21 were seen in 2.1% and 3.9% of
cases respectively and these abnormalities were reported
in only a few studies (Byrd et al., 2002; Grimwade et al.,
2010; Elnaggar et al., 2022) (Table 3).

The rate of complex chromosomes in the high-risk
group also varies from study to study. There were 4.2%
cases with complex chromosomes in this study, higher
than the results in Egypt (Elnaggar et al., 2022) and India
(Udupa et al., 2020), but lower than many other studies
(Byrd et al., 2002; Enjeti et al., 2004; Wakui et al., 2008;
Cheng et al., 2009; Grimwade et al., 2010; Meng et al.,
2013).
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In perspective of risk stratification based on the
ELN 2017 criteria, it is showed that the percentages of
favorable-, intermediate- and adverse-risk groups were
36%, 53.6% and 10.4%, respectively. In our study, the ratio
of'the favorable-risk group was higher than its counterpart
in the Egypt (Elnaggar et al., 2022) and Morocco
(Khoubila et al., 2019) but lower than in India (Udupa et
al., 2020). The favorable-risk group in India was much
more common because t(8;21) and inv(16)/t(16;16) were
more prevalent, while t(15;17) in our study comprised
higher percentage than in other studies. This difference
emphasizes the variation of cytogenetic characteristics by
geographical location.

In conclusion, this study is the first comprehensive
analysis of conventional cytogenetics in Vietnamese
patients with de novo AML. The cytogenetic profile in our
study had some differences in prevalence of chromosomal
abnormalities when compared with that of other countries.
Our data would help the clinical doctors in prognostic
classification for AML patients in Southern Vietnam.
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