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Background: The karyotype is the important factor for the diagnosis and prognosis of primary myelodysplastic
syndromes (MDS). Some previous studies have suggested that the incidence of chromosomal variations in MDS
was related to race. We analyze the chromosomal characteristics in Vietnamese patients with MDS to find differences
compared to other races and the association with subtypes by WHO classification.

Methods: Sixty patients with new primary MDS diagnoses underwent cytogenetic analysis and FISH for del(5q).
Results: Twenty-five patients (41.67%) had an abnormal karyotype at the time of diagnosis, in which 18 patients
with a complex karyotype (>3 chromosomal abnormality) represented the highest percentage (30%). The most
frequent chromosomal abnormalities were +8 found in 10/60 patients (16.7%), del (5q) in 9/60 patients (15%),
-18 in 5/60 patients (8.3%), only one patient had isolated del(5q) with 1.67%. Patients with abnormal karyotype
had higher odds of being MDS-EB (MDS with excess blast) compared to those with normal karyotype (OR =
3.407, 95% CI = 1.164 — 9.976). Patients with complex karyotypes had a higher probability of having MDS-EB
compared to those without complex karyotype (OR = 3.25, 95% CI = 1.018 — 10.379).

Conclusions: The complex karyotype was the most frequent chromosomal abnormality. Patients with an abnormal
or complex karyotype had a higher probability of having MDS with excess blast. The isolated del (5q) ratio is very
low compared to Europe and North Africa, but similar to China and Japan as they are the same countries in East
Asia.

1. Introduction del (7)/ del(7q)} [3]. Cytogenetic abnormalities were also part of the
minimal diagnostic criteria of the MDS proposal proposed by WHO from

Myelodysplastic syndromes (MDS) are a group of heterogeneous 2001 to 2007 [4].

hematopoietic stem cell disorders characterized by ineffective hemato-
poiesis, bone marrow dysplasia, and peripheral cytopenia with
increased susceptibility in transformation to acute myeloid leukemia
[1]. In approximately 50% of patients with MDS, cytogenetic abnor-
malities are detectable by conventional chromosome analysis from bone
marrow metaphases [2]. Cytogenetic abnormalities play an important
role in the diagnosis, classification, prognosis, and therapy of MDS, so
chromosome analysis is essential.

Cytogenetic abnormalities have become one of the diagnostic criteria
that define MDS. According to NCCN, the diagnosis of MDS requires >1
of 3 following MDS-related criteria: (1) dysplasia (> 10% in > 1 of 3
major bone marrow cell lines); (2) blast cells percentage of 5 — 19%; and
(3) a specific MDS-associated karyotype {eg, del(5q), del(20q), +8, or

The MDS classification has improved and changed several times for
decades. In 1982, the FAB classification was based on percentage of
blasts and morphological features in blood and bone marrow, ringed
sideroblasts, and number of monocytes in peripheral blood. In 2001, the
WHO proposed a classification for MDS that was modified from the
original French-American-British (FAB) definitions and from there MDS-
isolated 5g- has become one of the important suptypes of MDS. Since
then, this classification has been updated twice (2008 and 2016). The
2016 WHO classification defined one type of unclassifiable MDS (MDS-U
CG) based on defining the cytogenetic abnormality [3,5,6].

Cytogenetic abnormalities have been considered a factor in the
calculation of the MDS risk score. The prognosis of MDS is calculated
using the International Prognostic Scoring System Revision (IPSS-R)
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score, which includes categories analysed for cytogenetics, in addition to
the number of cytopenia and the blast percentage. The present of >3
chromosomal abnormalities indicates a very poor prognosis [3,6].

Cytogenetic abnormalities also play an important role in the selec-
tion of the most effective therapy. Lenalidomide is the FDA- approved
standard of care for low-risk MDS with del(5q), capable of inducing
cytogenetic CR and achieving transfusion independence [7,8].

Although cytogenetic findings are not used to outline specific sub-
types of MDS, except for some special suptypes (MDS-U CG, MDS iso-
lated del(5q) for example), they were strongly correlated with a
prognosis.

With such important implications, some studies also suggested that
chromosomal characteristics in patients with myelodysplastic syn-
dromes were race-related, which may affect the diagnosis of some spe-
cial suptypes, as well as prognosis. Yasser Elnahass et al., indicated that
the cytogenetic characteristics of Egyptian patients with MDS were
similar to those of North African and European patients, Akira Matsuda
et al., showed that the prognosis of Japanese patients was significantly
more favorable than that of German patients [9,10].

The present study was conducted to analyze the cytogenetic char-
acteristics in Vietnamese patients with primary MDS to find differences
compared to other races and the association with subtypes by WHO
classification.

2. Patient and methods
2.1. Patients

A total of 60 patients with primary MDS diagnosis new in the Center
of Hematology and Blood Transfusion — Bach Mai Hospital, Hanoi,
Vietnam, in the period between January 2018 and September 2020 were
enrolled in our study.

2.2. Conventional cytogenetic analysis and fluorescence in situ
hybridization

Chromosome analysis was performed on bone marrow aspirate
specimens of 60 patients with primary MDS at the time of diagnosis.
Bone marrow samples were processed after culture (24) following
standard procedures. Chromosomes were stained with G bands, and
karyotypes were reported according to the recommendations of the In-
ternational System for Human Cytogenetic Nomenclature (ISCN, 1995)
[11]. All samples were subjected to fluorescence in situ hybridization
(FISH) studies for del(5q).

2.3. Definitions

Morphological assessment for the diagnosis of MDS, defining cyto-
penia, rating of dysplasia, and blasts percentage was performed ac-
cording to the criteria of IWGM-MDS 2008 and the WHO 2016 criteria
[12,3,6]. Cytogenetic abnormalities used to define MDS were according
to WHO 2016 criteria [3,6]. The diagnosis of MDS was by Proposal of
minimal diagnostic criteria of MDS [4]. The classification of MDS of the
patients in our cohort was based on WHO 2016 [3,6]. IPSS-R was uti-
lised as a prognostic tool [3,6].

2.4. Statistical analysis

Numerical data were offered as mean and range as appropriate.
Qualitative data have been expressed as frequency and percentage.
Differences in the distribution of variables among subsets of patients
were analysed using y* and Fisher’s exact tests. The ORs were calculated
to understand the association between the abnormal karyotype or
complex karyotype with the MDS- EB status (MDS with excess blast).

The study protocol was approved by the Ethical Committee in Hanoi
Medical University. Patient consent was waived by the committee as this
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Table 1
Patients characteristics.
Age (years) Mean 60.38 years
Min-max 16-86
Gender (n,%) Male 36 (60%)
Female 24 (40%)
Hemoglobin (g/L) Mean 79.80
Min-max 35-130
Total neutrophil count (x 10°/L) Mean 4.2
Min-max 0.04-75
Platelet count (x 10°/L) Mean 79.0
Min-max 2-653
Peripheral blood Cytopenias (n, Unicytopenia 14 (23.3%)
%) Bicytopenia 22 (36.7%)
Pancytopenia 24 (40.0%)
Peripheral blood Mean 2
Blast (%) Min-max 0-18
Total bone marrow cell count (x Mean 65.62
10°/L) Min-max 427 514
Bone marrow cellularity (n,%) Hypercellular marrow 9 (15%)
Normocellular marrow 30 (50%)
Hypocellular marrow 21 (35%)
Bone marrow Blasts (%) Mean 9.76
Min-max 0-18
MDS subtypes (n,%) MDS-SLD 9 (15.0%)
MDS-MLD 22
(36.67%)
MDS-EB1 9 (15%)
MDS-EB2 19
(31.67%)
Isolated del (5q) 1 (1.67%)
Karyotype Normal 35
(58.33%)
Abnormal 25
(41.67%)
Single chromosomal 4(6.67%)
abnormality
2 chromosomal abnormality 3 (5.0%)

>3 chromosomal 18 (30.0%)

abnormality
Risk categories (IPSS-R) Very low 2 (3.33%)
Low 15 (25%)
Intermediate 11
(18.33%)
High 12 (20%)
Very high 20
(33.33%)

study was a retrospective observational study.
3. Results
3.1. Clinical data

At diagnosis, there were 60 patients: 36 were males, with a mean age
of 60.38 y (range: 16-86). Twenty- two patients were diagnosed with
MDS-MLD, accounting for the highest rate (36.67%), only one patient
was diagnosed with MDS- isolated 5q-, accounting for the lowest rate
(1.67%), other forms included MDS-SLD, MDS-EB1 and MDS-EB2. Ac-
cording to IPSS -R, the group of patients with very high risk accounts for
the highest proportion (33.33%), the group with very low risk accounts
for the lowest percentage (3.33%) (Table 1).

3.2. Chromosome analysis

Chromosome analysis and fluorescence in situ hybridization for del
(5q) was available in 60 patients and 25 patients (41.67%) had an
abnormal karyotype at the time of diagnosis, in which 18 patients with
complex karyotype (>3 chromosomal abnormality) represented the
highest percentage (30%) (Table 1).

The most frequent chromosomal abnormalities were +8 in 10/60
patients (16.7%), del (5q) in 9/60 patients (15%), -18 in 5/60 patients
(8.3%), but only one patient had isolated del(5q) and only one patient
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Table 2
Abnormal cytogenetic features in 25 primary MDS patients.
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Delete (21) Duplication (12) Loss chromosome (40)

Gain chromosome (82) Translocation (7) Others (19)

f f f f f f
del(5q) 9 duplq 1 2 2 1 4 t(1;7) 1 hyper 3
del(6q) 3 dup7p 1 3 1 2 3 t(1,8) 2 dic (3;9) 1
del(12p) 1 dup7q 1 4 1 3 3 t(1,9) 1 dic(12;18) 1
del(13p) 2 dupl0q 2 5 5 4 3 t(3;10) 1 i(5p) 1
del(14p) 2 dupl4q 2 6 1 5 4 t(6;12) 1 inv (3) 1
del(17p) 1 dupl7p 3 7 4 6 4 t(17;20) 1 der 9 1
del(18 q) 1 dupl7q 1 9 1 7 3 der 12 1
del(19 q) 1 dup20q 1 11 1 8 10 mar 10

del(20p) 1 12 1 9 3

13 1 10 3

14 1 11 5

15 3 12 3

18 5 13 3

19 1 14 3

20 1 15 2

21 4 16 3

22 4 17 3

Y 3 18 5

19 3

20 3

21 4

22 3

X 2

Note: Only one case of del(5q) was a isolated chromosomal abnormality, the remaining 8 case were complex karyotype.

Table 3
Cytogenetic profile with suptypes in 60 MDS patients.

Primary MDS types Abnormal karyotype Normal karyotype (n, P

(n,%) %)
MDS-SLD (n = 9) 1(11.1%) 8 (88.9%) 0.044
MDS- MLD (n = 22) 7 (31.8%) 15 (68.2%) 0.239
MDS-EB1 (n = 9) 7 (77.8%) 2 (22.2%) 0.027
MDS-EB2 (n = 19) 9 (47.3%) 10 (52.7%) 0.583
MDS-isolated 5q- (n 1 (100%) 0 (0%) 0.233
-1)
Table 4
The association between chromosomal abnormalities and MDS subgroups.
Primary MDS types MDS-EB MDS- non OR (95% CI) P
(n=28) EB(n=
32)
Abnormal karyotype (n) 16 9
Normal karyotype (n) 12 23 3.407 0.022
(1.164-9.976)
Complex karyotype (>3 12 6
chromosomal 3.25 0.042
abnormality) (1.018-10.379)
Non- Complex karyotype 16 26
(<3 chromosomal
abnormality)

Note: MDS-EB: MDS with excess blast include MDS-EB1 and MDS-EB2, MDS-non
EB: MDS without excess blast.

had trisomy 8 alone. Single chromosomal abnormalities were del (5q),
-Y. +8 (trisomy 8) and +11 found in 1/60 patients (1.67%) each
(Table 2).

Regarding MDS suptypes, the frequency of the abnormal karyotype
was lower than the frequency of the normal karyotype in MDS- SLD (p =
0.044) (Table 3).

Patients with abnormal karyotype had higher odds of being MDS-EB
(MDS with excess blast) compared to those with normal karyotype (OR
= 3.407, 95% CI = 1.164 — 9.976). Patients with complex karyotypes
had a higher probability of having MDS-EB compared to those without
complex karyotype (adjusted with OR = 3.25, 95% CI = 1.018 - 10.379)
(Table 4)

4. Discussion
4.1. Chromosome characteristics

Cytogenetic abnormalities were identified in 25/60 patients
(41.67%), which was comparable to that described in patients with
primary MDS from the studies of A. Rasid in Pakistan (42.3%), O.
Pozdnyakova in the USA (45%), Yasser Elnahass with Egyptian patients
(46%), R. Chaubey with Indian patients (47.5%), and Detlef Haase in
Germany and Austria (49.8%), but much lower than that found in
studies of A. Gmidene (51%) with Tunisian patients, L. Li with Chinese
patients (67.5%) [2,9,13-17].

Thirty % of our patients had complex cytogenetics which was higher
than reports from Yasser Elnahass with Egyptian patients (12%), Dellef
Haase in Germany and Austria (14.5%), A. Rasid in Pakistan (15.5%) [2,
9,13],

In our study, although the frequency of del(5q) met in 9 patients
accounted for 15%, only 1 patient had isolated 5q- which accounted for
1.67%, this rate was very low compared to other studies such as Detlef
Haase with German and Austria patients (61/595 patients with 10.2%),
Yasser Elnahass with Egyptien patients (14%), A. Gmidene (13%) with
Tunisian patients [2,9,16]. However, Matsuda et al., found that Japan
patients had a much lower frequency of del (5q) (3/102 patients) than
the German patients group (39/100 patients) [10]. L. Li et al. also
showed that the incidence of 5q- syndrome was only 0.3% in Chinese
patients with MDS [17]. It seems that the isolated del(5q) ratio in our
study is similar to that of the study of Japanese and Chinese patients, the
same ethnic groups in East Asia.

In our study, cytogenetic abnormalities related to prognosis such as
trisomy 8 alone, loss of Y alone were observed in only 1 patient, which
represented 1.67%. Trisomy 8 as a single chromosomal abnormality was
detected in only 2% of the study of Yasser Elnahass with Egyptien pa-
tients and 3% of the study of A. Gmidene in Tunisian patients, while it
was the most common single chromosomal abnormality in the study of
A. Rasid in Pakistan and in the study of L. Li with Chinese patients (9.9%
and 19.1%) [9,13,16,17]. Loss Y as a single chromosomal abnormality
was detected in only one patient in the study of Yasser Elnahass and A.
Gmidene, two patients in the study of A. Rasid [9,13,16].

Other important cytogenetic abnormalities, such as monosomy 7,
trisomy 13, trisomy 21, del (12p) were all encountered in combination
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with complex abnormality in our study.

4.2. The association between chromosomal abnormalities and MDS
subgroups according to WHO

In our study, chromosomal abnormalities were observed frequently
in MDS-EB (1 and 2). This result is similar to the studies by Yasser
Elnahass, O. Pozdnyakova [9,14]. Detlef Haase et al., also showed that
high-risk chromosomal abnormalities were more pronounced in MDS
with excess blast [2].

Our study also showed that patients with abnormal karyotype had a
higher probability of having MDS-EB (MDS with excess blast) (OR=
3.407, 95% CI=1.164 to 9.976). Similarly, patients with complex kar-
yotypes had a higher odds of being MDS-EB (OR= 3.25, 95% CI=1.018
to 10.379). Subgroup classifying as well as risk scoring in patients with
MDS are mainly concerned with an increased susceptibility to AML
transformation (acute myelogenous leukemia). However, patients with
MDS excessive blast are at risk of rapid transformation, which is similar
to patients with complex chromosomal abnormalities. It is possible that
the appearrance of complex chromosomal abnormalities is a motivator
of the occurrence and increase in blast in patients with MDS.

5. Conclusion

In our study, the complex karyotypes ((>3 chromosomal abnor-
mality) was the most frequent chromosomal abnormality. Furthemore,
our study reveals that patients with abnormal karyotype or complex
karyotype had higher odds of being MDS with excess blast. The isolated
del (5q) ratio is very low compared to Europe and North Africa, but
similar to China and Japan as they are the same countries in East Asia.

Informed consent and patient details

The study protocol was approved by the Ethical Committee in Hanoi
Medical University. Patient consent was waived by the committee as this
study was a retrospective observational study

This study does not include case details or other personal informa-
tion or images of patients and any other individuals in an Elsevier
publication.
Financial disclosure statement

No financial support was received for this study.

Data availability

Data can be obtained from the corresponding author upon request.

Declaration of Competing Interest

The authors declare that have no conflicts of interest.

Leukemia Research Reports 18 (2022) 100343

Acknowledgments

The authors thank all the technicians in the Genetics and Molecular
Biology Laboratory of the Center of Hematology and Blood Transfusion —
Bach Mai Hospital for their efforts in supporting research.

References

[1] Mohammad Faizan Zahid, Umair Arshad Malik, Momena Sohail, Irfan
Nazir Hassan, Sara Ali, Muhammad Hamza Saad Shaukat, Cytogenetic
abnormalities in myelodysplastic syndrome, Int. J. Hematol. Oncol. Stem Cell Res.
11 (3) (2017) 231-239. Jul 1.

[2] Detler Haase, Ulrich Germing, Julie Schanz, Michael Pfeilstocker,

Thomas Nosslinger, et al., New insights into the prognostic impact of the karyotype
in MDS and correlation with subtypes: evidence from a core dataset of 2124
patients, Blood 110 (13) (2007) 4385-4395. December 15.

[3] Gamal Abdul Hamid, Abdul Wahab Al-Nehmi, Safa Shukry, Diagnosis and
classification of myelodysplastic syndrome, Intechopen (2019), https://doi.org/
10.5772/intechopen.82532. January 30th.

[4] Peter Valent, Attilio Orazi, David P. Steensma, Benjamin L. Ebert, Detler Haase, et
al., Proposed minimal diagnostic criteria for myelodysplastic syndromes (MDS) and
potential pre- MDS conditions, Oncotarget 8 (43) (2017) 73483-73500. Sep 26.

[5] Peter L. Greenberg, Eval Attar, John M. Bennett, Clara D. Bloomfield, Carlos M.
De Castro, et al., Myelodysplastic syndromes. Clinical practice guidelines in
oncology, J. Natl. Compr. Canc. Netw. (7) (2013) 838-874. Jul; 11.

[6] Minh Hong, Guangsheng He, The 2016 revision to the World Health Organization
classification of myelodysplastic syndromes, J. Transl. Int. Med (3) (2017)
139-143. Sep; 5.

[7] P. Fenaux, A. Giagounidis, D. Selleslag, et al., A randomized phase 3 study of
lenalidomide versus placebo in RBC transfusion-dependent patients with Low-/
Intermediate-1-risk myelodysplastic syndromes with del5q, Blood 118 (14) (2011),
3765-76.8.

[8] A. List, G. Dewald, J. Bennett, et al., Lenalidomide in the myelodysplastic
syndrome with chromosome 5q deletion, N. Engl. J. Med 355 (14) (2006),
1456-65.9.

[9] Yasser Elnahass, Yousiff. Lamiaa, Cytogenetic features in primary myelodysplastic
syndrome Egyptian patients, J. Adv. Res. 10 (2018) 77-83. March.

[10] A. Matsuda, U. Germing, I. Jinnai, M. Misumi, A. Kuendgen, S. Knipp, et al.,
Difference in clinical features between Japanese and German patients with
refractory anemia in myelodysplastic syndromes, Blood 106 (8) (2005)
2633-2640.

[11] Mitelman F. ISCN 1995 guidelines for cancer cytogenetics supplement to: an
international system for human cytogenetic nomenclature (S. Karger, Basel).
Google Scholar.

[12] Ghulam J. Mufti, John M. Bennett, Jean Goasguen, Barbara J. Bain, Irith Baumann,
et al., Diagnosis and classification of myelodysplastic syndrome: international
working group on morphology of myelodysplastic syndrome (IWGM-MDS)
consensus proposals for the definition and enumeration of myeloblast and ring
sideroblast, Haematologica 93 (11) (2008), https://doi.org/10.3324/
haematol.13405.

[13] A. Rashid, M. Khurshid, U. Shaikh, S. Adil, Chromosomal abnormalities in primary
myelodysplastic syndrome, JCPSP 24 (9) (2014) 632-635.

[14] O. Pozdnyakova, P.M. Miron, G. Tang, O. Walter, A. Raza, B. Woda, et al.,
Cytogenetic abnormalities in a series of 1,029 patients with primary
myelodysplastic syndromes: a report from the US with a focus on some undefined
single chromosomal abnormalities, Cancer 113 (12) (2008) 3331-3340. Dec.

[15] R. Chaubey, S. Sazawal, R. Dada, M. Mahapatra, R. Saxena, Cytogenetic profile of
Indian patients with de novo myelodysplastic syndromes, Indian J. Med. Res. 134
(4) (2011) 452-457.

[16] A. Gmidene, H. Sennana, P. Fenaux, A. Laatiri, M. Zarrouk, H. Bouaziz, et al.,
Cytogenetic abnormalities in Tunisian de novo myelodysplastic syndrome: a
comparison with other populations, Leuk. Res 32 (12) (2008) 1824-1829. June.

[17] L.Li, X.P. Liu, L. Nie, M. Yu, Y. Zhang, T. Qin, et al., Unique cytogenetic features of
primary myelodysplastic syndromes in Chinese patients, Leuk. Res. 33 (9) (2009)
1194-1198. Jan.


http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0001
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0001
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0001
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0001
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0002
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0002
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0002
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0002
https://doi.org/10.5772/intechopen.82532
https://doi.org/10.5772/intechopen.82532
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0004
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0004
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0004
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0005
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0005
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0005
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0006
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0006
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0006
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0007
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0007
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0007
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0007
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0008
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0008
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0008
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0009
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0009
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0010
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0010
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0010
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0010
https://doi.org/10.3324/haematol.13405
https://doi.org/10.3324/haematol.13405
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0013
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0013
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0014
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0014
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0014
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0014
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0015
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0015
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0015
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0016
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0016
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0016
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0017
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0017
http://refhub.elsevier.com/S2213-0489(22)00055-3/sbref0017

	Cytogenetic characteristics in Vietnamese patients diagnosed with primary myelodysplastic syndromes
	1 Introduction
	2 Patient and methods
	2.1 Patients
	2.2 Conventional cytogenetic analysis and fluorescence in situ hybridization
	2.3 Definitions
	2.4 Statistical analysis

	3 Results
	3.1 Clinical data
	3.2 Chromosome analysis

	4 Discussion
	4.1 Chromosome characteristics
	4.2 The association between chromosomal abnormalities and MDS subgroups according to WHO

	5 Conclusion
	Informed consent and patient details
	Financial disclosure statement
	Data availability
	Declaration of Competing Interest
	Acknowledgments
	References


