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Abstract. Background: Pediatric myelodysplastic syndrome (pMDS) is a group of rare clonal 
neoplasms with a difficult diagnosis and risk of progression to acute myeloid leukemia (AML). 
The early stratification in risk groups is essential to choose the treatment and indication for 
allogeneic hematopoietic stem cell transplantation (HSCT). According to the Revised 
International Prognostic Scoring System, cytogenetic analysis has demonstrated an essential role 
in diagnosis and prognosis. In pMDS, abnormal karyotypes are present in 30-50% of the cases.  
Monosomy 7 is the most common chromosomal alteration associated with poor prognosis. 
However, the rarity of specific cytogenetic alterations makes its prognosis uncertain. Thus, this 
study aimed to describe uncommon cytogenetic alterations in a cohort of 200 pMDS patients and 
their association with evolution to AML.  
Methods: The cytogenetic analysis was performed in 200 pMDS patients by G-banding and 
fluorescence in situ hybridization between 2000 to 2022.  
Results: Rare chromosome alterations were observed in 7.5% (15/200) of the cases. These 
chromosome alterations were divided into four cytogenetic groups: hyperdiploidy, biclonal 
chromosomal alterations, translocations, and uncommon deletions representing 33.3%, 33.3%, 
20%, and 13.3%, respectively. Most of these patients (10/15) were classified with advanced MDS 
(MDS-EB and MDS/AML) and the initial subtype was present in five patients (RCC). The 
leukemic evolution was observed in 66.66% (10/15) of the patients. Most patients had poor clinical 
outcomes and they were indicated for HSCT.   
Conclusion: The study of uncommon cytogenetic alterations in pMDS is important to improve the 
prognosis and guide early indication of HSCT. 
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Introduction. In recent years, significant advances in 
understanding myelodysplastic syndrome (MDS) 
pathology allowed a new classification.1 MDS is a 
heterogeneous group of clonal stem cell diseases with a 
risk of evolution to acute myeloid leukemia (AML). 
Pediatric MDS (pMDS) is a rare disease with a difficult 
diagnosis and variable clinical course, and it is 
biologically distinct from adult MDS.2 The Revised 
International Prognostic Scoring System (IPSS-R) has 
been used to stratify risk groups in pMDS. Thus, the 
cytogenetic analysis for these patients is essential since 
the karyotypic pattern is one of the pillars of IPSS-R.3  

The incidence of cytogenetic alterations in pMDS 
ranges from 30 to 50%, being more frequent in advanced 
subtypes such as pMDS with excess blasts, MDS-EB (5-
19% of blasts), and MDS/AML (20-29% of blasts). The 
most frequent cytogenetic alteration in pMDS is 
monosomy 7 (-7), which is associated with a poor 
prognosis, followed by trisomy 8 (+8), and trisomy 21 
(+21) which have an intermediate prognosis and 
complex karyotypes with very poor prognosis.3,4 Rare 
chromosomal alterations such as del(13q), -21, +11, +13, 
+14, +14q, and 11q23 translocations were described in 
adult patients with MDS. These chromosomal alterations 
do not have their real prognosis determined due to the 
low number of cases described.5,6 So, these uncommon 
chromosomal alterations are classified mainly as an 
intermediate cytogenetic risk group according to the 
IPSS-R.3  

The importance of refining the cytogenetic 
classification to determine the prognostic significance of 
rare chromosomal abnormalities has been pointed out in 
other diseases such as AML.7 Since the cytogenetic 
findings were the first diagnostic tool to stratify patients 
and their prognosis, accurate stratification is essential to 
choose the therapy and to indicate the hematopoietic 
stem cell transplantation (HSCT), which is the only 
curative treatment for MDS patients. 8,9 Nevertheless, to 
the best of our knowledge, studies focusing on the 
frequency of uncommon chromosomal alterations have 
not been previously performed in pMDS. Thus, the aim 
of this study was to analyze the frequency of specific 
uncommon chromosomal abnormalities in pMDS and 
their associations with the clinical features, evolution 
from MDS to AML, and prognostic significance. 

 
Methods 
Patients. Cytogenetic and clinical studies were 
performed on 200 pediatric patients with MDS between 
2000 and 2022. Patients were diagnosed at Instituto 
Nacional de Câncer, Instituto de Puericultura e Pediatria 
Martagão Gesteira, and Hospital Universitário Oswaldo 

Cruz. Uncommon chromosome alterations were present 
in 15 patients. These patients were distributed according 
to sex as nine females and six males. The mean age 
among these patients was five years old (ranging from 1 
to 18 years). Most of the patients had pancytopenia with 
hypocellular bone marrow (BM) showing dysplastic 
hematopoietic precursors and increased blasts. None of 
these patients was previously treated for malignancy nor 
had a previous diagnosis of genetic syndromes. The 
diagnosis and classification were done according to the 
criteria proposed by the International Consensus 
Classification of Myeloid Neoplasms and Acute 
Leukemias1. The pediatric MDS patients were classified 
as refractory cytopenia of childhood, RCC (5 patients), 
MDS-EB (6 patients), and MDS/AML (4 patients). 

 
Conventional and Molecular Cytogenetic Analyses. The 
cytogenetic analysis from bone marrow cells was 
performed by G-banding as previously described by De 
Souza et al., 2014.10 Chromosomes were identified and 
arranged according to the International System for 
Cytogenomic Nomenclature, 2020.11 Fluorescence in 
situ hybridization (FISH) analyses were done to confirm 
the chromosome alterations using the following probes: 
D7S486 spectrum orange/CEP7 spectrum Green, LSI 
MLL dual-color break-apart rearrangement probe, LSI 
p53 spectrum orange, LSI EGR1 Spectrum Orange/ LSI 
D5S23, D5S721 Spectrum Green, LSI PML Spectrum 
Orange/ LSI RARA Spectrum Green and LSI RUNX1T1 
Spectrum Orange Probe/ RUNX1 Spectrum Green Probe. 
The probes were from Vysis, Abbott Laboratories, USA. 
The slides preparation was done according to 
manufacturer protocols. 

 
Results. Uncommon chromosome alterations were 
observed in 15 patients (7.5%) from 200 pMDS cases 
analyzed cytogenetically. These chromosome alterations 
were divided into four cytogenetic groups: hyperdiploidy, 
uncommon deletions, biclonal chromosomal alterations, 
and translocations, which represented 33.3% (5/15), 
13.3% (2/15), 33.3% (5/15), and 20% (3/15), 
respectively. Of these patients, ten had disease 
progression before HSCT, among them one received the 
HSCT and nine patients died during disease evolution. 
Concerning the five patients who did not show disease 
evolution, four underwent HSCT. Nowadays, only three 
patients are still alive after HSCT. There is also a patient 
who remains stable in the clinical course of MDS (Table 
1). 

The hyperdiploid karyotype represented 2.5% of all 
cases (5/200). Hyperdiploidy was subdivided into two 
subgroups: patients who only had chromosome gains  

http://www.mjhid.org/
mailto:teresafernandez@inca.gov.br


 
  www.mjhid.org Mediterr J Hematol Infect Dis 2024; 16; e2024003                                                         Pag. 3 / 7 

 

Table 1. Pediatric MDS patients with uncommon cytogenetic alterations. 

Nº  Sex Age 
(years) Subtype Karyotype Cellularity Blasts 

(%) Cytopenias Evolution 
to AML HSCT 

1 F 4 MDS/AML  49,XX,dup(1)(q21q32),+6,+8,+mar 
[4]/46,XX[16] hypocellular 23% pancytopenia Yes No/ died 

2# F 16 RCC 51,XX,+4,+6,+8,+14,+20[3]/46,XX[41] hypocellular 3% pancytopenia No Yes/ 
alive 

3 F 6 MDS-EB 
58,XX,+X,+3,+5,+6,+8,+10,+11,+12,+13, 

+18,+20,+21[5]/58,XX,idem,dup(1) 
(q21q31)[14]/46,XX[21] 

hypocellular 16% pancytopenia Yes  No/ died 

4 M 5 MDS-EB 52,XY,+6,+8,+14,+16,+19,+22[3]/ 
46,XY[19] hypocellular 5.8% pancytopenia Yes  No/ died 

5 M 3 MDS-EB 
49,XY,del(3)(q21), 

del(6)(q21),+der(6)del(6)(q21),+8, 
+der(12)del(12)(p11)[21] 

hypocellular 16% bicytopenia Yes  Yes/died 

6 M 1 RCC 45,XY,-7 [15]/46,XY,del(7)(q22q32)[5] hypocellular 2% pancytopenia No Yes/died 

7# M 13 RCC 
46,XY,del(17)(p12)[9]/46,XY, 

del(17)(p12), del(12)(p13)[5]/46,XY, 
del(11)(q23)[3]/46,XY[34] 

hypocellular 1% pancytopenia No Yes/ 
alive 

8 F 12 MDS-EB 47,XX,+8[4]/47,XX,+21[3]/46,XX[13] hypocellular 10% bicytopenia No No 

9 M 5 MDS/AML  48,XY,+X,+8[6]/46,XY,add(7)(p22)[9]/ 
46,XY[9] hypocellular 25% bicytopenia Yes  No/ died 

10 F 4 MDS-EB 47,XX,+21[5]/47,XX,+8[3]/46,XX[20] normocelular 15% pancytopenia Yes  No/died 

11 M 5 MDS/AML  46,XY,t(5;8)(q32;q22)[23]/46,XY[8] hypocellular 28% pancytopenia Yes  No/ died 

12 F 2 MDS/AML  46,XX,t(4;7)(p16;p15)[6]/46,XX[23] hypocellular 24% bicytopenia Yes  No/ died 

13 F 12 MDS-EB 46,XX,der(2)t(2;15)(q37;q21)[25] normocelular 16% bicytopenia Yes  No/ died 

14# F 11 RCC 46,XX,del(5)(q15q35)[15]/46,XX[28 ] hypocellular  3% pancytopenia  No Yes/ 
alive 

15 F 18 RCC 46,XX, del(5)(q12q33), 
del(13)(q14q12)[17]/46,XX[3] normocelular 4.5% pancytopenia Yes  No/ died 

* Refractory cytopenia of childhood, RCC; Myelodysplastic syndrome with excess of blasts, MDS-EB; Myelodysplastic syndrome/Acute 
myeloid leukemia, MDS/AML. # These patients were previously reported in the literature by our group.4,17,22 
 
(3/5) (Figure 1A) and patients who also had structural 
alteration (2/5). The structural alterations associated with 
hyperdiploid karyotype were: dup(1q); 
der(6)del(6)(q21); der(12)del(12)(p11). Most of these 
patients had advanced subtypes with severe 
pancytopenia and hypocellular BM. Three patients had 
MDS-EB, one MDS/AML, and one with RCC. All these 
patients were indicated for HSCT, but four had evolution 
to AML and three died before the HSCT. Only two 
patients actually underwent HSCT, the patient with RCC 
responded well to HSCT and is still alive. The patient 
with hyperdiploid and structural alteration presented 
post-HSCT cytogenetic and clinical relapse and died.  

Deletions of the long arm of chromosome 5 were 
observed in two patients, one of them had also del(13q) 
(Figure 1B). Both patients had pancytopenia and low 
blast count, being classified as RCC and both were 
indicated for HSCT. Nevertheless, only one received 
HSCT and this patient is still alive. The other patient did 
not have a compatible donor and was treated with 
azacytidine, but unfortunately died.  

Biclonal karyotype was present in five patients, 
representing 2.5% of all cases (5/200). In two patients, 
independent clones, one with +8 and another with +21, 

were observed. Alterations involving chromosome 7 
were present in two patients: one patient with a -7 clone 
and with a del(7q) clone (Figure 1 C-E). The second 
patient had an add(7p) clone and +X and +8 clone. The 
other patient had one clone with del(11)(q23) and 
another clone with del(17)(p12), which evolved by 
acquiring a second alteration generating a subclone 
del(17)(p12), del(12)(p13). Of patients with biclonal 
chromosomal alterations, two had RCC, two had MDS-
EB, and the other had MDS/AML. All patients had 
severe pancytopenia and BM dysplasias. Four patients 
were indicated for HSCT. However, two had disease 
progression before HSCT and died. The follow-up post-
HSCT showed disease relapse in one patient who 
evolved to death, and the other patient is alive without 
disease. The two patients with +8 and +21 are still 
waiting for HSCT. 

Chromosomal translocations were identified in three 
patients, representing 1.5% of all cases (3/200). Two 
patients with MDS/AML had balanced translocations, 
t(4;7)(p16;p15) and t(5;8)(q32;q22). The t(4;7)(p16;p15) 
patient had pancytopenia whereas the t(5;8)(q32;q22) 
patient had bicytopenia. In our study, unbalanced 
translocation, der(2)t(2;15)(q37;q21), was also observed  
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FIGURE 1: Conventional and molecular cytogenetics of uncommon chromosomal alterations in pMDS patients. (A) Hyperdiploid karyotype; 
(B) Deletion of the long arm of chromosome 5 and deletion of the long arm of chromosome 13; Biclonal alteration: (C) Clone showing 
monosomy of chromosome 7, (D) Clone showing deletion of the long arm of chromosome 7 and (E) FISH using the D7S486 spectrum 
orange/CEP7 spectrum green probe identifying the two altered clones. The yellow arrow points to nuclei with a deletion of the long arm of 
chromosome monosomy 7 and the white arrow indicates a nucleus with monosomy of 7 ; (F) Unbalanced translocation between chromosomes 
2 and 5 (G) FISH analysis of metaphase using the LSI PML/RARA Dual Color Single Fusion Probe that hybridizes with chromosome 15q22-
24 (PML SpectrumOrange) and chromosome 17q21 (RARA SpectrumGreen ) showing two signals in chromosome 15 and one signal of 
chromosome 15 translocated to chromosome 2 and two green signals for chromosome 17. 
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in one patient with MDS-EB and normal cellularity. This 
patient also had three copies of chromosome 15, two 
normal and one translocated to chromosome 2 (Figure 1 
F, G). All patients had a progression to AML and died 
before the HSCT.  

 
Discussion. Pediatric MDS is characterized 
cytogenetically by clones containing alterations that 
involve mainly chromosomal partial losses (deletions) or 
chromosomal total losses (monosomies). These MDS 
cytogenetic patterns suggest that this disease is 
associated mainly with the inactivation or loss of tumor 
suppressor genes. 5,10  

Pediatric patients with acute lymphoblastic leukemia 
(ALL) present hyperdyploidy as a frequent cytogenetic 
abnormality.12,13 Hyperdiploidy can be divided into two 
main subtypes: high hyperdiploidy (51-65 
chromosomes) associated with favorable prognosis, and 
low hyperdiploidy (47-50 chromosomes) related with 
unfavorable prognosis.12,13 In MDS, the hyperdiploid 
karyotype is rare. However, patients with MDS may have 
complex karyotypes, with three or more chromosomal 
alterations, and are classified as very poor prognosis 
according to the IPSS-R.3 So, it is important to note the 
presence of hyperdiploidy in these cases. 

Previously, our group reported the first case of high 
hyperdiploid karyotype in pMDS.14 In this study, we 
describe more four cases of hyperdiploid karyotype. 
However, these patients showed low hyperdiploidy. 
Three patients presented structural alterations such as 
deletions and duplications, which is uncommon in 
hyperdiploid karyotypes.13 The hyperdiploid was 
observed in the initial subtype and advanced subtypes. 
However, the HSCT was successful only in the initial 
subtype, highlighting the importance of an early 
diagnosis and indication for this treatment.  

The most frequent cytogenetic alterations in adult 
MDS is del(5q), which is associated generally with a 
favorable prognosis and defines a unique MDS sub-
category.1,15 Nevertheless, del(5q) is extremely rare in 
children, and it seems to be associated with poor 
outcomes.16 In our study, the del(5q) was observed 
isolated, as previously published 17 and with del(13q). 
Both patients were indicated for HSCT. The patient with 
del(5q) as sole chromosomal abnormality had a good 
outcome post-transplant. Nevertheless, the other patient 
did not have a compatible donor. This patient was treated 
with azacytidine but showed disease evolution and died. 
Although it has been demonstrated that azacitidine is an 
efficient and safe MDS therapy for adult patients, data 
for this treatment in children is still lacking. In children, 
there is no established treatment to prevent or delay 
progression to leukemia before HSCT. However, some 
studies have shown that azacitidine is effective in some 
children with MDS and appears to be a non-toxic option 
in palliative situations to prolong survival. 18,19 

Another uncommon finding in our study was 
unrelated clones, also known as biclonal chromosomal 
alterations, detected in one sample simultaneously by G-
banding analysis. There are different hypotheses about 
the mechanisms that lead to these alterations. However, 
the actual mechanism is still unknown. Some authors 
believe those unrelated clones have the same founding 
molecular mutation and acquire different alterations over 
evolution, thus giving rise to unrelated cytogenetic 
clones.20-23 Nevertheless, nowadays there are molecular 
models of MDS development showing that distinct stem 
cells had different genetic variants at the same time.1  

In adult patients, biclonal chromosomal alterations 
are also categorized as rare chromosomal abnormalities, 
representing 4.3-6.7% of the cases and being associated 
with disease relapse. These studies showed that the most 
recurrent chromosome alterations in unrelated clones 
were del(5q), +8, del(20q), del(7q), +11, +21, and 
-22.20,21 Previously, our group reported the first case of 
biclonal chromosomal alteration in a pMDS.22 The 
present study observed a frequency of biclonal 
chromosomal abnormalities of 2.5% (5/200), involving 
+8 and +21 as the most recurrent alterations. The 
leukemic evolution was observed in two patients (2/5), 
but it is important to note that the others were treated 
with HSCT. Furthermore, two patients after HSCT had 
cytogenetic relapse and death, showing how difficult it is 
to treat patients with such chromosomal instability. 

In pMDS, chromosomal translocations are 
uncommon findings and associated with unfavorable 
prognosis.24 In this study, two patients had balanced 
chromosomal translocation: t(5;8)(q32;q22), 
t(4;7)(p16;p15), and one patient showed unbalanced 
translocation der(2)t(2;15)(q37;q21). These alterations 
were not previously reported in hematological neoplasm 
according to the Atlas of Genetics and Cytogenetics in 
Oncology and Haematology, 2022.15 The patients with 
balanced and unbalanced translocations were diagnosed 
with MDS/AML, showed disease progression to AML 
and died. The unfavorable outcome of our patients 
suggests that the chromosomal translocations are 
associated with an adverse prognosis.  

Chromosomal abnormalities play an essential role in 
the diagnosis and prognosis of patients with MDS, but 
approximately 50% of patients have a normal karyotype 
observed by G-banding analysis. In these cases, 
complementary molecular methodologies may provide 
relevant prognostic information, such as the analysis 
using next-generation sequencing (NGS).25 
Identification of genetic variants through the NGS opens 
new opportunities to characterize the genomic 
architecture of patients with MDS and contributes to the 
establishment of prognostic biomarkers.25-28 In this sense, 
it was developed the Molecular-IPSS for adult patients, 
which integrates the cytogenetic, molecular, and 
hematological features.28 In our study, although the focus 

http://www.mjhid.org/


 
  www.mjhid.org Mediterr J Hematol Infect Dis 2024; 16; e2024003                                                         Pag. 6 / 7 

 

was on cytogenetics, the analysis using NGS with a 
customized panel could provide complementary 
information associated with the prognosis reinforcing 
our findings. However, due to the high cost of NGS tests, 
these are not yet a reality globally used, mainly in 
developing countries. So, cytogenetics continues to play 
an important role for patients with hematologic 
malignancies, mainly for pMDS where yet little is known 
about the predictive value for molecular alterations due 
to the rarity of this disease. Since this study was the first 
with a large cohort of patients with pMDS focusing on 
rare chromosomal alterations and their impact on 
prognosis, it is necessary to confirm our results in other 
cohorts to provide a better understanding and to 
determine the true prognostic value of these uncommon 
chromosomal alterations in pMDS. 

 
Conclusions. In summary, in our study, the uncommon 
chromosomal alterations in pMDS were associated with 
unfavorable prognosis. The study of uncommon 
cytogenetic alterations in pMDS is extremely important 
to contribute to the stratification of cytogenetic risk 
groups and early indication of HSCT.  
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