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Abstract
Background Pediatric myelodysplastic syndromes (MDS) are rare disorders with an unrevealed pathogenesis. Our 
aim is to explore the role of genetic factors in the pathogenesis of MDS in children with different outcomes and to 
discover the correlation between genetic features and clinical outcomes as well as disease characteristics.

Methods We conducted an analysis of archived genetic data from 26 patients diagnosed with pediatric MDS at our 
institution between 2015 and 2021, examining the association between different genetic characteristics and clinical 
manifestations as well as prognosis. Additionally, We presented three cases with distinct genetic background and 
outcomes as examples to elaborate the role of genetic factors in pediatric MDS with different prognoses.

Results Genetic variations were detected in 13 out of the 26 patients, including 8 patients with co-occurrence of 
somatic and germline mutations (CSGMs) and 5 patients with somatic mutations alone. Our analysis revealed that 
advanced MDS (4/8, 50% vs. 1/5, 20% and 4/11, 36.4%), PD (3/8, 37.5% vs. 1/5, 20% and 1/11 9.1%), and TD (6/8, 75% 
vs. 2/5, 40% and 2/11, 18.2%) were more common in patients with CSGMs than those with somatic mutations alone 
or without any mutations. We also found out in our study that 8 patients with CSGMs had evidently different clinical 
outcomes, and we presented 3 of them as examples for elaboration. Case 1 with germline and somatic mutations 
of unknown significance had a relatively slow disease course and a good prognosis. Case 2 with compound 
heterozygous germline SBDS variants and somatic mutations like del20q had a stable disease course and a reversed 
outcome. Case 3 with a germline GATA2 variant and somatic mutations including − 7 had a rapidly progressive 
disease course and a worst prognosis.

Conclusion Our findings indicate that genetic background of pediatric MDS is closely linked with disease 
characteristics as well as outcomes and that CSGMs may lead to disease progression. It should be emphasized that 
the interaction between certain germline variants and somatic mutations, such as SBDS and del20q, may result in 
hematopoietic stem cell adaptation (improved hematopoiesis) and reversed clinical outcomes, which can facilitate 
the development of targeted therapy.
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Background
Myelodysplastic syndromes (MDS) are a heterogeneous 
group of clonal hematopoietic disorders characterized by 
peripheral cytopenia, ineffective hematopoiesis, morpho-
logic dysplasia, and an increased risk of progression into 
acute myeloid leukemia (AML) [1]. MDS mostly occurs 
in adults older than 70 years and is rare in children. Fur-
thermore, pediatric and adult MDS vary considerably 
in terms of morphological features, genetic alterations, 
pathophysiology and therapeutic goals. In children, MDS 
is often associated with inherited bone marrow failure 
syndromes (IBMFs), genetic predisposition syndromes, 
and previous exposures to cytotoxic agents [2–4]. The 
role of germline genetic predisposition in children with 
MDS has received increasing attention with the appli-
cation of gene sequencing technologies in clinical prac-
tice. Germline syndromes caused by variants in GATA2, 
ETV6, RUNX1, SAMD9/SAMD9-L and SRP72 have 
been reported susceptible to MDS [3–5]. However, the 
mechanisms underlying how germline predisposition 
leads to MDS are not completely understood and may be 
may involve acquired somatic mutations under a germ-
line genetic background [6, 7]. In addition, adult genetic 
studies of MDS have shown that molecular alterations 
are closely associated with clinical outcomes and disease 
characteristics [8, 9].

However, the impact of these molecular alterations on 
clinical features and prognosis of pediatric MDS remains 
a mystery. Thus, we conducted a study to summarize the 
genetic data of 26 pediatric MDS patients diagnosed at 
our institution between 2015 and 2021. We presented 
three cases of them with different outcomes as examples 
for elaborating the possible role of genetic factors in 
pediatric MDS pathogenesis and the correlation between 
genetic features and disease characteristics as well as 
outcomes.

Method
Patients and samples collection
Twenty-six patients who were diagnosed with pediat-
ric MDS with available genetic data at our institution 
between 2015 and 2021 were enrolled. The diagnosis and 
classification of MDS followed the latest WHO pediatric 
classification system [10]. Clinical specimens, including 
bone marrow (BM) as the source for somatic DNA and 
saliva as the source for germline DNA, were collected 
upon confirmation of disease diagnosis. The sample 
were promptly sent to Kindstar Global Medical Labora-
tory (Wuhan, China) for further analysis within 12 h of 
collection.

Observed items
We mainly observed the changes in peripheral blood 
cell counts, transfusion status, infection status, BM 
morphology and blast cell percentage, disease progres-
sion and survival in pediatric patients during the disease 
course. Disease manifestations consist of transfusion-
dependency (TD) and transfusion independency (TID). 
According to the International Working Group (IWG) 
response criteria [11], we define disease evolution as 
hematological improvement (HI), stable disease (SD), or 
disease progression (PD). HI contains complete remis-
sion (CR) and partial response (PR). PD includes TD 
for platelet (PLT) or red blood cell (RBC), reduction in 
hemoglobin by 20 g/L, severe neutropenia (<0.5 × 109/L), 
and increased BM blasts from baseline (less than 5% 
blasts: ≥50% increase in blasts to > 5% blasts; 5–10% 
blasts: ≥50% increase to > 10% blasts; 10–20% blasts: 
≥50% increase to > 20% blasts; 20–30% blasts: ≥50% 
increase to > 30% blasts). SD refers to no HI and no PD. 
Clinical outcomes include survival and death [12, 13].

Genetic testing techniques
A total of 22 patients were evaluated by gene panel 
sequencing and 4 patients by whole exome sequenc-
ing (WES). Gene panel sequencing contained 67 genes 
selected on the basis of their known or suspected 
involvement in the pathogenesis of myeloid cancers.
(Supplemental Table 1). Genomic DNA (gDNA) was 
extracted using the QIAamp DNA Blood Mini Kit 
according to the manufacturer’s instructions. DNA was 
sheared on the Covaris focused ultrasonicator. All librar-
ies were prepared using the KAPA HTP Library Prepa-
ration Kit according to the manufacturer’s instructions. 
Fragmented DNA was repaired, 3’ dA-tailed, ligated with 
Illumina adapters, size selected, amplified, and assessed 
using the Agilent 2100 Bioanalyzer. The libraries were 
then subjected to sequencing on an Illumina NextSeq 
550 instrument.

For WES, extracted gDNA samples were interrupted 
using a covaris M220 sonicator. The DNA libraries were 
then prepared following manufacturer’s instructions 
with the SureSelectXT Human All Exon V6 Reagent Kit. 
Quality control was performed using the Agilent Bio-
analyzer 2100 and the High Sensitivity DNA Analysis Kit 
before performing 150-bp paired-end sequencing on an 
Illumina NovaSeq 6000 Sequencer. The raw data were 
converted from bcl files to fastq format files by Illumina 
CASAVA1.8. The reads were compared to the GRCh37/
hg19 human genome reference using BWA, samtools, 
picard, and GATK to remove repeated sequences and 
identify genetic variants. All identified variants were 
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evaluated by browsing through databases, including 
NCBI dbSNP, OMIM, HGMD and NCBI ClinVar.

Results
Clinical patient characteristics
A total of 26 patients with documented genetic data 
were included in this study, comprising 16 males (61.5%) 
and 10 females (38.5%). The median age at the onset of 
hematologic abnormalities was 5.87 years (ranging from 
0.25 to 13 years) Pancytopenia was the predominant pre-
sentation in the majority of patients (50%), with median 
peripheral hemoglobin (Hb) levels, platelet counts 
(PLTs), and absolute neutrophil counts (ANC) of 78 (44–
125 g/l), 54 (10–263 × 109/l), and 1.41 (0.13–5.08 × 109/l), 
respectively. Among the 26 patients, 16 had refractory 
cytopenia of childhood (RCC), and 10 had advanced 
MDS (including RAEB and RAEB-t). Cytogenetic abnor-
malities were observed in 9 out of the 26 patients (34.6%), 
with monosomy 7 being the most common aberration. 
Detailed information is given in Table 1.

Clinical characteristics and outcomes
Of the 26 patients (4 using WES and 22 using targeted 
sequencing of 67 genes), 13 (50%) had genetic mutations, 
involving a total of 23 genes (Fig.  1). Germline valida-
tion confirmed the presence of germline mutations in 
6 patients, including 1 with a compound heterozygous 
SBDS pathogenic variant, 2 with a GATA2 pathogenic 
variant, and 3 with germline mutations of undetermined 
significance (gVUS). Somatic mutations were detected 
in 12 patients, mainly involving transcription factors 

(GATA2, RUNX1), epigenetic modifications (BCOR, 
ASXL1, SETBP1), signaling transduction (PTPN11, NF1, 
NRAS), cohesion (RAD21), and other driver mutations 
(NPM1) (Fig.  2). Further analysis revealed that germ-
line pathogenic variants (2/3 in advanced MDS and 1/4 
in RCC) and MDS-related somatic mutations (6/6 in 
advanced MDS and 9/17 in RCC) were more prevalent 
in the advanced MDS group, and mutations of undeter-
mined significance were mostly found in RCC (Fig. 3).

Genetic characteristics and clinical outcomes
Of the 13 patients mentioned above, 8 patients had 
CSGMs and 5 patients contained somatic mutations only 
(cytogenetic abnormalities were further germline vali-
dated) (Table 2). Our results showed that advanced MDS 
(4/8, 50% vs. 1/5, 20% and 4/11, 36.4%), PD (3/8, 37.5% 
vs. 1/5, 20% and 1/11 9.1%) and TD (6/8, 75% vs. 2/5, 
40% and 2/11, 18.2%) were more prevalent in patients 
with CSGMs than those with somatic mutations alone or 
without any mutations (Table 3). Of the 8 patients with 
CSGMs, 4 had RCC and the other 4 had advanced MDS. 
In 4 RCC patients with CSGMs, the somatic mutations 
were mostly of unknown significance, and the germline 
variants included 1 SBDS pathogenic variant, 1 mono-
somy 7, and 2 gVUS. Among these 4 patients, 2 had TD 
and 2 had TID. One of the TD cases (N3) adopted a watch 
and wait strategy due to HI, while the other TD case (N6) 
underwent allogeneic hematopoietic stem cell transplan-
tation (HSCT). One of the TID cases (N2) performed 
HSCT for PD, and the other TID patient (N4) adopted 
a watch and wait strategy. All these 4 patients survived. 
Among the 4 advanced MDS patients with CSGMs, the 
somatic mutations were associated with MDS, and 2 of 
the germline variants were GATA2 pathogenic mutation, 
1 was monosomy 7, and 1 was gVUS. All these 4 patients 
were TD, 1 patient with a germline GATA2 variant (N12) 
did not accept HSCT and died of PD. The remaining 3 
patients received HSCT and 2 of them remained in CR, 
while the other patient with the germline GATA2 muta-
tion (N10) died from severe post-transplantation infec-
tions (Table 2).

Detailed cases analysis
Case 1 (N2) was a 5-year-old girl who came to our hos-
pital because of pancytopenia lasting for 3 months. 
Blood cell counts showed ANC of 0.68 × 109/L, PLTs 
of 23 × 109/L, and Hb levels of 10.1  g/dL. Initially, the 
diagnosis was unclear due to the lack of typical mor-
phological and cytogenetic abnormalities. Regular BM 
aspiration was performed after a 2-year follow-up, 
revealing a hypocellular BM with granulocytic and ery-
throid dysplasia, leading to the diagnosis of RCC. With an 
ANC>0.5 × 109/L and an unsupported PLT or red blood 
cells (RBC), a watch-and-wait strategy was used. After 

Table 1 Clinical characteristics of 26 patients
Characteristic Value
Sex, no./total (%)
 Male 16 (61.5%)
 Female 10 (38.5%)
Age at diagnosis, [years, median (range)] 5.87 (0.25−13)
Diagnosis, no./total (%)
 RCC 16 (61.5%)
 Advanced MDS 10 (38.5%)
Hematological characteristics
 Cytopenia, 1 lineage,no./total (%) 3 (11.5%)
 Cytopenias, 2 lineages, no./total (%) 10 (38.5%)
 Pancytopenia, no./total (%) 13 (50%)
 Hb level,median (range), < 100 g/l 78 (44–125)
 PLT count,median (range), < 100 × 109/L 54 (10–263)
 NE count, median (range), < 1.5 × 109/L 1.41 (0.13–5.08)
Abnormal karyotype, no./total (%) 9 (34.6%)
 Monosomy 7 5 (19.2)
 Complex karyotype 1 (3.9%)
 Other 3 (11.5%)
Gene mutation 13(50%)
Abbreviations: RCC, refractory cytopenia of childhood; Hb, hemoglobin; PLT, 
Platelet; NE, Neutrophil
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4.5 years of follow-up, the child became TD for PLTs and 
the result of a repeat BM aspirate was consistent with 
RCC. WES detected germline NUP98 and HSP90AA1 
variants of unknown significance, as well as a somatic 
TRAF2 mutation. A search for a suitable unrelated donor 
(UD) was then initiated due to the lack of an HLA-iden-
tical sibling. While awaiting a suitable UD, the child was 
treated with cyclosporine A (CsA), but the hematologi-
cal parameters did not improve significantly. Fortunately, 
HSCT was performed immediately after a matched UD 

(in 9/10 HLA loci) was found. Two years after the HSCT, 
the child is still alive and in CR of her disease.

Case 2 (N3) involved a 10-year-old girl who was admit-
ted to our hospital with intermittent fever and cough 
for 5 days. Her mother was previously diagnosed with 
depression. Physical examination showed evident growth 
retardation (weight 28  kg, height 110  cm; height < 3rd 
percentile for age). Routine blood tests revealed ANC 
at 1.4 × 109/L, PLTs at 54 × 109 /L and Hb at 8.0 g/dl. BM 
aspirate indicated a hypercellular BM with mild hema-
topoietic abnormalities, and cytogenetic analysis of the 

Fig. 1 Overall mutational spectrum. Depicts the subtypes, mutation types and karyotypes (corresponding color coding as depicted in the legend) in all 
patients. RCC, Refractory cytopenia in children; MDS-EB, MDS with excess of blast; -7, monosomy 7; -20q, del20q; -Y, delY
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Fig. 3 Comparision of gene mutations types in different subtypes of MDS

 

Fig. 2 Analysis of gene mutations in 13 MDS patient
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marrow cells suggested del20q in 18 metaphases analyzed 
(verified as somatic origin). Additionally, WES analysis 
identified 2 compound heterozygous mutations in the 
SBDS gene: c.183_184delTAinsCT and c.258 + 2 T > C. 
Both of these mutations have been classified as patho-
genic. Further analysis based on family relationships con-
firmed the maternal origin of the c.183_184delTAinsCT 
mutation and the paternal origin of the c.258 + 2 T > C 
mutation. Somatic mutations in SAMD9L, SETBP1, 
BCL11B, and RNASEL were also detected. Based on 
these findings, a diagnosis of Shwachman Diamond syn-
drome (SDS) was made. Subsequently, we initiated the 
search for a suitable unrelated donor (UD) due to the 
patient’s frequent transfusion requirements for red RBC 
and PLTs. Interestingly, the patient’s condition gradually 
improved after 3 months of diagnosis, leading us to adopt 
a watch-and-wait strategy given the stable disease course. 
Eighteen months after the initial diagnosis, the child is 
free from transfusion but CR has not been achieved.

Case 3 (N10) was a 13-year-old boy who presented with 
dizziness, anorexia, and fatigue for 4 days. Laboratory 
results revealed pancytopenia with Hb levels of 5.7 g/ dl, 
PLTs of 15 × 109/L, and ANC of 2 × 109/L. Further cytoge-
netic examination of 20 metaphases exhibited monosomy 
7 (confirmed to be of somatic origin). WES detected 
somatic GATA2 and RUNX1 mutations along with a de 
novo pathogenic heterozygous variant in GATA2 (c.917 
G>A(p.Trp306Ter). HLA typing of the children and his 
family member was initiated immediately after a diag-
nosis of MDS-EB was confirmed. A search for a suit-
able UD was then started for the lack of HLA-identical 
siblings. However, due to irregular follow-up, a BM aspi-
rate repeated 2 months later showed 25% blasts with 
multilineage dysplasia and a positive EVI1 fusion gene, 

suggesting progression to AML. The child achieved CR 
after multiple cycles of cytoreductive chemotherapy and 
received HSCT from a sibling donor (6/10 HLA loci) as a 
fully matched UD could not be found. Unfortunately, the 
patient succumbed to a severe infection 2 months after 
HSCT.

Discussion
In the last decade, advancements in DNA sequencing 
technologies have contributed to a better understand-
ing of the genetic factors involved in childhood MDS. 
Growing evidence suggests that childhood MDS may 
be associated with germline susceptibility [4, 14, 15]. 
Patients with germline syndromes caused by variants in 
GATA2, ETV6, RUNX1, SAMD9/SAMD9-L and SRP72 
have been shown to be susceptible to MDS. However, the 
mechanisms through which germline susceptibility leads 
to MDS are not fully understood. A few studies [7, 16, 17] 
indicated that somatic mutations played a major part in 
the pathogenesis of germline MDS. The acquisition of 
additional somatic mutations may be necessary for MDS 
initiation. Driving somatic mutations occurs on the back-
ground of a germline lesion that is responsible for a faster 
mutational rate in hematopoietic cells or selective pres-
sure driving clonal outgrowth [5, 6]. In addition, there are 
certain recurrent chromosomal aberrations observed in 
partial germline MDS. For example, monosomy 7 is com-
mon in patients with germline SAMD9/9L and GATA2 
mutations [18–20], while isochromosome 7q and del20q 
often occur in SDS [21]. The precise role of these recur-
rent chromosomal abnormalities in the pathogenesis of 
germline MDS is not fully understood. Pastor et al. [22] 
have revealed synergistic effects of the co-occurrence of 
genetic alteration events in the evolution of childhood 

Table 2 Clinical characteristics and treatment outcomes of 13 patients with gene mutation
ID subtypes Sex/ 

Age(y)
TD at 
diagnosis

BM 
karyotype

Types of mutations Treatment and disease evolution Out-
comes

N1 RCC M/6 No Normal Somatic CsA→SD Survivlal
N2 RCC F/5 No Normal Germline + somatic Watch&wait→PD→CsA+HSCT→HI Survival
N3 RCC F/10 Yes Del20qa Germline + somatic Watch&wait→HI Survival
N4 RCC M/0.58 No Normal Germline + somatic CsA→SD Survival
N5 RCC M/9 No Normal Somatic Watch & wait→SD Survival
N6 RCC M/0.3 Yes 45,XY,-7b Somatic HSCT→HI Survival
N7 RCC F/12 Yes Normal Somatic HSCT→HI Survival
N8 RCC M/10 No Normal Somatic CsA→HI Survival
N9 MDS-EB F/1 Yes 45,XX,-7b Somatic HSCT→HI Survival
N10 MDS-EB M/13 Yes 45,XY,-7a Germline + somatic PD→HSCT Death
N11 MDS-EB M/12 Yes 45,X,-Ya Germline HSCT→HI Survival
N12 MDS-EB F/10 Yes 45,XX,-7a Germline + somatic Support therapy (Give up HSCT)→PD Death
N13 MDS-EB-t M/2 Yes Complex 

karyotypea
Somatic Support therapy (Give up HSCT)→PD Death

Abbreviations: F, female; M, male; TD, transfusion dependency; BM, bone marrow; y, years; m, months; SD, stable disease; PD, progressive disease; HI, hematological 
improvement; CsA, cyclosporine A; HSCT, hematopoietic stem cell transplantation; RCC, refractory cytopenia of childhood; MDS-EB, myelodysplastic syndromes 
with excess of blasts; MDS-EB-t, MDS-EB in transformation. a The chromosomal variant was verified as a somatic variant; b The chromosomal variant was verified as 
a germline variant
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MDS, suggesting that recurrent chromosomal abnormal-
ities may contribute to a final common pathway of dis-
ease progression [2].

The above analysis details three cases that exhibited 
germline and somatic mutations, suggesting that their 
occurrence may result from a combination of the above 
mechanisms. The diversity of three cases clinical features 
and outcomes may be explained by oncogenic transfor-
mation or hematopoietic stem cell adaptation (improved 
hematopoiesis) triggered by somatic mutations driven by 
selective pressures on the background of germline lesions 
[5]. Meanwhile, these mechanisms provide strong evi-
dence for further targeted and precise therapy. Case 2 
with germline SBDS variants and somatic mutations such 
as del20q had a reversed disease outcome and a stable 
clinical course. We hypothesized the reversion of the 
disease outcome might be correlated with del20q. The 
gene encoding for eukaryotic Initiation Factor 6 (EIF6) 

is located on the 20q [23, 24]. Through a-CGH, Valli et 
al. discovered in their study that 6 SBDS patients with 
del20q all had EIF6 deletion, and the deletion of 20q may 
cause EIF6 deletion, resulting in haploinsufficiency [23, 
24]. This probably brings a reduced dose of EIF6 in SBDS-
deficient HSPCs, which may help bypass the restraint on 
growth by ameliorating the defect in ribosomal subunit 
joining, in turn favoring the formation of actively trans-
lating 80 S ribosomes and provide a clonal fitness advan-
tage [23, 25–28]. This mechanism probably underlie the 
stable clinical course of case 2 and exploring this mecha-
nism may provide valuable insights for treating other SDS 
patients without del20q. Case 3 with a germline GATA2 
variant and somatic mutations including monosomy 7 
and RUNX1 had a rapidly progressive course of disease. 
We consider this rapidly progressive clinical course may 
be attributed to the inability to reverse the hematopoietic 
defect due to multiple somatic mutation driven by selec-
tive pressures in the GATA2 germline genetic context. 
Case 1, on the other hand, carried germline HSP90AA1 
and NUP98 variants, as well as a somatic TRAF2 muta-
tion. She initially exhibited a stable clinical course, but 
her disease gradually progressed to TD. The precise role 
of these mutations in the disease remains unclear. This 
phenomenon highlights a common challenge in our 
understanding of the pathogenicity of genetic variants, 
as it tends to lag considerably behind the identification of 
these variants. To address this issue, it is crucial to con-
duct more functional testing in the future to match the 
rate of variant discovery in clinical sphere with robust 
functional data, therefore enabling the identification of 
new pathogenic mutations [29].

An exhaustive analysis of these 3 cases and a summary 
of the genetic data of 13 patients demonstrate that the 
clinical presentation, disease evolution and outcome of 
childhood MDS are closely connected with the genetic 
background. We found that advanced MDS, PD, and TD 
were more common in patients with CGSMs compared 
to those with somatic mutations alone or without any 
mutations. Additionally, we observed significant hetero-
geneity in clinical outcomes of the 8 CSGMs patients 
(4 advanced MDS and 4 RCC). The 4 advanced MDS 
patients had poor clinical manifestations and outcomes, 
with the somatic mutations all associated with MDS 
and the germline mutations mostly being pathogenic. 
The 4 RCC patients had better overall prognoses with 
most germline and somatic mutations of unknown sig-
nificance. Our research results indicate that a patient’s 
genetic background is closely related to its clinical out-
comes, and CSGMs contribute to disease progression 
and adverse clinical manifestations. Furthermore, the 
co-occurrence of germline pathogenic variants and 
MDS-associated somatic mutations may be indicative of 
a poor prognosis. It is important to note, however, these 

Table 3 Comparison of baseline characteristics and treatment of 
patients witht different genetic backgrounds
Characteristic CSGMs 

(n = 8)
Only 
somatic 
mutation 
(n = 5)

Non-
mutation* 
(n = 11)

Age at diagnosis, [years, 
median (range)]

6.37 
(0.25−13)

7.8 (2–12) 4.8(0.75−11)

Diagnosis, no./total (%)
 RCC 4 (50%) 4 (80%) 7 (63.6%)
 Advanced MDS 4 (50%) 1 (20%) 4 (36.4%)
Hematological 
characteristics
 Hb level,median (range) 69 

(44–101)
82 (54–100) 83 (46–125)

 PLT count,median (range) 53 
(13–165)

45 (22–80) 62 (10–263)

 NE count, median (range) 1.6 
(0.39–5.08)

1.7 
(0.83–2.82)

0.98 
(0.13–1.95)

 TD at diagnosis 6 (75%) 2 (40%) 2 (18.2%)
Treatment at diagnosis, no./
total (%)
 Watch&wait / Support 
therapy

3 (50%) 2 (40%) 5 (45.4%)_

 IST (CsA) 1 (12.5%) 2 (40%) 4 (36.4%)
 HSCT 4 (50%) 1 (20%) 2 (18.2%)
Response, no./total (%)
 Hematological 
improvement(HI)

4 (50%) 2 (40%) 5 (45.4%)

 Stable disease (SD) 1(12.5%) 2 (40%) 5 (45.4%)
 Disease progression (PD) 3 (37.5%) 1 (20%) 1 (9.1%)
Outcomes, no./total (%)
 Survivl 6 (75%) 4 (80%) 10 (90.9%)
 Death 2 (25%) 1 (20%) 1 (9.1%)
Abbreviations: CSGMs, co-occurrence of somatic and germline mutations; 
RCC, refractory cytopenia of childhood; Hb, hemoglobin; PLT, Platelet; NE, 
Neutrophil; TD, transfusion dependency; IST, immunosuppressive therapy; CsA, 
cyclosporine A; HSCT, hematopoietic stem cell transplantation; *Two patients 
with karyotypic abnormalities did not perform germline validation
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conclusions should be interpreted with caution due to 
the limitations of our sample size, and further data are 
required to validate this theory. In addition, our early 
genetic testing for pediatric MDS primarily involved tar-
geted gene sequencing, resulting in less comprehensive 
detection of genetic variants in childhood MDS. There-
fore, it is possible that there are other genetic factors yet 
to be uncovered, warranting further investigation and 
exploration.

An alternate strategy of genetic background guid-
ing treatment may be included in the clinical thera-
peutic spectrum of pediatric MDS in the future based 
on our findings that clinical manifestations are closely 
linked with specific genetic contexts. However, the cur-
rent treatment strategy of childhood MDS still depends 
on its distinct clinical manifestations [1, 30, 31]. The 
three cases elaborated in this research are used as typi-
cal examples. Both case 1 and case 2 were RCC without 
complex karyotype and monosomy 7. In case 1, we used 
a careful watch-and-wait strategy due to the absence of 
TD and marked neutropenia(<0.5 × 109/L) at the early 
stage of disease. Therapeutic intervention was initiated 
when the child progressed to TD for PLTs. While await-
ing a suitable HLA-matched UD, the patient was treated 
with CsA due to hypocellularity and the absence of poor-
risk karyotype [1, 32, 33], but no significant improvement 
in the hematological parameters was observed before 
receiving HSCT. In case 2, HLA typing was performed 
as soon as the diagnosis of MDS was established due to 
TD. The patient gradually had a stable clinical course free 
from TD while awaiting a suitable UD, and ultimately 
leading us to continue with a watch-and-wait strategy. 
Consequently, for the treatment of pediatric RCC, dis-
ease status at different stages should be carefully evalu-
ated to develop the most appropriate treatment strategy. 
HSCT represents the therapy of choice for advanced 
MDS in children [34, 35]. For case 3, HLA matching was 
initiated shortly after the diagnosis was made and cyto-
reductive chemotherapy was administered before HSCT 
due to the rapid progress of his disease into AML within 
two months. Unfortunately, prognosis for this patient was 
unfavorable because the patient was older than 12 years 
at the time of HSCT and a longer interval of more than 
4 months between the diagnosis and HSCT. Therefore, 
close monitoring of BM status is essential for patients 
with advanced pediatric MDS to detect any disease pro-
gression promptly, ensuring HSCT is performed as soon 
as possible.

Conclusion
The exploration of genetic factors in childhood MDS and 
their impact on prognosis has shed light on the devel-
opmental mechanisms underlying the disease and their 
correlation with disease characteristics and outcomes. 

However, further studies are required to validate these 
findings. Future advancements in the understanding 
of MDS genetic factors hold the potential to aid in risk 
stratification, identify therapeutic targets, guide clinical 
decisions-making, and customize individualized thera-
peutic approaches.
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