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Abstract 

Background:  Many cytogenetic changes and gene mutations are associated with acute myeloid leukemia (AML) 
survival outcomes. CD56 is related to poor prognosis when expressed in adult AML patients. However, the prognostic 
value of CD56 in children with AML has rarely been reported. In this research, we aimed to evaluate the prognostic 
value of CD56 in childhood AML.

Methods:  The present retrospective study included 145 newly diagnosed pediatric patients with de novo AML 
(excluding AML-M3) in two hospitals between January 2015 and April 2021.

Results:  The total median (range) age was 75 (8–176) months, and the median follow-up time was 35 months. No 
significant difference in the 3-year overall survival rate was noted between the CD56-positive and CD56-negative 
groups (67.0% vs. 79.3%, P = 0.157) who received chemotherapy. However, among high-risk patients, the CD56-
positive group had a worse overall survival rate and event-free survival rate (P < 0.05). Furthermore, among high-risk 
patients, the CD56-positive group had higher relapse and mortality rates than the CD56-negative group (P < 0.05).

Conclusions:  CD56 represents a potential factor of poor prognosis in specific groups of children with AML and 
should be considered in the risk stratification of the disease. Given the independent prognostic value of CD56 expres-
sion, we should consider integrating this marker with some immunophenotypic or cytogenetic abnormalities for 
comprehensive analysis.

Keywords:  Acute myeloid leukemia, CD56, Prognostic value, Risk stratification, Immunophenotype, Cytogenetic 
abnormality

Background
Acute myeloid leukemia (AML) is a malignant tumor 
originating from hematopoietic stem cells and is char-
acterized by clonal proliferation and abnormal differen-
tiation of myeloid cells in bone marrow and peripheral 
blood [1]. The morbidity and mortality of AML are high 

in both adults and children, and the overall survival (OS) 
rate of patients is relatively low [2]. To obtain a better 
therapeutic effect, the treatment protocol should be tai-
lored to the risk profile of AML patients. For patients 
with a standard risk stratification, intensification of 
chemotherapy, including induction and consolidation, is 
the main treatment for AML in children [3]. For those 
with poor prognosis, especially refractory or recurrent 
patients, hematopoietic stem cell transplantation (HSCT) 
may represent an effective treatment [4]. Therefore, sci-
entific stratification of AML and identification of patients 
with poor prognosis and modification of the treatment 
regimen as soon as possible are urgently needed.
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At present, in addition to the chemotherapy response, 
cytogenetic characteristics and molecular profiling have 
become increasingly important for predicting patient 
prognosis. These methods are used to stratify and guide 
the treatment of patients with AML in clinical practice 
[5, 6]. Further incorporation of genomic and molecu-
lar data in pediatric AML will be helpful for additional 
refinements of risk stratification to enable tailoring of the 
treatment intensity [7]. CD56 is an isoform of neural cell 
adhesion molecule (NCAM), which is a glycoprotein of 
the immunoglobulin (Ig) superfamily expressed on the 
surface of various cells [8]. CD56 is expressed in up to 
20% of AML cases, promotes the survival of tumor cells 
and improves their drug resistance [9]. A meta-analysis 
suggested that CD56 overexpression may represent a 
factor predicting poor prognosis in adult AML [10]. 
However, it has not been reported whether CD56 can 
be used to predict the prognosis of children with AML. 
Therefore, in our study, we retrospectively analyzed the 
effect of CD56 on prognosis in a large cohort of pediatric 
patients with AML treated at two centers of the coopera-
tion group to evaluate the prognostic value of CD56 in 
childhood AML.

Methods
Patients
All procedures performed in studies involving human 
participants were in accordance with the ethical stand-
ards of the institutional and/or national research com-
mittee and with the 1964 Helsinki. This study has been 
approved by the Ethic Committee of the Nanfang Hos-
pital of Southern Medical University. Informed written 
consent was obtained from all of the children and/or 
parents before study inclusion. This retrospective cohort 
study enrolled 150 children newly diagnosed with AML 
(non-M3). Two patients were excluded due to loss to 
follow-up, and three patients did not complete induction 
chemotherapy. Ultimately, this research included 145 
children treated in the Department of Pediatrics, Nan-
fang Hospital of Southern Medical University and Fujian 
Medical University Union Hospital, China from January 
2015 to April 2021. The diagnostic criteria and AML sub-
type were based on the 2008 World Health Organization 
(WHO) AML criteria. Patients with a second tumor and 
myeloid blast crisis phase of chronic myeloid leukemia 
were excluded. Blood was extracted from bone marrow 
at the first diagnosis for the detection of CD56 expres-
sion and cytogenetic abnormalities. According to the 
characteristics of genetic abnormality and the response 
to induction chemotherapy, all patients were classified 
according to risk stratification based on the C-HUA-
NAN-AML15 protocol (Supplement 1).

Flow cytometry
Flow cytometry was performed using bone marrow sam-
ples taken at diagnosis and analyzed in the specialized 
laboratory. Cells were stained with anti-CD45 (mAb), 
gated by CD45 expression and analyzed by flow cytom-
etry. Plots were created based on the CD45 fluorescence 
intensity and side scattered (SSC) light. Cells were addi-
tionally stained with fluorescein-conjugated mAb against 
CD2, CD3, CD4, CD10, CD13, CD15, CD22, CD33, 
CD34, CD56, CD64, CD117, CD123, CD11b, CD19, 
CD20 and HLA-DR surface antigens. Antigen-negative 
subpopulations of cells were used as negative controls. 
The blast population was gated using scatter parameters, 
and antigen expression was rated positive when greater 
than 20% of AML cells expressed a specific antigen [11].

Cytogenetic abnormality screening
Real-time polymerase chain reaction (RT–PCR) tech-
nology and G-banding technology were used for cytoge-
netic abnormality detection and chromosome karyotype 
analysis by Guangzhou KingMed Center for Clinical 
Laboratory.

Chemotherapy treatment
All patients were treated according to the C-HUA-
NAN-AML15 protocol. Based on the protocol, patients 
received induction and consolidation therapy. Induction 
therapy included two tandem courses of the FLAG-IDA 
regimen (course 1 and course 2): fludarabine (30 mg/
m2/d IV on days 2 to 6), cytarabine (2 g/m2/d IV on days 
2 to 6), idarubicin (8 mg/m2/d IV on days 4 to 6), and 
glycosylated G-CSF (5 μg/kg/d Ih on days 1 to 7). Con-
solidation therapy included the HAE and MidAC regi-
mens. The HAE (course 3) regimen was administered as 
follows: homoharringtonine (HHT) (3 mg/m2/d IV on 

Fig. 1  The study flowchart
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days 1 to 5), cytarabine (100 mg/m2 q12h IV on days 1 to 
7), and etoposide (100 mg/m2/d, IV on days 1 to 5). The 
MidAC (course 4) regimen was administered as follows: 
mitoxantrone (10 mg/m2/d IV on days 1 to 5) and cytara-
bine (1 g/m2 q12h IV on days 1 to 3).

Evaluation timing and definition
For patients treated with chemotherapy, bone marrow 
examination was performed on days 18 ~ 21 after every 
treatment to evaluate the effectiveness. The measured 
outcomes included death, relapse, CR, CR with incom-
plete recovery (CRi), event-free survival (EFS) and 

overall survival (OS). The definitions used for response 
criteria are based on those provided by Cheson et  al. 
[12]. Specifically, relapse was defined as bone marrow 
blasts> 5% or occurrence of extramedullary disease. 
CR was defined as bone marrow blasts< 5%, absence of 
blasts with Auer rods, absence of extramedullary disease, 
ANC > 1.0 × 109/L, PLT > 100 × 109/L, and red cell trans-
fusion independence.

CRi was defined as all CR criteria except for 
ANC > 1.0 × 109/L and PLT > 100 × 109/L. Resistance was 
noted when CR or CRi was not reached after 2 courses of 
induction therapy. The outcome measures were defined 
according to a review [13]: OS was calculated from the 
start of chemotherapy until death or last follow-up. EFS 
was calculated from the date of entry into the study until 
the date of induction treatment failure, relapse from CR 
or CRi or death from any cause. If the status of patients 
was not known at the last follow-up, they were censored 
on the date they were last examined.

Statistical analysis
Statistical analyses were performed using SPSS software 
version 26.0. Groups were compared using Gray’s test. 
Statistical analyses were performed using Fisher’s exact 
test for categorical variables and the Mann–Whitney U 

Table 1  Clinical data and outcome of all patients according to 
CD56 expression

a CR after the first FLAG-IDA regimen
b CR after the two tandem courses of the FLAG-IDA regimen

Patients data CD56(+)
(n = 62)

CD56(−)
(n = 83)

p

Age(Months)

  Median(range) 64(10–176) 86(8–168) 0.110

   ≤ 3 years(n,%) 22(35.5%) 18(21.7%) 0.066

   > 3 years(n,%) 40(64.5%) 65(78.3%)

Sex(n,%)

  Male 31(50.0%) 52(62.7%) 0.128

  Female 31(50.0%) 31(37.3%)

WBC at diagnosis (n,%)

   < 50 × 109/L 44(71.0%) 54(65.1%) 0.452

   ≥ 50 × 109/L 18(29.0%) 29(34.9%)

Extramedullary infiltration(n,%)

  Yes 6(9.7%) 7(8.4%) 0.795

  No 56(90.3%) 76(91.6%)

Risk stratification (n,%)

  Standard risk 8(12.9%) 18(21.7%) 0.391

  Intermediate risk 41(66.1%) 50(60.2%)

  High risk 13(21.0%) 15(18.1%)

FAB classification (n,%)

  M0 3(4.8%) 1(1.2%) 0.413

  M1 2(3.2%) 0(0.0%)

  M2 19(30.6%) 23(27.7%)

  M4 2(3.2%) 3(3.6%)

  M5 24(38.7%) 43(51.8%)

  M6 1(1.6%) 2(2.4%)

  M7 3(4.8%) 3(3.6%)

  Unclassified 8(12.9%) 8(9.6%)

Clinical outcome (n,%)

  CR1a 51(82.3%) 75(90.4%) 0.153

  CR2b 54(87.1%) 80(96.4%) 0.076

  Resistant 8(12.9%) 3(3.6%) 0.076

  Relapse 7(11.3%) 5(6.0%) 0.255

  Death 13(21.0%) 11(13.3%) 0.216

Table 2  Biological features of patients according to CD56 
expression

Biological features CD56(+)
No(%)

CD56(−)
No(%)

p

AML1-ETO mutation(n = 145)

  Yes 21(33.9%) 24(28.9%) 0.523

  No 41(66.1%) 59(71.1%)

FLT3-ITD mutation(n = 145)

  Yes 4(6.5%) 9(10.8%) 0.360

  No 58(93.5%) 74(89.2%)

Complex karyotype(n = 145)

  Yes 9 (14.5%) 9 (10.8%) 0.507

  No 53 (85.5%) 74 (89.2%)

CD3(n = 119)

  Positive 21(39.6%) 27(40.9%) 0.887

  Negative 32(60.4%) 39(59.1%)

CD117(n = 123)

  Positive 49(89.1%) 64(94.1%) 0.495

  Negative 6(10.9%) 4(5.9%)

CD123(n = 97)

  Positive 38(95.0%) 50(87.7%) 0.389

  Negative 2(5.0%) 7(12.3%)

CD34(n = 121)

  Positive 41(77.4%) 58(85.3%) 0.261

  Negative 12(22.6%) 10(14.7%)
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Fig. 2  Kaplan–Meier analysis for risk factors of all enrolled patients. A The overall survival (OS) rate for patients in CD56 positive and CD56 negative 
group. B Event-free survival (EFS) rate for patients in CD56 positive and CD56 negative group. C: The OS rate in the group over 36 months. D The EFS 
rate in the group under 36 months. E The OS rate for patients in standard-intermediate risk group. F The EFS rate for patients in high risk group
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test for continuous variables. Kaplan–Meier curves were 
used to describe changes in OS and EFS, and log-rank 
tests were used to compare the differences in the sur-
vival curves. Univariate and multivariate Cox regression 
analyses were used to correct for the effects of other con-
founding factors on survival. The hazard ratio was calcu-
lated for only the variables included in the Cox regression 
model, and the factors not included in the model had 
no corresponding hazard ratios. P < 0.05 was considered 
significant.

Results
Clinical and biological characteristics
A total of 145 patients (96.7%, 145/150) were enrolled 
in this retrospective study (Fig.  1). Among them, 62 
were CD56 positive, and 83 were CD56 negative. The 
rate of CD56 positivity was approximately 42.8%. No 
differences in the distributions of age, sex, WBC count 
at diagnosis, extramedullary infiltration or risk strati-
fication were noted (P > 0.05) (Table  1). Regarding 
biological features, there was no significant difference 
between the expression of CD56 and CD3, CD117, 
CD123 and CD34 in AML cells. In addition, no differ-
ences in the expression of AML1-ETO and FLT3-ITD 
mutations or chromosome karyotype abnormalities 
were noted between the two groups (P > 0.05) (Table 2).

Overall treatment results
According to clinical outcomes, no differences in the 
remission rates after the first induction chemotherapy 
and the second induction chemotherapy were noted 
between the CD56-positive group and the CD56-nega-
tive group. In addition, no significant differences in the 
overall resistance rate, relapse rate or mortality were 
noted between the two groups (P > 0.05) (Table  1). The 
median follow-up time was 35 months. According to the 
Kaplan–Meier analysis, in the CD56-positive group, the 
3-year OS and EFS were 67 and 62.4%, respectively. In 
the CD56-negative group, the 3-year OS and EFS were 
79.3 and 65%, respectively. No significant differences in 
OS or EFS were noted between the two groups (P > 0.05). 
Moreover, significantly lower OS and EFS were noted 
in patients less than 36 months old and in the high-risk 
group (P < 0.05) (Fig. 2).

Univariate and multivariate analysis
According to the univariate analysis of risk factors, 
age ≤ 36 months at first diagnosis (HR 4.40, 95% CI: 1.95–
9.93, P = 0.000), high-risk classification (HR 4.46, 95% CI: 
1.97–10.09, P = 0.000) and complex karyotype (HR 3.34, 
95% CI: 1.32–8.44, P = 0.011) were significantly associ-
ated with poor outcome. Regarding prognostic factors 

for EFS, age ≤ 36 months at first diagnosis (HR 3.42, 95% 
CI: 1.72–6.79, P = 0.000) and high-risk classification (HR 
2.50, 95% CI: 1.19–5.28, P = 0.016) were independent risk 
factors. The AML1-ETO mutation may be a protective 
factor (HR 0.25, 95% CI: 0.09–0.72, P = 0.010). Multi-
variate analysis showed that only age ≤ 36 months at first 
diagnosis and high-risk classification were independent 
risk factors for OS and EFS (P < 0.05). However, in uni-
variate and multivariate analyses, CD56 positivity was 
not related to OS or EFS (P > 0.05) (Table 3).

CD56 expression and overall treatment results 
in the high‑risk group
There were a total of 28 patients in the high-risk group. 
Of these patients, 13 exhibited CD56 expression, whereas 
15 did not. The rate of CD56 positivity was approxi-
mately 46.4%. This rate was slightly higher than the rate 
of CD56 expression in all enrolled patients (46.4% vs. 
42.8%). No differences in the clinical data of all patients 
in the high-risk group were noted (P > 0.05). In the high-
risk group, the response to chemotherapy was poor. After 
two courses of induction chemotherapy, only 5 patients 
achieved CR, and 8 patients developed resistance. The 
overall resistance rate and relapse rate were higher in the 
high-risk group compared with the standard-intermedi-
ate risk group (P = 0.05). By the end of the follow-up, 4 
patients with CD56 expression relapsed, 8 of 13 patients 
died, and none of the patients without CD56 expression 
relapsed. The relapse rate and mortality of patients with 
CD56 expression were higher than their counterparts 

Table 3  Univariate and multivariate analyses of risk factors for 
overall survival and event-free survival in all enrolled patients

Abbreviations: OS overall survival, EFS event-free survival, HR hazard ratio, CI 
confidence interval, WBC white blood cell count at first diagnosis

OS of all patients EFS of all patients

Univariate analysis

Risk factors HR (95% CI) P HR (95% CI) P

≤36 months 4.40 (1.95–9.93) 0.000 3.42 (1.72–6.79) 0.000

High-risk 4.46(1.97–10.09) 0.000 2.50 (1.19–5.28) 0.016

CD56 positivity 1.77 (0.79–3.96) 0.164 1.21(0.61–2.41) 0.581

WBC ≥ 50 × 109/L 1.17(0.50–2.74) 0.716 1.13(0.55–2.34) 0.736

AML1-ETO 0.38(0.13–1.10) 0.074 0.25(0.09–0.72) 0.010

FLT3-ITD 0.04(0.00–32.01) 0.353 1.33(0.41–4.37) 0.636

Complex karyotype 3.34(1.32–8.44) 0.011 2.04(0.84–4.95) 0.177

Multivariate analysis

Risk factors HR (95% CI) P HR (95% CI) P

≤36 months 2.85(1.08–7.50) 0.034 2.97(1.13–7.82) 0.028

High-risk 2.98(1.25–7.10) 0.013 2.74(1.15–6.56) 0.023

AML1-ETO 0.70(0.21–2.37) 0.570 0.56(0.21–2.35) 0.562

Complex karyotype 1.54(0.54–4.42) 0.420 1.25(0.47–3.33) 0.660
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(P < 0.05) (Table  4). Furthermore, patients with CD56 
expression had a worse OS rate and EFS rate (P < 0.05) 
(Fig. 3).

Discussion
AML is one of the most challenging diseases in children 
with malignant tumors. Although advances in therapy 
have been made over the past decades, the OS of chil-
dren with AML has not been satisfactory [7]. Despite the 
availability of different treatments for childhood AML, 
the therapeutic effects vary greatly [14, 15]. To improve 
the curative effect, the response to chemotherapy and 
risk stratification should be seriously considered. When 
considering risk stratification, it is necessary to com-
bine cytogenetic characteristics and molecular disease 
features. A previous study reported the relationship 

between outcome and the expression of a single antigen 
[16]. The abnormal immunophenotype on the surface of 
AML cells affects survival outcome. Therefore, it is very 
important to identify a new antigen marker that is highly 
expressed on the surface of AML cells and related to the 
clinical outcome.

CD56, which is also known as NCAM1, is abnormally 
expressed in 15 to 20% of patients with AML and is 
associated with reduced complete remission rates, high 
relapse rates and poor OS [17]. Laboratory research has 
shown that CD56 expression promotes leukemogenesis 
and confers drug resistance in AML [9]. In adults, clinical 
studies have found that CD56 indicates poor prognosis in 
different AML subtypes [18–20]. Therefore, CD56 over-
expression is an adverse prognostic factor for AML in 
adults. However, large clinical studies confirming the role 

Table 4  Clinical data of Standard-Intermediate and High risk groups according to CD56 expression

a CR after the first FLAG-IDA regimen
b CR after the two tandem courses of the FLAG-IDA regimen

Patients data Standard-Intermediate risk High risk

CD56(+)
(n = 49)

CD56(−)
(n = 68)

p CD56(+)
(n = 13)

CD56(−)
(n = 15)

P

Age(Months)

  Median(range) 67(11–176) 87(8–168) 0.247 22(10–141) 38(8–162) 0.274

   ≤ 36 months(n,%) 14(28.6%) 11(16.2%) 0.107 8(61.5%) 8(53.3%) 0.476

   > 36 months(n,%) 35(71.4%) 57(83.8%) 5(38.5%) 7(46.7%)

Sex(n,%)

  Male 24(49.0%) 23(33.8%) 0.099 6(46.2%) 7 (46.7%) 1.000

  Female 25(51.0%) 45(66.2%) 7(53.8%) 8 (53.3%)

WBC at diagnosis (n,%)

   < 50 × 109/L 32(65.3%) 44(64.7%) 0.946 12(92.3%) 10(66.7%) 0.173

   ≥ 50 × 109/L 17(34.7%) 24(35.3%) 1(7.7%) 5(33.3%)

Extramedullary infiltration(n,%)

  Yes 6(12.2%) 7(10.3%) 0.740 0(0.0%) 0(0.0%) –

  No 43(87.8%) 61(89.7%) 13(100%) 15(100.0%)

AML1-ETO(n,%)

  Yes(n) 17(34.7%) 21(30.9%) 0.644 4(30.8%) 3(20.0%) 0.670

  No(n) 32(65.3%) 47(69.1%) 9(69.2.9%) 12(80.0%)

FLT3-ITD (n,%)

  Yes 3(6.1%) 6(8.8%) 0.850 1(7.7%) 3(20.0%) 0.600

  No 46(93.9%) 62(91.2%) 12(92.3%) 12(80.0%)

Complex karyotype(n,%)

  Yes 4(8.2%) 1(1.5%) 0.160 5 (38.5%) 8 (53.3%) 0.476

  No 45(91.8%) 67(98.5%) 8 (61.5%) 7 (46.7%)

Clinical outcome (n,%)

  CR1a 48(98.0%) 67(98.5%) 1.000 3(23.1%) 8 (53.3%) 0.137

  CR2b 49(100.0%) 68(100.0%) – 5(38.5%) 12 (80.0%) 0.050

  Resistant 0 0 – 8 (61.5%) 3 (20.0%) 0.050

  Relapse 3(6.1%) 5(7.4%) 1.000 4(30.8%) 0 (0.0%) 0.035

  Death 5(10.2%) 9(13.2%) 0.618 8(61.5%) 2 (13.3%) 0.016
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Fig. 3  Kaplan–Meier analysis for the risk stratification for patients in High risk group. A The OS rate for patients in High risk group. B The EFS rate for 
patients in High risk group
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of CD56 in childhood AML are lacking. The purpose of 
our research was to verify whether this association exists.

Yusuke Hara et  al. reported that the prognosis of 
children with AML was worse in the group of children 
less than 3 years old [21]. In addition, we also found 
that OS and EFS were worse in children less than 
36 months old, which was an independent risk factor 
for poor prognosis. In this group, the proportion of 
CD56-positive patients tended to increase, indicating 
that CD56 expression in children with AML may be 
related to age. The lack of a significant difference may 
be due to the small sample size of our study. Concern-
ing the biologic features of CD56-positive patients, 
CD3, CD117 and CD34, which belong to hematopoi-
etic stem and progenitor cells and T-cell antigens were 
not coexpressed with CD56 in AML patients [22]. This 
finding suggested that CD56-positive AML cells may 
not appear in progenitor cells that are not restricted 
by lineage. In addition, CD56 was not coexpressed 
with the immaturity-associated marker CD123 in 
common hematological tumors [23], suggesting that 
CD56 may not be used as an immune-related marker 
for the diagnosis of AML.

CD56-positive patients had a lower induced remis-
sion rate and higher relapse and mortality rates in the 
high-risk group with childhood AML. However, CD56 
expression did not affect overall OS or EFS. Based on 
the risk stratification of our study, the high-risk group 
was a group of patients with a poor response to chemo-
therapy or specific cytogenetic abnormalities. This find-
ing indicated that the poor prognosis associated with 
CD56 expression may only occur in a specific popula-
tion. Laura M. Pardo et al. found that in CD56-positive 
AML, poor prognosis is limited to a subset of patients 
with unique multidimensional phenotypes [24]. The 
above results suggested that CD56 may affect the sur-
vival outcome in specific AML groups or when some 
multidimensional immunophenotypic and cytogenetic 
abnormalities are present. Unfortunately, our study did 
not identify other related immaturity-associated mark-
ers or cytogenetic abnormalities.

There are some limitations in the study. First, spe-
cific antigens and gene mutations were not assessed in 
all patients upon enrollment, resulting in incomplete 
immunophenotype and gene mutation data in some 
patients. Second, as a retrospective study, the number 
of enrolled patients in this study was still not sufficient, 
and the follow-up time needs to be further extended.

In conclusion, our research showed that CD56 can be 
used as one of the factors of poor prognosis in specific 
groups of children with AML, which should be consid-
ered in the risk stratification of the disease. In addition 

to focusing on the independent prognostic value of 
CD56 expression, we should consider integrating this 
marker into a multidimensional immunophenotype or 
cytogenetic abnormalities for comprehensive analysis, 
which is more helpful to scientifically classify and eval-
uate the prognosis of children with AML.
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