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INTRODUCTION

To create a personal prognostic model and modify the risk stratification of paediatric
acute myeloid leukaemia, we downloaded the clinical data of 597 patients from the
Therapeutically Applicable Research to Generate Effective Treatments (TARGET)
database as a training set and included 189 patients from our centre as a validation
set. In the training set, age at diagnosis, -7/del(7q) or -5/del(5q), core binding factor
fusion genes, FMS-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD)/
nucleophosmin 1 (NPM1I) status, Wilms tumour 1 (WTI) mutation, biallelic CCAAT
enhancer binding protein alpha (CEBPA) mutation were strongly correlated with
overall survival and included to construct the model. The prognostic model demon-
strated excellent discriminative ability with the Harrell's concordance index of 0.68,
3- and 5-year area under the receiver operating characteristic curve of 0.71 and 0.72
respectively. The model was validated in the validation set and outperformed exist-
ing prognostic systems. Additionally, patients were stratified into three risk groups
(low, intermediate and high risk) with significantly distinct prognosis, and the model
successfully identified candidates for haematopoietic stem cell transplantation. The
newly developed prognostic model showed robust ability and utility in survival pre-
diction and risk stratification, which could be helpful in modifying treatment selec-

tion in clinical routine.
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Acute myeloid leukaemia (AML) is a clinically and molecu-
larly heterogenous disease that accounts for 20%-30% of all
leukaemias in children. Despite the relatively good prognosis

of childhood AML compared to adults, only 60%-70% pa-
tients achieve long-term survival.' Relapsed disease poses a
great challenge to the treatment of AML, and 30% of chil-
dren with AML experience relapse and have a poor progno-
sis. Although new therapeutic agents have been emerging in
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recent years, only minor improvements have been achieved
in the clinical outcomes of childhood AML.

Combined chemotherapy is the foundation in the
treatment of AML. However, chemotherapy alone is still
unsatisfactory in some patients, and these patients are
often stratified into the high-risk group and are candi-
dates for allogeneic haematopoietic stem cell transplanta-
tion (HSCT).? In addition, the intensity of chemotherapy
should be tailored personally to maximise efficacy and
minimise toxicity. Altogether, the treatment for AML
requires precise and personal risk stratification. Many
efforts have been made in the refinement of risk stratifi-
cation for adult AML. The European LeukemiaNet (ELN)
genetic risk stratification has been widely used in clinical
practice and exhibits robust predictive value in not only
long-term survival but also survival after HSCT and early
mortality.”~> Also, many prognostic models for both young
adult and elderly AML have been developed and achieved
outstanding performances.®’ By comparison, few publica-
tions have proposed risk stratification for childhood AML,
and the discrepancies between children and adults limits
the application of the aforementioned models in the pae-
diatric population.®’

Moreover, the implications of some clinical and muta-
tional signatures remain to be determined, and how they
mutually influence survival is often hard to quantify. For
instance, the presence of RUNXI-RUNXITI fusion gene
is considered to be a favourable factor for AML. But it can
be complicated by the co-existence with FMS-like tyrosine
kinase 3-internal tandem duplication (FLT3-ITD), an aber-
ration generally viewed as adverse."” Hence, we constructed
a prognostic model using some simple-to-obtain clinical
features and proposed a risk stratification specifically for
paediatric AML. Moreover, we made comparisons to the ex-
isting prognostic systems and explored its capability in guid-
ing therapeutic decision-making.

METHODS
Participants and sources of data

The clinical information was downloaded from the
Therapeutically Applicable Research to Generate Effective
Treatments (TARGET) project database for childhood AML
patients (http://ocg.cancer.gov/). A total of 597 patients with
AML enrolled between 2006 and 2010 in The Children's
Oncology Group Trial COG-AAMLO0531 (NCT01407757)
were included in this study as a training set. Between August
2009 and December 2015, another 189 children with non-M3
AML from the Institute of Haematology, Chinese Academy
of Medical Sciences (IHCAMS) were included in this study
as the validation set. Patients with missing data or who died
before or during initial induction therapy were excluded. The
study design and methods complied with the Declaration of
Helsinki and was approved by the Ethics Committee and
Institutional Review Board of Institute of Haematology

and Blood Diseases Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College. Informed con-
sent was obtained from all patients.

Definitions and outcomes

Complex karyotype was defined as three or more chromo-
somal abnormalities, excluding the recurrent abnormalities
designated in the 2016 World Health Organization (WHO)
classification. Complete remission (CR) was defined as bone
marrow (BM) blasts <5% by morphology. Relapse was de-
fined as BM blasts 5%, or presence of any extramedullary
diseases after CR was achieved. Induction failure was de-
fined as BM blasts >5% after induction II. Overall survival
(OS) was the primary end-point of interest, which was meas-
ured from the date of diagnosis to death of any cause or the
last date of follow-up. Event-free survival (EFS) was defined
as the interval between diagnosis and induction failure, re-
lapse or death, whichever came the first.

Treatment regimen

The treatment regimen of patients enrolled in COG-
AAMLO0531 was detailed in a previous study."' Patients
treated in IHCAMS received CAMS-2009 regimen. Briefly,
introduction therapy consisted of etoposide 150 mg/m? in-
travenously (IV) on days 1-5, idarubicin 8 mg/m* IV on days
6-8 and cytarabine (Ara-C) 200 mg/m* IV on days 6-12. Re-
induction therapy was administered if CR was not achieved.
Patients achieving CR were to receive five courses of consoli-
dation therapy. Course 1 and 4 includes idarubicin 10 mg/m?
IV on day 1 and Ara-C 3g/m” IV on days 1-3. Course 2 and 5
includes etoposide 150 mg/m* IV on days 1-3, mitoxantrone
5mg/m” IV on days 4-6 and Ara-C 200 mg/m* IV on days
4-8. Course 3 includes etoposide 100 mg/m” IV on days 1-5
and Ara-C 2g/m” IV on days 1-5. Patients with FLT3-ITD,
BM blasts >215% after first induction or >5% by morphology
or 20.1% by flow cytometry after re-induction therapy, or
relapsed disease are candidates for HSCT."?

Predictor

The potential predictors of OS were analysed to develop the
prognostic model. Parameters at diagnosis included in this
study were as following: age at diagnosis, gender, white blood
cell count and BM blasts at diagnosis, -7/del(7q) or -5/del(5q),
complex karyotype, gene fusion or mutations including core
binding factor (CBF), Nucleoporin 98 (NUP98) rearrange-
ments, Lysine methyltransferase 2A (KMT2A) rearrange-
ments, FLT3-ITD, FMS-like tyrosine kinase 3-tyrosine
kinase domain (FLT3-TKD), Wilms Tumour 1 (WT1I), bial-
lelic CCAAT enhancer binding protein alpha (CEBPA) and
nucleophosmin 1 (NPMI), as well as response to induction
therapy.
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Statistical analysis

Uni- and multivariable Cox analysis was applied to assess
the impact of parameters on OS. We included parameters
with a p<0.05 in multivariable Cox analysis into model de-
velopment. The risk score for each subject was calculated
based on the coefficient of each parameter in multivariate
analysis. Patients were stratified into low-, intermediate- and
high-risk groups based on the 25% and 75% quartiles of the
risk score of the training set. Model performance was evalu-
ated by discrimination and calibration. Discrimination was
assessed by Harrell's concordance index (C-index) and the
area under the curve of a time-dependent receiver operat-
ing characteristic curve (AUROC). Bias-corrected calibra-
tion curves for OS using 1000 bootstrap re-sampling were
performed to evaluate the consistency of observed and esti-
mated survival probability.

Continuous variables are presented as median and in-
terquartile range (IQR) and compared using the Mann-
Whitney U-test. Categorical variables were analysed using
Fisher's exact test. Probability of OS and EFS were estimated
by the Kaplan-Meier method and compared using the log-
rank test. A two-tailed p<0.05 was considered statistically
significant. All statistical analyses were performed using the
R software 4.0.2 (The CRAN project, www.r-project.org).

RESULTS
Population characteristics

The flow diagram of this study is shown in Figure 1. The
clinical characteristics of both cohorts are compared in
Table 1. The median (range) follow-up durations were
66.0 (2.2-103.8) and 20.4 (range 0.7-95.5) months in train-
ing and validation set respectively. The 1-, 3- and 5-year
OS rates were 86.0% (95% confidence interval [CI] 83.2%-
88.8%), 70.6% (95% CI 69.9%-74.4%), 66.5% (95% CI 62.8%—
70.6%) in training set. In validation set, the 1- and 3-year
OS were 76.9% (95% CI 71.0%-83.3%) and 63.7% (95% CI
56.7%-71.5%), and 5-year OS remained the same as 3-year
OS because no deaths occurred after the 3-year follow-up.

De novo pediatric AML
from TARGET database
) Excluded:
1. Duplications (N=111)
2. Treated with
AAMLO3PI or CCG-
De novo pediatric AML \w/
from TARGET database
treated with AAMLO0531 Y N
(N=806) Excluded:
| S 1. Missing data (N=187)
2. Dead before or during
induction therapy
— (N=20)
\ (3. AML-M3 (N=2) )
Training set (N=597)

~ @@

FIGURE 1
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Model development and performance in
training set

Uni- and multivariable Cox analysis was applied to identify
the potential risk factors affecting OS as shown in Table 2.
Parameters of age at diagnosis, -7/del(7q) or -5/del(5q), CBF
gene fusion, FLT3-ITD/NPMI status, and biallelic CEBPA mu-
tation, WT1 mutation with a p<0.05 in multivariable analysis
were selected as predictors to construct the model (Table S1).
The predictive performance of the proposed CAMS-pAML
model was evaluated by C-index and AUROC, which demon-
strated outstanding discrimination with a C-index of 0.68 (95%
CI 0.64-0.71), and 3- and 5-year AUROC 0.71 (95% CI 0.66-
0.75) and 0.72 (95% CI 0.67-0.76) respectively (Figure 2A). The
calibration curve exhibited high consistency for the 3- and 5-
year survival probabilities between the model predicted out-
comes and actual observations (Figure 2B,C). In addition, a
web-based dynamic calculator (https://ihcams.shinyapps.io/
CAMS-pAML/) was developed for survival prediction.

The risk score was calculated for each patient using the
formula from the multivariable Cox regression, which was
expressed as follow:

Risk score = [0.380 X age at diagnosis > 2]
+ [0.862 X —7/del(7q) or— S/del(Sq)]
— (1.452x CBF fusion gene)
+(0.054X FLT3—-1TD+ /NPM1-)
—(1.252XFLT3—ITD — /NPMI+)
—(0.512XFLT3—ITD+ /NPMI+)
—(1.166 X CEBPA biallelic mutation)
+(0.553 X WT1 mutation).

By the 25% and 75% quartiles of the risk score, the training
set was stratified into three risk groups (low-, intermediate-
and high-risk groups). Patients with a risk score <—1.018 were
considered as low-risk, whereas those with a risk score >0.380
were considered as high-risk. Patients with intermediate risk
have a risk score between —1.018 and 0.380. This resulted in
148, 351, and 98 cases in the low-, intermediate- and high-risk
groups, and distinct prognosis of each group. The 5-year OS
of low-, intermediate- and high-risk groups were 86.0% (95%

De novo pediatric AML
from IHCAMS(N= 203)

Excluded:
Patients die before or

during induction therapy
(N=14)

Validation set (N=189)

Flow diagram describing how the training and validation set were obtained. [Colour figure can be viewed at wileyonlinelibrary.com]
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TABLE 1 Clinical characteristics of all patients
Overall COG-AAMLO0531 CAMS-2009
Variable Level N=786 N=597 N=189 p
Gender, n (%) Female 366 (46.6) 285 (47.7) 81 (42.9) 0.277
Male 420 (53.4) 312 (52.3) 108 (57.1)
Age at diagnosis, years, median (IQR) 9.0 (3.0-13.0)  10.0 (3.0-14.0) 8.0 (5.0-11.0) 0.019
WBC count at diagnosis, x10°/L, median (IQR) 23.6 27.0 (10.8-78.3) 16.5 (8.1-52.3) 0.001
(9.3-73.9)
BM blast, %, median (IQR) 68.9 70.0 (45.0-87.0) 63.6 (44.6-82.5) 0.243
(45.0-86.0)
FAB category, n (%) Mo 24 (3.1) 20 (3.4) 4(2.1) <0.001
M1 78 (9.9) 77 (12.9) 1(0.5)
M2 253 (32.2) 152 (25.5) 101 (53.4)
M4 165 (21.0) 143 (24.0) 22 (11.6)
M5 182 (23.2) 131 (21.9) 51 (27.0)
M6 16 (2.0) 13 (2.2) 3(L.6)
M7 40 (5.1) 33 (5.5) 7 (3.7)
NOS 28 (3.6) 28 (4.7) 0(0.0)
-7/del(7q) or -5/del(5q), n (%) No 745 (94.8) 561 (94.0) 184 (97.4) 0.089
Yes 41 (5.2) 36 (6.0) 5(2.6)
Complex karyotype, n (%) No 717 (91.2) 538 (90.1) 179 (94.7) 0.055
Yes 69 (8.8) 59 (9.9) 10 (5.3)
CBEF fusion gene, 1 (%) No CBF fusion gene 524 (66.7) 425 (71.2) 99 (52.4) <0.001
RUNXI-RUNXIT1 170 (21.6) 96 (16.1) 74 (39.2)
CBFp-MYHI1 92 (11.7) 76 (12.7) 16 (8.5)
NUP9S8 fusion gene, 1 (%) No 750 (95.4) 562 (94.1) 188 (99.5) 0.001
Yes 36 (4.6) 35 (5.9) 1(0.5)
KMT2A rearrangement, 1 (%) No 648 (82.4) 475 (79.6) 173 (91.5) <0.001
Yes 138 (17.6) 122 (20.4) 16 (8.5)
FLT3-ITD/NPMI status, n (%) FLT3-ITD-/NPM1™~ 637 (81.0) 467 (78.2) 170 (89.9) 0.002
FLT3-ITD+/NPM1” 90 (11.5) 77 (12.9) 13 (6.9)
FLT3-ITD-/NPMI* 37 (4.7) 32 (5.4) 5(2.6)
FLT3-ITD+/NPMI* 22 (2.8) 21 (3.5) 1(0.5)
FLT3-TKD, n (%) Wild-type 742 (94.4) 555 (93.0) 187 (98.9) 0.001
Mutated 44 (5.6) 42 (7.0) 2 (1.1)
Biallelic CEBPA mutation, 7 (%) Wild-type or 742 (94.4) 567 (95.0) 178 (94.2) 0.708
monoallelic
Mutated 44 (5.6) 30 (5.0) 11 (5.8)
WTI1 mutation, n (%) Wild-type 735 (93.5) 551 (92.3) 184 (97.4) 0.011
Mutated 51 (6.5) 46 (7.7) 5(2.6)
Response to induction therapy, n (%) CR 608 (77.4) 444 (74.4) 164 (86.8) <0.001
Not in CR 178 (22.6) 153 (25.6) 25(13.2)

Abbreviations: CAMS, Chinese Academy of Medical Sciences; CBF, core binding factor; CEBPA, CCAAT enhancer binding protein alpha; FLT3-ITD, FMS-like tyrosine
kinase 3-internal tandem duplication; FLT3-TKD, FMS-like tyrosine kinase 3-tyrosine kinase domain; IQR, interquartile range; KMT2A, lysine methyltransferase 2A; NPM1,

nucleophosmin 1; NUP98, nucleoporin 98; WBC, white blood cell; WTI, Wilms tumour 1.

CI 80.4%-91.9%), 66.5% (95% CI 61.6%-71.8%), 36.6% (95% CI
27.8%-48.1%) respectively (p<0.001, Figure 2D). The 5-year
EFS of low-, intermediate- and high-risk groups were 70.0%
(95% CI 62.9%-77.8%), 49.4% (95% CI 44.4%-55.0%), 21.9%
(95% CI 15.0%-32.1%) respectively (p <0.001, Figure 2E).

Model external validation in validation set

To access the compatibility of the CAMS-pAML model,
another independent cohort was included as validation
set (n = 189). There were 89, 80 and 20 cases identified in
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TABLE 2 Uni- and multivariable Cox analyses of variates impacting overall survival of patients in the training set
Univariable analysis Multivariable analysis

Variable Groups HR (95% CI) P HR (95% CI) p
Gender Female vs. male 1.181 (0.890-1.567) 0.249 1.201 (0.900-1.603) 0.213
Age at diagnosis (years) <2vs. 22 1.066 (0.733-1.551) 0.737 1.581 (1.039-2.404) 0.032
WBC count at diagnosis (x10°/L) <100 vs. 2100 1.215 (0.866-1.706) 0.260 1.162 (0.807-1.675) 0.419
BM blast (%) <70 vs. 270 1.211 (0.914-1.606) 0.182 1.103 (0.807-1.508) 0.538
-7/del(7q) or -5/del(5q) Yes vs. no 2.230 (1.403-3.543) 0.001 2.006 (1.211-3.325) 0.007
Complex karyotype Yes vs. no 1.641 (1.093-2.464) 0.017 1.274 (0.817-1.987) 0.286
CBF fusion gene Yes vs. no 0.290 (0.189-0.445) <0.001 0.244 (0.152-0.393) <0.001
NUP98 fusion gene Yes vs. no 1.407 (0.817-2.425) 0.218 0.866 (0.484-1.549) 0.627
KMT2A rearrangement Yes vs. no 1.372 (0.992-1.879) 0.056 0.970 (0.657-1.434) 0.880
FLT3-ITD/NPMI status FLT3-ITD+/NPMI- vs. 1.563 (1.077-2.270) 0.019 0.982 (0.626-1.542) 0.938

FLT3-1TD-/NPM1I-

FLT3-ITD-/NPMI+ vs. 0.475 (0.195-1.158) 0.102 0.328 (0.130-0.830) 0.019
FLT3-1TD-/NPM1I-
FLT3-ITD+/NPMI+ vs. 0.858 (0.379-1.940) 0.712 0.654 (0.278-1.537) 0.330

FLT3-1TD-/NPM1I-
FLT3-TKD Wild-type vs. mutated 0.684 (0.362-1.292) 0.242 0.629 (0.324-1.218) 0.169
Biallelic CEBPA mutation Wild-type or monoallelic vs. 0.454 (0.187-1.105) 0.082 0.298 (0.118-0.751) 0.010

mutated
WTI1 mutation Wild-type vs. mutated 2.095 (1.365-3.215) 0.001 1.811 (1.111-2.953) 0.017
Response to induction therapy CR vs. not in CR 1.669 (1.236-2.252) 0.001 1.234 (0.896-1.700) 0.198

Abbreviations: CBF, core binding factor; CEBPA, CCAAT enhancer binding protein alpha; CI, confidence interval; CR, complete remission; FLT3-ITD, FMS-like tyrosine
kinase 3-internal tandem duplication; FLT3-TKD, FMS-like tyrosine kinase 3-tyrosine kinase domain; HR, hazard ratio; KMT2A, lysine methyltransferase 2A; NPM1,
nucleophosmin 1; NUP98, nucleoporin 98; WBC, white blood cell; WTI, Wilms tumour 1.

the low-, intermediate- and high-risk groups in the valida-
tion set. The 5-year OS for low-, intermediate- and high-
risk groups of 76.6% (95% CI 67.6%-86.8%), 55.4% (95% CI
44.9%-68.4%), 42.5% (95% CI 25.2%-71.7%) respectively
(p<0.001, Figure 3A), and 5-year EFS of 68.0% (95% CI
57.8%-79.9%), 47.5% (95% CI 37.4%-60.4%), 43.3% (95% CI
25.9%-72.4%) respectively (p = 0.002, Figure 3B).

Clinical significance of the model

By combining the patients in training and validation sets,
we explored the capability of the CAMS-pAML model in
identifying HSCT candidates. After removing patients
with unavailable information of HSCT, there were 3.0%
(seven of 235), 18.2% (73/402) and 35.2% (32/91) patients
who received HSCT in first CR in the low-, intermediate-
and high-risk groups respectively. It showed that HSCT
significantly improved both the OS and EFS of patients
in the high-risk group, with 5-year OS of 62.3% (95% CI
46.7%-83.1%) and 29.6% (95% CI 19.6%-44.6%) (p <0.001),
and 5-year EFS of 54.9% (95% CI 39.8%-75.7%) and 16.4%
(95% CI 9.0%-29.9%) (p<0.001, Figure 4A,B) in patients
with and without HSCT respectively. In the intermediate-
risk group, the 5-year OS was comparable between pa-
tients who underwent HSCT and those who did not (69.6%

[95% CI 59.4%-81.5%] vs. 65.4% [95% CI 60.2%-71.0%],
p = 0.303, Figure 4C). However, the 5-year EFS was higher
in patients who underwent HSCT in the intermediate-risk
group (67.8% [95% CI 57.7%-79.7%] vs. 48.6% [95% CI
43.4%-54.5%], p = 0.004, Figure 4D). As for the low-risk
group, HSCT did not improve the prognosis with patients
sharing similar 5-year OS (HSCT versus non-HSCT, 85.7%
[95% CI 63.3%-100.0%] vs. 82.7% [95% CI 77.7%—88.1%],
p =0.870, Figure 4C) and EFS (HSCT vs. non-HSCT, 85.7%
[95% CI 63.3%-100.0%] vs. 69.5% [95% CI 63.6%-76.0%],
p =0.399, Figure 4E,F).

Comparison to the existing prognostic systems

The ELN guidelines proposed the widest accepted risk
stratifications for paediatric and adult AML in 2012 and
2017 respectively.>"® Therefore, we evaluated the perfor-
mance of the CAMS-pAML model by comparing to them.
The CAMS-pAML model outperformed both the 2017 (C-
index: 0.68 [95% CI 0.64-0.71] vs. 0.64 [95% CI 0.60-0.68],
p =0.015) and the 2012 (C-index: 0.68 [95% CI 0.64-0.71] vs.
0.64 [95% CI 0.61-0.68], p = 0.015) ELN prognostic systems
with a higher C-index in the training set. Survival analyses
revealed the CAMS-pAML model did better in distinguish-
ing intermediate- and high-risk patients (Figure 5A-D). We
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further investigated whether HSCT improved the survival of
patients in each of the risk groups stratified by ELN prognos-
tic systems. It turned out that HSCT did not improve the OS
of patients in either high-, intermediate-, or low-risk groups
identified by the 2012 and 2017 ELN prognostic systems
(Figure S1).

DISCUSSION

Here, we developed a model with robust predictive value
in long-term survival of childhood AML in both the train-
ing and validation sets, which outperformed the existing
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prognostic systems. Moreover, the refined risk stratifica-
tion based on the proposed CAMS-pAML model is able to
identify candidates for HSCT, which can be of great help in
clinical routine. To date, very few studies have shed light on
developing a prognostic model for childhood AML. Elsayed
et al.'"* and Wang et al.”” built models with exceptional pre-
dictive ability on the basis of RNA expression. However, gene
expression data is not easy to obtain and can be obscure to
clinicians. To the best of our knowledge, the CAMS-pAML
model includes the most comprehensive clinical predictors,
which are also simple to obtain.

Although with wide acceptance globally, both the 2012
and 2017 ELN prognostic systems failed to distinguish the
high- and intermediate-risk groups in the training set of
our study. This result may be attributed to the unquanti-
fied nature of the ELN risk stratifications. When multiple
prognostic factors co-exist, it is hard to evaluate the inter-
actions between these factors. Meanwhile, we found that the
prognosis of the high-risk group identified by the ELN prog-
nostic systems was not improved by HSCT, indicating our
model outperformed the ELN systems in identifying HSCT
candidates as well.

Notably, the clinical characteristics varied to a great ex-
tent between the training and validation sets, especially
on the cytogenetic and mutational profiles. Similar differ-
ences have been demonstrated by other large cohort stud-
ies of Chinese population as well. Chen et al.'® conducted a
comprehensive descriptive study on fusion genes of Chinese
paediatric AML and demonstrated higher occurrence of
RUNXI-RUNXITI but lower occurrence of CBFf-MYHII
and KMT2A gene abnormalities compared to Western re-
ports. More recently, other research found that FLT3, NPM1
and WTI mutations are seen less in Chinese paediatric
AML." These discrepancies might reflect different back-
grounds across ethnicities but verified the compatibility of
our model on the other hand.

In our study, cytogenetic and molecular aberrations re-
mained the most powerful predictors for childhood AML
prognosis. Previous publications reported similar prognos-
tic significance with -7/del(7q) and -5/del(5q) carrying the
poorest prognosis.'®'? Hasle et al.** reported HSCT could
not prolong the survival of patients with monosomy 7 or
del(7). More effective therapies are warranted for these pa-
tients. Although with lower incidence than adult, FLT3-ITD/
NPM1I status and CEBPA biallelic mutation also showed
significant impact on the survival of our cohorts. FLT3-
ITD was regarded as an adverse prognostic factor in both
National Comprehensive Cancer Network (NCCN) and
ELN risk stratifications, and many paediatric cohorts val-
idated its influence as well.*"** Despite the development
of FLT3-targeted therapy, such as midostaurin, sorafenib
and gilteritinib, the clinical use of these agents in children
is scarce due to toxicity and limited evidence.”*** HSCT is
thus recommended as consolidation therapy for patients
with FLT3-ITD. Little research has focussed on WT1 muta-
tion. Hollink et al.> reported that WT1 mutation could be
detected in ~12% of paediatric AML of normal cytogenetics

and is associated with FLT3-ITD. Survival analyses revealed
its poor prognostic significance with a lower survival rate
and higher relapse rate. Our research identified WT1 mu-
tation as an independent risk factor as well. More studies
are needed to further clarify its role in the clinical course of
childhood AML.

Core binding factor-AML is a special subtype of leukae-
mia, characterised by the presence of RUNXI-RUNXITI or
CBFB-MYHI1. CBF-AML accounts for 25%-30% of paediat-
ric AML and confers a favourable outcome. However, ~40%
of patients experience relapse, suggesting other factors in-
fluence the prognosis.”® Unlike in adult CBF-AML where
KIT mutation is considered to carry poor prognosis, this
phenomenon has not been observed in paediatric cohorts.
The rate and degree of minimal residual disease (MRD) re-
duction was believed to be the strongest prognostic factor,
which suggested risk stratification of CBF-AML should ad-
just in line with the response to treatment.””*®

Consolidation therapies mainly comprise chemotherapy
and HSCT, and currently selection for consolidation therapy
is determined based on risk stratification. Consistent with
previous studies, patients in the high-risk group identified
by our model could benefit from HSCT, which should be
conducted as soon as CR is achieved.*® For patients with in-
termediate risk, previous studies have shown higher OS and
EFS in patients who underwent HSCT, thus, they are recom-
mended to receive HSCT in first CR if they have a matched
family donor.’® Whereas HSCT only improved the EES but
not OS of the intermediate-risk group in our study, indicat-
ing the CAMS-pAML model may have better discriminative
ability in HSCT candidate selection. Therefore, whether
intermediate-risk patients identified by our model receive
HSCT may depend on personal situation, especially the re-
sponse to treatment and surveillance of MRD. In 2021, the
ELN updated the consensus on MRD assessment of AML,
emphasising its importance in treatment selection and dis-
ease surveillance.” More specifically, in patients with AML
carrying mutated NPM1, persistent MRD positivity at a cer-
tain level may trigger the decision to consider HSCT. This
strategy could help identify patients at high risk in the pre-
vious low- or intermediate-risk groups and prevent overt
relapse. But more research is needed in MRD assessment be-
fore implementing such dynamic risk stratification in AML.
Meanwhile, the prognosis of intermediate-risk patients
could be improved by adding targeted therapies to chemo-
therapy in the future.

With the development and clinical application of next-
generation sequencing (NGS), more predictors will be
discovered to make more precise risk stratification.*> For ex-
ample, Sasaki et al.”® found that the variant allele frequency
of ASXLI1, DNMT3A, JAK2, TET2, TP53, and NPMI1 muta-
tions significantly influenced OS of AML. Meanwhile, great
progress is being made in targeted therapies. Venetoclax has
been widely used due to its significant activity in adult AML
and ongoing trails also show a promising future for targeting
the BCL-2 pathway in paediatric patients.”* More emerging
agents targeting TP53, IDHI/2 mutations, CD47 pathway
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and many others are expected to bring the treatment of AML
to a new era.”

In conclusion, we propose a robust prognostic model
and risk stratification specifically for paediatric AML,
which we believe will contribute to modifying treatment
selection and help improve prognosis. With new tech-
niques like NGS more prognostic factors are expected to
refine the model.
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