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Abstract: FMS-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD) is one of the most common somatic
mutations in acute myeloid leukemia (AML). However, the molecular structure characteristics and widely accepted
prognostic factors for FLT3-ITD are still not well described. This study aimed to retrospectively examine 81 pa-
tients with FLT3-ITD-positive AML diagnosed and treated at the First Affiliated Hospital of Zhejiang University from
December 2013 to March 2018 using the next-generation sequencing 185-gene platform. High variant allele fre-
quency (VAF) [> 0.48, P = 0.0089 for overall survival (OS), P = 0.13 for relapse-free survival (RFS)], multiple ITDs
(> 1 ITDs, P = 0.011 for OS, P = 0.033 for RFS) and longer insertion length (> 69 bp, P = 0.14 for 0S, P = 0.0078
for RFS) predicted poor survival. The study further proposed an easily applicable scoring model for OS using the
Least Absolute Shrinkage and Selector Operation (LASSO) Cox regression model. Also, an independent cohort of 30
patients was used for external model validation. The mode was expressed as follows: 0.659 x FLT3-ITD VAF + 0.375
x FLT3-ITD number + 0.807 x Age + 0.688 x DNMT3A + 1.939 x U2AF1 (FLT3-ITD VAF > 0.48 scored 1; FLT3-ITD
number scored 1 if carried 1 ITD, 2 if carried > 2 ITDs; age > 44 years scored 1, the presence of DNMT3A or U2AF1
scored 1; O for other conditions). It categorized patients into low-risk (L-R, score < 1, n = 20) and high-risk (H-R, score
> 1, n = 61) groups based on the risk score with a significant difference in survival (3-year OS, P < 0.0001; 3-year
RFS, P = 0.0005). A prognostic nomogram that integrated these five factors was developed with a concordance
index calculation [0S: 0.68, 95% CI (0.64-0.72)].
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Introduction and much higher in patients with normal karyo-

type [4, 5]. Numerous studies have confirmed

Acute myeloid leukemia (AML) is a common
hematologic malighancy with strong heteroge-
neity and different cytogenetic and molecular
defects presenting with completely different
clinical properties and therapeutic response
[1-3]. The FMS-like tyrosine kinase 3 (FLT3)
gene encodes a receptor tyrosine kinase in-
volved in hematopoiesis. FLT3 internal tandem
duplication (FLT3-ITD) has been identified in
patients with AML since 1996. The frequency
of FLT3-ITD in adult AML [non-acute promye-
locytic leukemia (APL)] is approximately 20%

that the ITD mutations in AML are strongly re-
lated to shorter remission duration and poor-
er survival outcomes [6-8]. However, in clinical
practice, about 25% of patients with FLT3-ITD-
mutated AML could finally achieve favorable
prognosis, suggesting that some factors might
be involved in the clinical outcome of FLT3-ITD-
postive patients. Widely accepted prognostic
factors predicting the clinical outcome of newly
diagnosed FLT3-ITD-postive AML are still lack-
ing. Hence, the molecular characteristics of the
FLT3-ITD need to be studied, and more poten-
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tial prognostic markers need to be assessed
urgently.

Besides the age of onset, white blood cell
(WBC) count, and other clinical characteristics,
heterogeneous molecular structures of FLT3-
ITD may also be crucial in predicting prognosis.
Previous studies have observed different prog-
nostic roles of FLT3-ITD in the number, inser-
tion length, and insertion regions of ITD [9-11].
However, the variant allele frequency (VAF) cut-
off value for the Chinese population and the
mechanism by which the molecular character-
istics of ITD mutations impact the prognosis
are still controversial. Meanwhile, FLT3-ITD co-
mutations have important prognostic signifi-
cance, which may even change the treatment
decisions. In the opinion of the European
Leukemia Net (ELN), NPM1-mutated AML with
an FLT3-ITD allele ratio (AR) < 0.5 (low AR) has
a favorable prognosis, and allogeneic-hemato-
poietic stem cell transplant (allo-HSCT) in the
first complete remission (CR1) period is not
strongly recommended [12]. Also, FLT3-ITD-
positive patients with DNMT3A may suffer from
poor outcomes [13, 14]. More co-mutations
with prognostic significance remain to be dis-
covered in this specific subgroup.

FLT3-ITD sequencing was widely applied in the
diagnosis and classification of patients with de
novo AML. In recent years, next-generation se-
quencing (NGS) has been used in genomic and
epigenetic research with the advantages of
high throughput, high sensitivity, and high sta-
bility. However, still no uniform statement is
available on how to precisely identify the risk
stratification of patients with FLT3-ITD. The
present study were conducted with 81 pati-
ents with FLT3-ITD-positive AML having inter-
mediate-risk cytogenetics to explore the char-
acteristics and assess more potential prognos-
tic markers. In the meantime, an easily appli-
cable scoring model was proposed for overall
survival (0S) in patients with newly diagnosed
FLT3-ITD-positive AML.

Methods
Subjects

This study included 81 patients diagnosed
between December 2013 and March 2018
and treated at the First Affiliated Hospital of
Zhejiang University (Figure 1). All patients were
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FLT3-ITD-postive with intermediate-risk cyto-
genetic. Most of them (97.5%, 79/81) had de
novo AML, and 2.5% (2/81) had mixed-pheno-
type acute leukemia (MPAL). APL and second-
ary AML were excluded. Patients who died be-
fore induction or receiving nonstandard dose
induction therapies were also excluded. Thirty
patients from Changhai Hospital with the sa-
me enrollment criteria were used for external
model validation. AML was diagnosed accord-
ing to the 2016 revision World Health Or-
ganization classification of myeloid neoplasms
and acute leukemia [15]. Cytogenetic risks we-
re classified based on the National Compre-
hensive Cancer Network Guidelines Version
3.2018 [16]. Written consents were obtained
from all patients following the Declaration of
Helsinki, and the study was approved by the
ethics committee of the First Affiliated Hospital
of Zhejiang University.

Treatments

Of the 81 patients, 88.9% (72/81) were treat-
ed with IA 3+7 regimen (idarubicin 10 mg/m?
for 3 days plus cytarabine (Ara-C) 100 mg/m?
for 7 days), and 11.1% (9/81) with HAA regi-
men (homoharringtonine 2 mg/m?, Ara-C 100
mg/m? and aclarubicin 20 mg/d for 7 days).
Patients who failed to achieve complete re-
mission (CR) after first induction therapy were
treated by re-induction (same regimen if partial
remission (PR) after the first cycle and crossed
regimen if no remission). Consolidation chemo-
therapy comprised at least two cycles of high-
dose cytarabine (Ara-C 2.0 g/m?, every ql12h
for 3 days), and patients with a suitable donor
underwent allogeneic-hematopoietic stem cell
transplantation (allo-HSCT). FLT3-specific tyro-
sine kinase inhibitors-sorafenib was applied to
19 patients with refractory/recurrent disease.

NGS experiments design and methods

NGS was performed in all 81 patients using a
panel of 185 genes, which covered all the mu-
tation hotspots of acute leukemia, myelodys-
plastic syndromeand myeloproliferative neo-
plasms (Supplementary Table 1). The gene chip
was provided by Acornmed Biotechnology Co.,
Ltd. Genomic DNAs were extracted from mono-
nuclear cells isolated by Ficoll gradient centri-
fugation from bone marrow (BM) samples at
primary diagnosis using a DNeasy 96 Blood &
Tissue Kit (Qiagen, Hilden, Germany). Gene lib-
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Figure 1. Patient enroliment and treatment response.

rary amplification was performed using a KAPA
Library Amplification Kit (KAPA, MA, USA). Ro-
che NimbleGen kit (Roche, Basel, Switzerland)
was used to capture the target region. The
hybridized captured samples were sequenced
using NovaSeq 6000 PE150.

Preprocessing of raw sequencing data and
quality control statistics were performed using
an indigenous QC program. Reads were align-
ed to the hgl9 version of the human geno-
me using a Burrows-Wheeler Alignment tool
(BWA, version 0.7.12). Polymerase chain reac-
tion (PCR) duplicates were marked using the
MarkDuplicates tool in Picard. IndelRealigner
and BaseRecalibrator on Genome Analysis
Toolkit (GATK, version 3.8) were used to con-
duct realignment and recalibration of the BWA
alignment results, respectively. Mutect2 was
used for identifying paired-sample variant call-
ing of SNV and INDEL. Candidate variations
were obtained through background database
filtering of normal samples. Pindel (version
0.2.4) [17] was used for detecting FLT3-ITD.
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FLT3-ITD quantitative analysis was performed
by using in-house tools. The quantitative re-
sults were also compared with electrophero-
gram to ensure the reliability of NGS. All the
variants were annotated using ANNOVAR soft-
ware [18].

Multiplexed libraries were sequenced using
150-bp paired-end runs on an Illumina Nova-
seq. The following criteria were used to filter
raw variant results so as to ensure the quality
of data: average effective sequencing depth
on target per sample = 1000 x; allele muta-
tion frequency > 1% for single-nucleotide va-
riation and insertion or deletion; all reads fil-
tered with high mapping quality (= 30) and
base quality (= 30); and the mutant reads
supported by positive and negative strands.
Further, synonymous variants, as well as sin-
gle nucleotide polymorphisms (SNPs) reported
in the 1000 Genomes Project database (Oc-
tober 2014 release) at a population frequency
> 1% or the in-house SNP databases, were ex-
cluded.
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Table 1. Characteristics of 81 AML patients
with FLT3-ITD mutations

0

Variable M'\:el:jri];tr)we(rr;ﬁg;/e)
Sex

Male 42 (51.9)

Female 39 (48.1)
Age, years, median (range) 50 (13-70)

> 60 years 19 (23.5)
WBC, 10°%/L 60.4 (1.3-411.6)

> 100 x 10°%/L 30 (37.0)
Hb, g/L 85 (38-141)
PLT, 10%/L 46 (7-241)
LDH, U/L 668 (164-2515)

> 245 70 (86.4)
Bone marrow blasts, % 78.0 (20.5-97.0)
ECOG

0 21 (25.9)

1 43 (53.1)

2 17 (21.0)
FAB

MO 2 (2.5)

M1 13 (16.0)

M2 33 (40.7)

M4 5(6.2)

M5 25 (30.9)

M6 1(1.2)

MPAL 2(2.5)
Karyotype

Normal karyotype 73 (90.1)

Others 8(9.9)
HSCT 20 (24.7)
Sorafenib 19 (23.5)

WBC, white blood cell count; Hb, Hemoglobin; PLT, plate-
let count; LDH, lactate dehydrogenase; ECOG, Eastern
Cooperative Oncology Group; FAB, morphology according
to French-American-British classification; MPAL, mixed
phenotype acute leukemia; HSCT, Hematopoietic stem
cell transplantation.

Definition of clinical end points

CR was defined as less than 5% BM blasts and
showing normal maturation of all cell lineages,
no blast in the peripheral blood, absolute neu-
trophil count > 1.0 x 10E%/L, platelet count >
100 x 10E°/L, and no extramedullary leuke-
mia. Early death referred to all causes of death
within 30 days from the first day of induction
chemotherapy. Relapse was defined as more
than 5% blasts in the BM, reappearance of
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blasts in the peripheral blood, or extramedul-
lary leukemia in patients with previously docu-
mented CR. OS was defined as the time from
diagnosis to death or last follow-up. Relapse-
free survival (RFS) was defined as the time
from first CR to relapse, censoring at death in
CR, or last follow-up. Patients were last fol-
lowed up on February 12, 2019.

Statistical analysis

Data analysis was performed with SPSS (Ver-
sion 25) and R (version 3.6.3). Differences in
continuous variables were analyzed using the
Mann-Whitney U test, and categorical variables
were compared using the chi-square test or
Fisher’s exact test. OS and RFS probabilities
were estimated using the Kaplan-Meier surviv-
al analysis, and the differences in survival
curves were compared using the log-rank test.
Cox proportional hazards models were used
to assess the clinical variables with survival.
Factors for univariate analysis included: clinical
characteristics [sex, age (44 years)], laboratory
characteristics [white blood cells (median 60.4
x 10°/L), hemoglobin (median 85 g/I), platelet
count (median 46 x 10°/L), lactate dehydroge-
nase level (median 886 U/L), BM blasts (medi-
an 78%)], molecular characteristics of FLT3-ITD
[FLT3-ITD-VAF (0.48%), FLT3-ITD number (1 or
more than 1), length (69 bp), location (JM/
betal-sheet/other domains)], and co-muta-
tions detected in more than three patients. A
statistical significance level of 0.1 in the uni-
variate analysis was used to select variables
in the risk score system. The least Absolute
Shrinkage and Selector Operation (LASSO) Cox
regression model was used for variable selec-
tion and predictive prognostic model construc-
tion. A two-tailed P < 0.05 indicated a statisti-
cally significant difference.

Results

Clinical characteristics of the FLT3-ITD-positive
patients

The median age of the patients was 50 (13-
70) years, 51.9% (42/81) were men. The FLT3-
ITD mutation was seen in all French-Ameri-
can-British classification system (FAB) sub-
groups of AML except M7, and also seen in
Mixed Phenotypic Acute Leukemia (MPAL). It
was most common in M2 (40.7%, 33/81), fol-
lowed by M5 (30.9%, 25/81). The presentation
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Figure 2. Mutational landscape in 81 patients with FLT3-ITD-positive AML.
(Each row represents stated gene; each column represents a patient; the
right side of the graph annotates the frequency and number of the gene; the
upper histogram showed the number of gene mutations per patient; differ-
ent colors below the graph represent different mutation patterns).

(median 78.0%, range 20.5-
97.0%). Among the 81 inter-
mediate-risk cytogenetic pa-
tients, 90.1% (73/81) pati-
ents had normal karyotypes,
and 7.4% (6/81) patients had
+8 chromosomes. CR was
achieved in 60.5% (49/81)
patients, and 40.8% (20/49)
patients relapsed after CR.
No difference in the CR rate
was found between the IA
and HAA group (P = 1.000).
Early deaths occurred in
12.3% (10/81) patients. The
median follow-up duration
was 9.5 (0.3-57.5) months
for all patients and 22.6
(0.8-57.5) months for the sur-
viving ones. The median OS
was 11.4 (95% Cl: 7.8-15.0)
months, while the median
RFS rate was not reached.
The 3-year 0OS rate was
28.4% + 6.0%, and the 3-
year RFS rate was 57.8% %
8.0%. Further, 40.8% (20/49)
patients underwent HSCT in
CR1, displaying significantly
superior outcomes compar-
ed with those who did not
undergo HSCT (0S P = 0.002,
RFS P = 0.015). The details
of the patients are summa-
rized in Table 1.

Mutational landscape of
FLT3-ITD-positive patients

Thirty-seven different mutant
genes were detected in the
81 patients, and the details
of mutations are presented
in Figure 2. The top five com-
mon concomitant mutations
were NPM1 (55.6%), DNMT3A
(32.1%), WT1 (17.3%), IDH2
(16.0%), and RUNX1 (16.0%).
The median number of co-
mutant genes was 4 (0-10),
but the number of mutations

of ITD was related to younger age (76.5% pati- did not affect the OS and RFS (both P > 0.05).
ents were aged less than 60 years), high WBC Also, the genes were categorized by function,
count (median 60.4 x 10E%/L, 37.0% of 100 x revealing that methylation-related genes (in-
10E°/L) and high percentage of BM blasts cluding DNA methylation and histone me-
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Table 2. Molecular characteristics of the
FLT3-ITDs

0,

Variable M,i%?;?we(l;;r/i)g/e)
FLT3-ITD VAF

median 0.46

range 0.05-0.83
Insertion length (bp)

median 51

range 18-207
Insertion number

1 66 (81.5)

2 13 (16.0)

3 2(2.5)
Insertion region

JM-B 2 (2.5)

JM-S 6 (7.4)

IM-Z 43 (53.1)

HR 10 (12.3)

Betal-sheet of TKD1 9(11.1)

Other domains 11 (13.6)

FLT3-ITD, fms-like tyrosine kinase internal tandem
duplication; VAF, variant allele frequency (VAF was
calculated as mutant/total reads based on the sum of
all ITD clones); JM-B, juxtamembrane domain-binding
motif; JM-S, juxtamembrane domain-switch motif; JM-Z,
juxtamembrane domain-zipper motif; HR, hinge region;
TKD1, tyrosine kinase domains 1.

thylation, 37.6%), chromatin modifying genes
(11.3%), and transcription factor genes (11.3%)
were the most common. The gene association
analysis was performed for genes detected
in more than three patients, showing interest-
ing coexistence and mutual exclusion relation-
ships (Supplementary Figure 1). For example,
NPM1-DNMT3A and NPM1-IDH2 tended to ap-
pear together (P =0.00000; P = 0.005, respec-
tively), while NPM1-WT1 and NPM1-RUNX1 ap-
peared to be mutually exclusive (P = 0.00008;
P =0.0014, respectively).

Molecular characteristics of the FLT3-ITD

The molecular structure characteristics of the
FLT3-ITD are summarized in Table 2. The 0S
and RFS according to different molecular char-
acteristics of ITD are shown in Figure 3. For
patients with multiple ITDs, ITD with the high-
est VAF was regarded as the predominant mu-
tation; the analysis of the characteristics of
these patients was based on the predominant
ITDs. The cutoff for VAF 0.48 and length 69 bp
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were established by using the ROC curve for
maximum OS and RFS difference, respectively.

FLT3-ITD mutation VAF: VAF was calculated as
mutant/total reads based on the sum of all
ITD clones. The patients’ median VAF was 0.46
(0.05-0.8). According to the NCCN guidelines
for AML, the VAF cutoff value of FLT3-ITD muta-
tion between different stages of prognosis was
0.33. However, in the present study, 0.33 was
not confirmed as the suitable cutoff value with
or without considering the NPM1 mutation sta-
tus (OS and RFS P > 0.05). Instead, patients
with VAF > 0.48 had worse OS (P = 0.0089 for
0S, P =0.13 for RFS).

FLT3-ITD mutation number: Among 81 pati-
ents, 81.5% (66/81) carried 1 ITD, 16.0% (13/
81) carried 2 ITDs, and only 2.5% (2/81) carri-
ed 3 ITDs. The number of ITDs was significant-
ly related to prognosis. Patients with multiple
ITDs were found to have worse clinical out-
comes (P = 0.011 for OS, P = 0.033 for RFS).

FLT3-ITD mutation length: The median length
of the insertion fragments was 51 (18-207)
bp. Patients were grouped according to ITD
size less or more than 69 bp, the longer the
insertion (> 69 bp) the worse the RFS of the
patient (P = 0.0078), but not the OS (P = 0.14).

FLT3-ITD mutation insertion region: ITD inte-
gration sites were categorized according to
different functional regions of FLT3. In most
patients (75.3%, 61/81), the ITD fragments
were inserted in the juxtamembrane domain
(JMD), containing JMD-binding motif (2.5%,
2/81), JMD switch motif (7.4%, 6/81), JMD-
zipper motif (563.1%, 43/81), and hinge region
(12.3%, 10/81). The other fragments were lo-
calized in the betal-sheet of tyrosine kinase
domain 1 (TKD1) (11.1%, 9/81) and other
domains (13.6%, 11/81). No significantly prog-
nostic differences were observed in JMD and
other regions (P = 0.77 for OS, P = 0.78 for
RFS).

Prognostic scoring model and nomogram con-
struction

Prognostic factors with P < 0.1 in the univari-
ate analysis were used to build the risk score
system; the results of univariate analysis are
listed in Supplementary Table 2. Five variables
were incorporated in our scoring model using

Am J Cancer Res 2020;10(12):4527-4537
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Figure 3. OS and RFS in the entire patient group according to different molecular characteristics of FLT3-ITD. A. Mutation VAF; B. Mutation number; C. Mutation
length; D. Mutation insertion site.
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Table 3. Comparison of basic characteristics
of patients in the experimental cohort and
the verification cohort

Experimental Verification

Factor cohort cohort P value
Number, n 81 30
Age, years 50 43 0.19
Sex 0.64
Male 42 (52%) 14 (47%)
Female 39 (48%) 16 (53%)
BM blasts, % 78 68.5 0.69
WBC, 10°%/L 60.4 17.37 0.004
HB, g/L 85 87 0.70
PLT, 10°/L 46 68 0.014
HSCT 20 (25%) 11 (37%) 0.15

LASSO. A risk scoring model was developed
incorporating the weighted coefficients of the-
se variables: 0.659 x FLT3-ITD VAF + 0.375 x
FLT3-ITD number + 0.807 x Age + 0.688 x
DNMT3A + 1.939 x U2AF1 (FLT3-ITD VAF >
0.48 scored 1; FLT3-ITD number scored 1 if
carried 1 ITD, 2 if carried > 2 ITDs; age > 44
years scored 1, the presence of DNMT3A or
U2AF1 scored 1; O for other conditions). Pa-
tients with FLT3-ITD-positive AML were cate-
gorized into two subgroups based on the risk
score: low-risk (L-R, score < 1, n = 20) and high
risk (H-R, score > 1, n = 61) groups. The 3-year
0S for the L-R and H-R groups was 73.8%
10.2% and 12.8% = 5.5%, respectively (P
0.0001), while the 3-year RFS was 92.3%
7.4% and 35.5% * 10.5%, respectively (P
0.0005) (Supplementary Figure 2A, 2B). Simi-
lar results were obtained in the validation
cohort of 30 patients (L-R, n =10 and H-R, n =
20; 3-year 0OS 80.0% + 12.6% vs. 25.4% +
10.3%, P = 0.01) (Supplementary Figure 2C).
A comparison of the basic characteristics of
patients in the experimental cohort and the
validation cohorts is shown in Table 3.

n+ A+

A prognostic nomogram that integrated all the
five significantly independent factors from the
LASSO Cox regression model was constructed
(Figure 4). The predictive accuracy for OS in
the experimental cohort as evaluated using
the C-index was 0.68 (95% Cl, 0.64-0.72). The
calibration curves for predicting patient OS
after 3 years showed a good correlation bet-
ween the nomogram-predicted and actually

observed values (Supplementary Figure 3A,
3B). The nomogram was externally confirmed
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in the validation cohort. The C-index of the va-
lidation cohort was 0.72 (95% CI, 0.60-0.84)

(Supplementary Figure 3C, 3D).

Discussion

This study analyzed the gene distribution of
patients with FLT3-ITD having intermediate-
risk cytogenetic using the NGS platform. It
concluded that Chinese patients with FLT3-ITD
had many coexisting gene mutations, and the
interaction was very complicated. Meanwhile,
the study explored the structural characteris-
tics of FLT3-ITD and found that VAF > 0.48,
length of the insertion fragments > 69 bp, and
the number of ITDs > 1 had significant effects
on prognosis. Since multiple factors could
affect the prognosis, the present study was
novel in proposing a scoring model combining
clinical features, structural features, and gene
mutations of FLT3-ITD-positive patients to pre-
dict outcomes. The databases from this stu-
dy might help in further investigating the risk
stratification and prognostic prediction among
patients with intermediate-risk cytogenetic
AML.

This study analyzed the gene expression of
the 81 patients with de novo AML by target
sequencing and discovered that most of the
co-mutations clustered in methylation-related
genes, chromatin-modifying genes and tran-
scription factor genes. NPM1, DNMT3A, and
WT1 mutations were the most common, while
mutations such as TP53, JAK, and RAS were
rare. The distribution was similar to other re-
ported genomic and epigenetic landscapes of
de novo AML in adult patients; however, NPM1
and DNMT3A mutations were more frequently
identified in the present study [19, 20].

Several studies showed controversial prognos-
tic effects of the molecular trait of ITD. Some
previously published studies have shown that
VAF (ranging from 0.3 to 0.6) was the key prog-
nostic factor [11, 21-23]. The present study
proved that VAF 0.33 (AR 0.5) was not the prog-
nostic cutoff value for Chinese patients, but
VAF 0.48 might be. This was probably due to
the heterogeneity of the patients, difference in
treatment approaches, and the effect of co-
mutations. Similarly, Kim et al. proved that ITD
length greater than 70 bp was significantly
associated with inferior OS and EFS [21]. Chen
et al. suggested that patients with longer ITDs
(> 60 bp) had a worse OS and RFS [24]. On the
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Figure 4. Nomogram for patients with newly diagnosed FLT3-ITD-positive
AML. An individual’s value is located on each variable axis, and a line is drawn
upward to determine the points received for each variable (corresponding
points for each variable: FLT3-ITD VAF > 0.48, 31; FLT3-ITD number > 1, 20;
age > 44 years, 41; the present of DNMT3A, 32; the present of U2AF1, 100).
The sum of these points is located on the total point axis, and a line is drawn
downward to the survival axes to determine the likelihood of 1, 3, or 5-year

overall survival.

contrary, some studies had the opposite con-
clusion; they found better survival in the long-
ITD (> 70 bp) subgroup. In terms of the ITD
mutation number, some studies supported the
view that multiple ITDs had a poor prognosis,
but some others found no prognostic differ-
ence in the number change [25]. Like most
studies, the present study did not find a prog-
nostic impact at different ITD locations. How-
ever, Kayser et al. believed that the insertion of
FLT3-ITD in the tyrosine kinase domain-1 was
associated with resistance to chemotherapy
and poor outcomes [26], and Liu et al. suggest-
ed that the ITD integration site in the hinge
region or betal-sheet region was an unfavor-
able prognostic factor [11]. It is believed that
the relationship between the molecular struc-
ture characteristics of ITD and prognosis will
be further clarified with the application of NGS
and more detailed results.

Less information is available to date for strati-
fying the risks and predicting the prognosis of
patients with FLT3-ITD. In this study, a novel
scoring model was established to distinguish
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This study had some limi-
tations. First, induction and
consolidation regimens could
not be completely unified due
to the retrospective nature
of the study. Second, the to-
tal number of patients in the
experimental cohort was only
81, and the sample size was
small, despite including a ver-
ification cohort. Hence, stud-
ies with a larger sample size are required to
verify the new model further.

In this study, multi-gene sequencing and com-
prehensive prognostic analysis were perform-
ed for ITD-positive Chinese patients. These
findings not only provided important informa-
tion on the molecular structure characteristics
of ITD but also revealed a novel scoring model
that could stratify patients into two subgroups
with distinct clinical outcomes.
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Supplementary Table 1. 185 gene panel

ABL1
BRAF
CSF3R
ETNK1
GATA2
IKZF1
KMT2A (MLL)
NPM1
PTPN11
SRP72
TET2
ABCB1
ASNS
BCL6
CD79A
CREBBP
CYP2B6
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DOK5
FAT1
GSTM1
KDM5C
MACF1
MYC
NUMB
PNPLA3
RPL10
SLC22A1
S0S1
STATSB
UGT1A8

ASXL1
BTK
DDX41
ETV6
GATA3
IL7R
KRAS
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RB1
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TP53
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ASXL2
BCORL1
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Supplementary Figure 1. Circos diagram and gene association diagram in 81 patients.



A prognostic model for FLT3-ITD-positive AML

Supplementary Table 2. Cox univariate analysis for overall survival in 81 patients

Factor HR Low 95% Up 95% P value
AGE (44 years) 2.51 1.45 4.32 0.002
SEX 0.60 0.35 1.03 0.063
WBC (median 60.4 * 10°/L) 1.28 0.74 2.21 0.366
HB (median 85 g/I) 0.92 0.54 1.59 0.768
PLT (median 46 * 10°%/L) 0.83 0.48 1.43 0.502
LDH (median 886 U/L) 1.15 0.66 2.02 0.621
BM BLAST (median 78%) 1.20 0.70 2.08 0.499
FLT3_ITD_VAF (0.48%) 212 1.05 4.26 0.009
FLT3_ITD_num (1 or more than 1) 2.23 0.96 5.16 0.011
Length (69 bp) 1.58 0.79 3.16 0.140
Location (JM/betal-sheet/other) 1.13 0.51 2.54 0.773
DNMT3A 2.39 1.26 4.53 0.001
ALK 3.57 0.43 29.42 0.020
CSF3R 0.00 0.00 0.00 0.035
U2AF1 3.98 0.26 61.40 0.036
SRCAP 2.14 0.67 6.89 0.071
SETD2 0.20 0.08 0.51 0.071
USH2A 1.83 0.67 5.03 0.128
SF3B1 0.24 0.09 0.69 0.128
NRAS 0.42 0.19 0.96 0.135
MACF1 0.25 0.09 0.71 0.136
ARID1B 1.85 0.56 6.13 0.181
FLT3 1.57 0.70 3.51 0.193
ECOG 1.42 0.76 2.65 0.199
TET2 1.52 0.66 3.50 0.247
IDH2 0.63 0.32 1.25 0.255
BCORL1 0.34 0.10 1.15 0.267
RUNX1 0.64 0.31 1.31 0.291
NPM1 1.33 0.77 2.29 0.307
CEBPA 0.60 0.26 1.39 0.325
ATRX 0.54 0.19 1.60 0.390
NF1 0.56 0.19 1.67 0.416
TNFAIP3 1.57 0.38 6.55 0.445
GATA2 1.46 0.37 5.81 0.522
PCLO 0.78 0.31 1.95 0.627
KMT2D 1.19 0.51 2.79 0.663
PTPN11 1.22 0.40 3.73 0.694
CCDC168 0.89 0.39 2.01 0.789
IDH1 0.88 0.33 2.30 0.799
ANKRD26 0.89 0.29 2.67 0.837
KDM6B 1.12 0.33 3.82 0.848
DNAH2 0.90 0.30 2.72 0.854
TPMT 1.12 0.25 4.99 0.871
EP300 0.91 0.23 3.51 0.893
WT1 0.96 0.48 1.89 0.898
PCLO 1.06 0.37 3.02 0.910
KMT2C 0.97 0.31 3.08 0.965
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Supplementary Figure 2. OS and RFS in different risk groups according to the novel scoring model. A. OS in the

experimental cohort. B. RFS in the experimental cohort. C. OS in validation cohort.
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