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1 |  INTRODUCTION

Acute myeloid leukemia (AML) with t(8;21)
(q22;q22.1)/RUNX1-RUNX1  T1 is categorized as an 

individual disease entity in the World Health Organization 
(WHO) classification of myeloid neoplasms and acute leu-
kemia.1 Compared with other cytogenetic subtypes, t(8;21) 
AML has relatively superior survival. However, there is still 
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Abstract
High-dose cytarabine (Ara-C) has been reported with increased treatment-related 
mortality, whereas few data are available concerning intermediate-dose Ara-C for 
induction of acute myeloid leukemia (AML) with t(8;21) translocation. We retrospec-
tively analyzed factors impacting complete remission (CR), event-free survival (EFS), 
cumulative incidence of relapse (CIR), and overall survival (OS) in 197 adults with 
t(8;21) AML, of whom 107 cases were induced with intermediate-dose and 90 with 
standard-dose Ara-C (as part of 3 + 7 protocol). After a single induction course, the 
overall CR rate was 87.6% (170/194), with a significant difference between the stand-
ard-dose (83/105, 79.0%) and intermediate-dose (87/89, 97.8%) groups (p < 0.001). 
Rather than general KITmut, the specific KIT-D816 independently led to a lower prob-
ability of achieving CR (HR = 3.29 [1.18–9.24], p = 0.023), worse EFS (HR = 3.53 
[1.82–6.84], p < 0.001), and OS (HR = 5.45 [1.77–16.84], p = 0.003) in the standard-
dose group, but not in the intermediate-dose group. CD19(+) represented the only 
independent factor predicting lower CIR both in the standard-dose group (HR = 0.32 
[0.10–1.00], p = 0.050) and in the intermediate-dose group (HR = 0.11 [0.03–0.40], 
p = 0.001). When combined, KIT(+) plus CD19(−) conferred the most increased re-
lapse risk (3-year CIR 60%; SE 0.12). Specific KIT-D816, instead of general KITmut, 
may be incorporated in prognostication model for t(8;21) AML. Combination of 
CD19 with KIT provides a more definite risk stratification profile for t(8;21) AML.
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considerable clinical heterogeneity in this AML subtype, as 
indicated by a relapse rate up to 40% and probability of over-
all survival (OS) between 40% and 60%.2–6

Most of the previous reports focused on the effect of cyto-
genetics on clinical outcomes of t(8;21) AML. The prognostic 
significance of commonly occurring additional cytogenetic ab-
errations has been described with inconsistent or even inverse 
conclusions. For instance, loss of a sex chromosome,3,7 addi-
tional del(9q),8,9 additional +4,10,11 and additional three or more 
chromosomal abnormalities12,13 have been variedly reported.

Emerging investigations have identified large numbers 
of significative mutations potentially holding leukemogenic 
interplay with oncofusion proteins. KIT mutations (KITmut) 
had been the most largely studied, but its prognostic sig-
nificance has been variedly described with somewhat con-
troversial conclusions. The latest National Comprehensive 
Cancer Network (NCCN) guidelines14 categorized t(8;21) 
AML with KITmut as an intermediate risk,14 while the 2017 
European LeukemiaNet (ELN) Recommendations classified 
t(8;21) AML as a favorable risk regardless of KIT mutational 
status.15

Immunophenotypically, t(8;21) AML has been demon-
strated as exhibiting unique antigenic features, which is char-
acterized by aberrant expression of cross-lineage CD19 and 
CD56.16,17 The B-cell marker CD19 in t(8;21) AML is also 
associated with negativity for KIT mutation,18 and shows 
a prognostic relevance with relapse even in patient subsets 
without the KIT exon 17 mutation.9,19,20 However, molecular 
genetic information was not or less integrated into analyses 
of these studies.

Repeated cycles of high-dose cytarabine (Ara-C) as 
post-remission treatment can improve prognosis in t(8;21) 
AML.21 We wonder whether a dosage of Ara-C above stan-
dard-dose level in induction may benefit clinical outcome for 
this AML subtype. According to a review regarding dose–
efficacy relationship, a level of intermediate-dose Ara-C in 
each treatment cycle in AML is enough, while high-dose 
Ara-C seems to make no sense.22 Since high-dose Ara-C may 
increase the risk of induced toxicity,23 we did not consider 
the use of high-dose Ara-C to induce AML in our regimen 
design. Most of the earlier studies did not comprehensively 
integrate the genomics-based prognostication scheme, resul-
tantly the conclusions could not reflect the concept of risk-
adapted therapy using high-dose Ara-C.

In this study, we performed a retrospective analysis to 
evaluate the clinical outcomes of patients with t(8;21) AML 
integrating the traditional clinicopathological and genomic 
features, as well as including standard-dose Ara-C 100–
200 mg/m2 and intermediate-dose Ara-C 1000–2000 mg/m2 
induction as covariates. We aimed to optimize treatment op-
tions in the context of induction modalities containing differ-
ent intensities of Ara-C from this relatively favorable AML 
subtype.

2 |  PATIENTS AND METHODS

2.1 | Study population

A total of 244 newly diagnosed patients with t(8;21) AML 
from our institute and Shengjing Hospital of China Medical 
University from August 2014 to March 2019 were included 
in this study. Among them, 197 cases were eligible for this 
study due to the availability of cytogenetic data and had com-
pleted at least one course of post-remission consolidation for 
those having reached a CR. A flow chart for the study cohort 
of t(8;21) AML patients is shown in Figure 1.

2.2 | Clinicopathological work-ups

Patients' routine MICM work-ups were carried out and diag-
nosis was established according to the 2008 WHO criteria.24 
Bone marrow aspirates from t(8;21) AML patients admit-
ted at our and cooperating hospitals were analyzed by the 
8-color multiparameter flow cytometry for a leukemia-asso-
ciated phenotype, as described in our previous study.25 The 
presence of t(8;21) translocations was mostly determined by 
conventional karyotyping, and confirmed by fluorescence in 
situ hybridization and/or reverse transcription polymerase 
chain reaction detecting RUNX1-RUNX1 T1 fusion genes or 
transcripts. This study was conducted in accordance with the 
Declaration of Helsinki and the protocol was approved by the 
Institutional Review Boards of all participating institutions. 
All patients provided written informed consent for receiving 
therapies and using their records.

2.3 | Next-generation sequencing (NGS)

Massively parallel sequencing was performed on MiSeq/
HiSeq (Illumina) or Ion torrent PGM™ (Life Technologies) 
platforms. A custom-designed panel of oligonucleotide 
probe was made to capture the exons of 112 potentially mu-
tated genes involved in hematological diseases as previously 
reported.25 Sequencing reads in FASTQ format were aligned 
to the human reference genome (GRCh38) using Burrows-
Wheeler Aligner (BWA, v0.6) and SAMtools algorithm. 
Variant callings for somatic alterations, including single nu-
cleotide variants (SNVs) and short fragment indels in protein 
coding sequence (CDS), were analyzed using multiple pipe-
lines (Ion Reporter™ and Variant Reporter) and annotated 
referencing to the dbSNP (Single Nucleotide Polymorphism 
database), 1000 Genomes, PolyPhen-2, and COSMIC 
(Catalogue Of Somatic Mutations In Cancer) databases. 
Additionally, the PCR followed by direct sequencing was 
also performed to detect FLT3-ITD, NPM1, and CEBPA for 
their potential complex indels as previously described.26–28
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2.4 | Induction and consolidation treatment

Patients eligible for response and outcome analyses were in-
duced with either standard- or intermediate-dose Ara-C con-
taining regimen as follows: (i) standard-dose Ara-C group 
consisted of Ara-C 100–200 mg/m2 given by continuous IV 
over 24 h on days 1–7, plus daunorubicin 60 mg/m2 or ida-
rubicin 12  mg/m2 rapid IV on days 1–3; (ii) intermediate-
dose Ara-C group consisted of Ara-C 1000–2000  mg/m2 
IV over 2 h per 12 h on days 5–7, with Ara-C on days 1–4 
and daunorubicin/idarubicin at the same dose and schedule 
as standard-dose group. BM response assessment was per-
formed between day 21 and day 28 after induction when pe-
ripheral blood (PB) counts recovered. When no PB recovery 
was noticed or leukemic blasts persisted or reappeared in PB, 

the response assessment was postponed not later than day 35 
after induction. Patients obtaining a complete remission (CR) 
or CR with incomplete hematologic recovery (CRi) received 
consolidation chemotherapies based on: (i) high-dose single-
agent Ara-C 3000 mg/m2 given by 3-hour IV per 12 h on days 
1, 3, and 5; or (ii) intermediate-dose Ara-C 1500–2000 mg/
m2 per 12 h for 4 days, with or without an anthracycline as 
above.

2.5 | Clinical endpoints and definitions

The probability of achieving CR after a single course, cumu-
lative incidence of relapse (CIR), event-free survival (EFS), 
and OS was evaluated. The CIR was calculated from CR date 

F I G U R E  1  Flowchart of t(8;21) AML patient selection for outcome analysis. Ultimately, available data on the final cohort of 197 patients are 
included in the response and survival evaluation; AML, acute myeloid leukemia; SD-Ara-C, standard-dose Ara-C; ID-Ara-C, intermediate-dose 
Ara-C; ED, early death; CR, complete remission; PR, partial remission; NR, no remission; Allo-SCT, allogeneic stem cell transplantation; EFS, 
event-free survival; OS, overall survival; CIR, cumulative incidence of relapse
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to relapse date, with death from any cause in the absence of 
relapse as a competing event. Definitions of other endpoints 
(i.e., CR, CRi, EFS, and OS) are according to response crite-
ria of the 2017 ELN Recommendations on AML.15 Because 
regimens containing higher doses of Ara-C are generally 
considered as an optimal option for patients not responding 
to a first cycle of standard-dose Ara-C, the intensive inter-
mediate-dose Ara-C induction is more likely to well iden-
tify primary resistance. To ensure the comparability between 
subgroups, in the present study, we evaluated the response 
after a single induction course instead of one or two courses. 
Patients who underwent allogeneic stem cell transplantation 
(allo-SCT) were censored from survival analysis on the date 
of transplantation. Among patients who achieved a CR/CRi, 
only those who had received at least one cycle of post-re-
mission consolidation were included in the outcome analy-
sis. This was a retrospective study without randomization to 
standard- versus intermediate-dose induction.

2.6 | Statistical analysis

Median values (range) were presented for non-normally 
distributed continuous data, on which non-parametric 
Mann-Whitney U test was done for analysis. Frequencies 
were compared by Chi-square test for categorical variables 
after cross-tabulation. Continuous variables were dichoto-
mously transformed when divided near their median values. 
Probabilities of survival outcome were estimated using the 
Kaplan-Meier method, and compared by Log-rank test be-
tween groups. Exceptionally, the CIR was compared using 
Fine and Gray model. Comparisons between groups accord-
ing to clinicopathological parameters were also layered by 
induction intensity, and vice versa. Factors that fulfilled the 
prespecified assumption with P-values <0.15 from univari-
ate analyses were further included as covariates in multi-
variate logistic or Cox regression model. All statistical tests 
were two-sided and P-values < 0.05 were considered signifi-
cant. Statistical analyses were performed using IBM SPSS 
Statistics 25 for Windows and Stata/SE 15.0.

3 |  RESULTS

3.1 | Presenting clinicopathological and 
genetic features

The median age was 34 (range 16–71) years for the total 
207 newly diagnosed t(8;21) patients, including 109 males 
and 98 females. On evaluable metaphases grounds, chro-
mosomal t(8;21) was morphologically absent in 11 (5.3%) 
cases, of whom five had normal karyotypes and the remain-
ing six had only additional abnormalities other than t(8;21). 

Of the 207 cases, complete NGS data records were available 
in 186 cases, in whom four cases (2.2%) were identified to 
carry none of the mutations. The demographic and baseline 
features of MICM and relatively commonly mutated genes 
(>5% of mutational incidence) at diagnosis are listed in 
Tables S1 and S2, respectively.

3.2 | Bias test between induction groups

Prior to analyses of response and outcome, we tested the 
baseline balance across induction groups. More patients 
with age younger than 35  years (p  =  0.020), hemoglobin 
level below 80  g/L (p  =  0.017), and KIT-D816 mutations 
(p = 0.005) were treated with intermediate-dose Ara-C dur-
ing the induction (Tables  S1 and S2). The distribution of 
other baseline parameters was parallel between standard- and 
intermediate-dose groups. The consolidation cycles were 
evenly distributed between the two induction groups (mean 
2.8 and 2.2 cycles, respectively; p = 0.593; data not shown). 
The distribution of patients undergoing allo-SCT in first CR 
(CR1) was also balanced, with eight cases (8/105, 7.6%) in 
standard-dose and five (5/89, 5.6%) in intermediate-dose 
arm, respectively (p = 0.579; data not shown).

3.3 | Role of intermediate-dose 
induction and KIT-D816 in affecting remission

Ten patients were excluded due to inadequate intensity of 
induction agent dosages. The remaining 197 patients who 
met the criteria were included in the response and survival 
analyses. Among them, 107 patients were induced with 
standard-dose Ara-C, and 90 with intermediate-dose Ara-C. 
Three cases (1.5%) had early death of infectious sepsis or cer-
ebral hemorrhage, including two cases in standard-dose and 
one in intermediate-dose group, respectively. The remaining 
194 cases were assessed for response. After a single induc-
tion course, the overall CR rate in entire cohort was 87.6% 
(170/194), with a significant difference between standard-
dose (83/105, 79.0%) and intermediate-dose groups (87/89, 
97.8%), respectively (p < 0.001). When the study cohort was 
layered by varying baselines as listed in Tables S1 and S2 at 
dichotomous levels, the intermediate-dose Ara-C could pro-
duce improvement on CR rate compared with standard-dose 
Ara-C within majority of the layers (data not shown).

Patients harboring KITmut had lower CR rate than 
those without KITmut in entire cohort (80.0% vs. 93.9%, 
p  =  0.005), with difference remaining significant for KIT-
D816 (73.7% vs. 91.4%, p  =  0.008) instead for KIT-N822 
(83.8% vs. 88.7%, p = 0.603, data not shown). This meant 
that the decrease of CR rate caused by KITmut was pre-
dominantly attributable to D816 rather than other codon 
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changes such as N822 (Table S3). Induction-layered analysis 
showed that KITmut and KIT-D816 adversely affected CR 
rate in standard-dose group (p = 0.029 and p = 0.020, re-
spectively), instead of in intermediate-dose group (p = 0.167 
and P  =  1.000, respectively), pointing to the benefit from 
intermediate-dose Ara-C to overcome the adverse induction 
response caused by KITmut or KIT-D816.

We further analyzed the factors predicting the probability 
of achieving CR using multivariate logistic regression analysis. 
Results indicated an independent association of standard-dose 
Ara-C induction (HR  =  0.09 [0.02–0.40], p  =  0.002) and 
KITmut (HR = 3.58 [1.28–10.03], p = 0.015) with lower prob-
ability of achieving CR in entire cohort. It is noteworthy that 
the age and KIT-D816 distribution were not balanced between 
both induction groups, with older and KIT-D816 patients more 
frequently allocated in the standard-dose group. Adjustment 
for age (either as a continuous or categorical variable) and 
KIT-D816 to the covariates was then conducted in multivari-
ate model within the entire cohort, yielding results that Ara-C 
intensity remained as the powerful and robust predictor to in-
duction response (HR = 0.09 [0.02–0.41], p = 0.002).

Induction-layered analysis identified KIT-D816 as having 
independent association with higher probability of achiev-
ing CR in the standard-dose group (HR = 3.29 [1.18–9.24], 
p = 0.023), while none of the predictors was identified in the 
intermediate-dose group (Table 1).

3.4 | Independent implication of CD19 for 
predicting relapse risk

Multivariate Cox model indicated sex (male), positive 
CD19, and wild-type NOTCH1 to be independently predic-
tive of a lower CIR versus their counterparts in entire cohort 
(sex: HR = 0.28 [0.11–0.69], p = 0.006; CD19: HR = 0.117 
[0.05–0.28], p < 0.001; NOTCH1: HR = 14.10 [3.57–55.72], 
p < 0.001, respectively).

Although KITmut and KIT-D816 also were associated 
with more higher CIR from univariate Kaplan-Meier analysis, 
induction-layered analysis identified CD19 as the only factor 
predicting CIR both in the standard-dose group (HR = 0.32 
[0.10–1.00], p = 0.050) and in the intermediate-dose group 
(HR  =  0.11 [0.03–0.40], p  =  0.001) independently of KIT 
mutational status (Table 2 and Figure 2).

3.5 | Correlation of specific KIT-D816 or 
CD19 with EFS

In a multivariate Cox model for entire cohort, factors predic-
tive of inferior EFS were sex (female) (HR  =  0.54 [0.30–
0.98], p = 0.042), negative CD19 (HR = 0.37 (0.20–0.70), 
p = 0.004), mutated KIT (HR = 3.01 (1.56–5.81), p = 0.001), 
JAK2 (HR  =  2.95 (1.27–6.83), p  =  0.012), NOTCH1 
(HR = 3.74 [1.57–9.07], p = 0.003), TET2 (HR = 2.75 [1.30–
5.82], p = 0.008), and standard-dose induction (HR = 0.33 
[0.17–0.65], p = 0.001) (Table 3). Issue of unbalanced as-
signment for age and KIT-D816 was needed to be taken into 
account across groups of different induction intensity, which 
per se also had clinical implication on EFS, while adjustment 
by them in multivariate Cox analysis did not alter the above 
findings.

Induction-layered analysis showed only KIT-D816 as an 
independent predictor for worse EFS in the standard-dose 
group (HR  =  3.53 [1.82–6.84], p  <  0.001). Whereas 
in the intermediate-dose group, positive CD19 was the 
only marker independently associated with superior EFS 
(HR = 0.18 [0.06–0.54], p = 0.002) (Table 3 and Figure 3). 
In view of the aforementioned results of CR rate and CIR, 
the KIT-D816 adversely affected EFS mainly by decreasing 
the probability of achieving CR, whereas CD19 mainly by 
affecting CIR.

Additionally, mutated NRAS showed a tendency toward 
superior EFS from univariate analysis (p  =  0.067) in the 

T A B L E  1  Multivariate logistic analysis for the probability of attaining CR in entire t(8;21) cohort and in induction layers

Factors Good

Entire cohort SD Ara-C ID Ara-C

χ2 p HR (95% CI) p χ2 p HR (95% CI) p χ2 p HR (95% CI) p

WBC counta <10 0.033 NA NA 0.058 NA NA 0.220 NA NA

CD19 (+) 0.136 NA NA 0.453 NA NA 1.000 NA NA

KIT (−) 0.005 3.58 (1.28–10.03) 0.015 0.029 NA NA 0.167 NA NA

KIT-D816 (−) 0.008 NA NA 0.020 3.29 (1.18–9.24) 0.023 1.000 NA NA

Induction ID <0.001 0.09 (0.02–0.40) 0.002 NA NA NA NA NA NA

Abbreviations and Annotations: SD, standard-dose; ID, intermediate-dose; Ara-C, cytarabine; WBC, white blood cell; NA, not applicable.
atested as dichotomous variable divided near its median value. Multivariate logistic regression analysis was performed on forward selection method for factors 
fulfilling presupposed P<0.15 from univariate Chi-square test in entire cohort and in both induction arms. Parameters showing statistical significance are highlighted in 
bold and italic. 
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standard-dose group, mostly by reducing CIR (p = 0.090), 
but it had no independent significance in multivariate Cox 
analysis.

3.6 | Correlation of specific KIT-D816 or 
CD19 with OS

According to a Cox model, KITmut independently resulted 
in worse OS (HR = 4.18 [1.49–11.74], p = 0.007) in entire 
cohort when censoring survival analysis for allotransplanted 
patients at date of transplantation. Once again, KIT-D816 
was identified as the only factor predicting worse OS in the 
standard-dose group (HR = 5.45 [1.77–16.84], p = 0.003), 
and only CD19 in the intermediate-dose group (HR = 0.16 
[0.03–0.89], p = 0.037) (Table 4).

Additionally, univariate analysis showed that extra three 
or more chromosomal abnormalities were associated with 
worse OS in entire cohort (p = 0.028) and in the standard-dose 
group (p = 0.039), but it failed to reach a significance in mul-
tivariate Cox analysis.

3.7 | Refinement of relapse risk stratification 
by combining KIT and CD19

Since KIT and CD19 both presented independent relevance 
with relapse risk in multivariate Cox analysis, we subse-
quently performed a comparison in terms of their combi-
nation to estimate CIR. Given that they were implicated in 
both Ara-C groups, and induction intensity per se had no 
impact on CIR, the comparison was conducted in entire co-
hort. Results demonstrated an even more explicit stratifica-
tion aspect for prediction of relapse. Cases with KIT(−) plus 
CD19(+) showed the lowest relapse risk (3-year CIR, 0.10; 
SE, 0.04), contrarily, KIT(+) plus CD19(−) showed the most 
increased relapse risk (3-year CIR, 0.60; SE, 0.12), with a 
strikingly significant difference between the two subgroups 
(Bonferroni-adjusted P = 2.58E-7) (Figure 4).

4 |  DISCUSSION

Although t(8;21) AML is a favorable risk cytogenetic sub-
type, its clinical outcomes still harbor heterogeneities across 
individual patients. Concomitant KITmut as prognostic fac-
tor still remains controversial for t(8;21) AML under current 
therapy modalities, as suggested by a subtle difference in the 
risk stratification between the 2017 ELN recommendations15 
and the latest NCCN guidelines on AML.14 Moreover, al-
though D816 represented the most common KITmut type 
(45% of composition ratio), N822 and the remaining codons 
occupied the greater part in our cohort. Most of the previous 
reports have described adverse effect of KITmut on progno-
sis in t(8;21) AML, but specific site or type of mutation has 
rarely been designated.

We here observed an unfavorable association of KITmut 
with CR achievement in t(8;21) patients. For the two major 
KITmut sites, codon D816 was mainly accountable for the re-
sponse lesion compared with N822 and others, supported by 
in vitro studies demonstrating D816 to result in more stron-
ger autonomous KIT phosphorylation and potent oncogenic 
transformation.29,30

Standard-dose Ara-C combined with anthracyclines, that 
is, "7 + 3" scheme, has still exerted their cornerstone roles 
in modern AML therapy. Because anthracycline dosages in 
AML have reached their plateau (DNR 60–90 mg/m2 or IDA 
12 mg/m2), the improvement of induction response of these 
"7 + 3" protocols can only place hope on dose adjustment 
of Ara-C. The literature of high-dose (HD) Ara-C (2000–
3000 mg/m2, every 12 h, for 3 days or more) used for AML 
chemotherapy was first published in 1985; afterwards, several 
randomized trials had been conducted and majorities failed 
to draw a conclusion of significant efficacy improvement as 
reported between 1991 and 2011, as reviewed by Lowenberg 
B.(22) However, prolonged follow-up duration has later iden-
tified subsets of patients benefiting from high-dose Ara-C, 
such as AML with t(8;21)31 and Ras-pathway mutations.32

Induction-layered analysis indicated a decrease in CR rate 
caused by KITmut (especially D816) as against wild-type 

T A B L E  2  Multivariate cox model of CIR in entire t(8;21) cohort and in induction layers

Factors Good

Kaplan-Meier on CIR Multivariate Cox on CIR

p in 
Entire p in SD p in ID

HR (95% CI) in 
Entire p

HR (95% CI) 
in SD p

HR (95% CI) 
in ID p

Sex Male 0.006 0.079 0.041 0.28 (0.11–0.69) 0.006 NA NA NA NA

CD19 (+) <0.001 0.002 <0.001 0.12 (0.05–0.28) <0.001 0.32 (0.10–1.00) 0.050 0.11 (0.03–0.40) 0.001

KIT (−) 0.001 0.015 0.020 NA NA NA NA NA NA

KIT-D816 (−) <0.001 0.003 0.013 NA NA NA NA NA NA

NRAS (+) 0.027 0.090 0.152 NA NA NA NA NA NA

NOTCH1 (−) 0.020 0.228 0.004 14.10 (3.57–55.72) <0.001 NA NA NA NA

Abbreviations and Annotations: CIR, cumulative incidence of relapse; SD, standard-dose; ID, intermediate-dose; NA, not applicable; Parameters showing statistical 
significance are highlighted in bold and italic.
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KIT under the standard-dose Ara-C induction. In contrast, 
the association between KITmut with CR rate was inappar-
ent when induced with intermediate-dose Ara-C, pointing to 
the inability of standard-dose to overcome chemoresistance 
caused by KITmut and that intermediate-dose Ara-C induc-
tion can be considered to improve induction response in this 
situation. Our result indicated significant improvements of 
CR rate and EFS from initial induction based on intermedi-
ate-dose Ara-C in t(8;21) patients, especially in those carry-
ing KITmut (distinctly D816). Similarly, a report on children 
with t(8;21) AML has shown that the cumulative dosage of 
Ara-C over 3  g/m2 during the first induction course could 
significantly improve CR rate and EFS when compared to 
conventional dosage.10

Sequencing results are often not quickly available in 
clinical practice, which raises an issue of how to obtain the 

information of KIT status as soon as possible. Recently, de-
tection of KITmut by droplet digital PCR (ddPCR) technol-
ogy has been developed.33 The presence of KIT-D816, even 
with its low variant allele frequency (VAF), can potentially 
be quickly screened by this methodology. Furthermore, our 
usage of intermediate-dose Ara-C at the late stage (on day 
5–7) of regimen schedule gives us ample opportunity to 
make appropriate dosage adjustment for this patient subsets. 
In addition, there have been tyrosine kinase inhibitors (TKIs) 
which can pharmacologically target KITmut,34–36 but further 
clinical verification is needed.

As for prognostic significance of KITmut, a large series 
of studies have described its inferior impact on outcome in 
t(8;21) AML. However, there was no clear conclusion in 
a recent meta-analysis.37 We showed the predictive value 
of general KITmut for inferior CIR, EFS, and OS in entire 

F I G U R E  2  Estimated CIR according to CD19 or sex in entire t(8;21) cohort and in both induction layers. Patients with negative CD19 (A) 
or female sex (B) experienced more elevated CIR compared to their counterparts in entire t(8;21) cohort (p < 0.001 for CD19; p = 0.006 for sex, 
respectively). Induction-layered outcome analysis revealed only CD19 as independently predicting relapse risk both in the standard- (C) and in 
the intermediate-dose Ara-C groups (D), as illustrated in Kaplan-Meier curves by Log-rank test (p = 0.002 and p < 0.001, respectively). CIR, 
cumulative incidence of relapse; SD, standard-dose; ID, intermediate-dose
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t(8;21) cohort from univariate analysis, while it lost indepen-
dence for any of these endpoints in either induction group. 
The underrepresentation of KITmut on outcome potentially 
may be attributable to the following reasons in that: (i) only 
the specific KIT-D816 was more representative of caus-
ative adverse factor than N822, similar to other findings.7,38 
Furthermore, stratified analysis identified only KIT-D816 as 
the main predictor in standard-dose group. (ii) Repeated cy-
cles of post-remission high-dose Ara-C consolidation could 
still exert a role to continuously eliminate KITmut clones and 
maintain survival benefit.21 (iii) By NGS, the KITmut inci-
dence in our cohort of t(8;21) patients was detected in 45.7%, 

a result relatively higher than other reports. Compared with 
traditional Sanger sequencing, the comparatively sensitive 
high-throughput sequencing allowed us to detect KITmut 
with lower VAF in a considerable proportion of patients. 
One report has indicated an association of elevated CIR with 
KITmut only for cases with mutant level of 25% or higher.39 
Unfortunately, we did not perform an analysis about this rela-
tionship. (iv) There existed diversification of clonal architec-
ture as exemplified by late evolutionary signaling clones in 
the development and progression of AML. Besides KITmut, 
mutations in FLT3 and Ras pathways were also common in 
t(8;21) AML.39–42 Very recently, one study described multiple 

T A B L E  3  Multivariate cox model of EFS in entire t(8;21) cohort and in induction layers

Factors Good

Kaplan-Meier on EFS Multivariate Cox on EFS

p in 
Entire p in SD p in ID

HR (95% CI) in 
Entire p

HR (95% CI) 
in SD p

HR (95% CI) 
in ID p

Sex Male 0.089 0.555 0.031 0.54 (0.30–0.98) 0.042 NA NA NA NA

PLT <30 0.217 0.019 0.589 NA NA NA NA NA NA

CD19 (+) <0.001 0.003 <0.001 0.37 (0.20–0.70) 0.004 NA NA 0.18 (0.06–0.54) 0.002

CD79a (+) 0.149 0.449 0.066 NA NA NA NA NA NA

KIT (−) <0.001 <0.001 0.005 3.01 (1.56–5.81) 0.001 NA NA NA NA

KIT-D816 (−) <0.001 <0.001 0.040 NA NA 3.53 (1.82–6.84) <0.001 NA NA

KIT-N822 (−) 0.081 0.071 0.298 NA NA NA NA NA NA

JAK2 (−) 0.070 0.159 0.154 2.95 (1.27–6.83) 0.012 NA NA NA NA

NRAS (+) 0.116 0.067 0.974 NA NA NA NA NA NA

NOTCH1 (−) 0.005 0.114 0.042 3.74 (1.57–9.07) 0.003 NA NA NA NA

TET2 (−) 0.037 0.044 0.202 2.75 (1.30–5.82) 0.008 NA NA NA NA

Induction ID 0.001 NA NA 0.33 (0.17–0.65) 0.001 NA NA NA NA

Abbreviations and Annotations: EFS, event-free survival; SD, standard-dose; ID, intermediate-dose; NA, not applicable; Parameters showing statistical significance 
are highlighted in bold and italic.

F I G U R E  3  Estimated EFS according to KIT-D816 in SD arm and CD19 in ID arm. (A) Induction-layered multivariate Cox analysis showed 
that, in the standard-dose Ara-C group, only the specific KIT-D816 was independently associated with inferior EFS, as illustrated in Kaplan-Meier 
curve by Log-rank test (p < 0.001). (B) In the intermediate-dose Ara-C group, positive CD19 was the only marker independently predictive of 
superior EFS, as illustrated in Kaplan-Meier curve by Log-rank test (p < 0.001). EFS, event-free survival; SD, standard-dose; ID, intermediate-dose
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signal clones of KIT, FLT3, and NRAS/KRAS variants as 
clonal interference,43 which conveyed an adverse EFS, while 
the presence of a single signaling clone did not affect prog-
nosis. However, we showed mutated NRAS as presenting a 
non-significantly favorable EFS and CIR inclination in stan-
dard-dose group from our univariate analysis, congruent with 
a Germany multicenter children10 and French adults study.44

Determination of gene mutations was mainly based on 
traditional Sanger sequencing in earlier studies. With the 
enlargement and improvement of comprehensive sequenc-
ing spectrum and coverage in modern NGS platforms, more 
growing genetic lesions of potentially clinical relevance on 
varying loci within the KIT gene would be identified, as well 
as more coexisting genomic lesions, thereby giving profound 
insight into AML classification and informing prognostic 
stratification.45 The incidence of mutated NOTCH1 (13/186, 
7.0%), JAK2 (16/186, 8.6%), and TET2 (17/186, 9.1%), 
which were scarcely reported for their clinical implications 

in t(8;21) AML, was detected to be relatively lower but not 
rare in our cohort. We herein observed for the first time that 
NOTCH1 and JAK2 mutations served as adverse markers af-
fecting outcome (NOTCH1 for EFS and CIR; JAK2 for EFS) 
in t(8;21) AML. NOTCH1 mutations frequently occur in 
above 50% of T-cell acute lymphoblastic leukemia cases.46 
Activated Notch signaling contributes to the crosstalk be-
tween leukemia cells and surrounding mesenchymal stromal 
cells, leading to malignant property and chemoresistance.47,48 
We also observed an association of mutated TET2 with in-
ferior EFS, in line with Cher CY et al reporting that TET2 
mutations were an adverse prognostic factor in core binding 
factor AML.49 Further attention and clarification of clinical 
relevance would be required for mutated NOTCH1, JAK2, 
and TET2 in t(8;21) AML.

There have been several studies concerning the effect of 
immunophenotyping on clinical outcome of t(8;21) AML. In 
contrast with a finding that CD19 was associated with CR 

T A B L E  4  Multivariate cox model of OS in entire t(8;21) cohort and in induction layers

Factors Good

Kaplan-Meier on OS Multivariate Cox on OS

p in 
Entire

p in 
SD

p in 
ID

HR (95% CI)  
in Entire p

HR (95% CI)  
in SD p

HR (95% CI) 
in ID p

CD19 (+) 0.011 0.128 0.017 NA NA NA NA 0.16 (0.03–0.89) 0.037

AKAs <3 0.028 0.039 0.689 NA NA NA NA NA NA

KIT (−) 0.003 0.013 0.211 4.18 (1.49–11.74) 0.007 NA NA NA NA

KIT-D816 (−) 0.003 0.001 0.339 NA NA 5.45 (1.77–16.84) 0.003 NA NA

JAK2 (−) 0.101 0.257 0.194 NA NA NA NA NA NA

Induction ID 0.051 NA NA NA NA NA NA NA NA

Annotations and Abbreviations: OS, overall survival; SD, standard-dose; ID, intermediate-dose; NA, not applicable; AKAs, additional karyotypic abnormalities; 
Parameters showing statistical significance are highlighted in bold and italic.

F I G U R E  4  CIR according to KIT combined with CD19 in entire t(8;21) cohort. KIT mutational status in combination with CD19 expression 
conferred a more explicit risk strata for relapse in t(8;21) AML, with KIT(−)/CD19(+) cases experiencing the lowest CIR while KIT(+)/CD19(−) 
cases the highest CIR (3-year CIR: 10% vs. 60%, respectively; Bonferroni-adjusted P = 2.58E-7). CIR, cumulative incidence of relapse

Pairwise comparison Bonferroni  P
KIT(-)/CD19(+) vs. KIT(+)/CD19(-) 2.58E-7
KIT(-)/CD19(+) vs. KIT(-)/CD19(-) 0.009
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rate with a borderline significance (expression group 95.7% 
vs. non-expression group 83.8%; p = 0.049),19 we failed to 
reproduce a similar result. In our study of t(8;21) cohort, al-
though intensified Ara-C during induction could overcome 
chemoresistance resulting from KITmut, it failed to prohibit 
higher risk of relapse resulting from CD19(−). Consistent 
with a previous study,9 a correlation was observed between 
CD19(−) and higher relapse risk in t(8;21) patients according 
to a Cox model. A more recent Japanese retrospective anal-
ysis in pediatric AML with RUNX1-RUNX1  T1 identified 
CD19 negativity as the sole significant risk factor for relapse, 
a result still true even when restricting patients without the 
KIT exon 17 mutation, implying a biological difference be-
tween CD19-positive and CD19-negative AML patients with 
RUNX1-RUNX1 T1.20 We speculate that an absence of sur-
face antigen CD19 on t(8;21) leukemic cells may escape the 
T cell-mediated immunologic clearance mechanism, leading 
to the persistence of minimal residual disease and eventually 
leukemia relapse, which is needed to be confirmed by further 
researches. Combination of CD19 and KIT can further op-
timize the relapse risk stratification of t(8;21) AML, which 
enables us to identify a small subset of patients with both 
KITmut and CD19(−) as having the highest relapse risk.

So far, our report encompassed relatively larger sam-
ple size to generate information of clinicopathological and 
NGS data in multivariate analysis. The main limitations of 
this study rested with its biased allocation of patients, in-
completeness of immunophenotypic records, and loss to 
follow-up after referral, which might impair the power of sta-
tistical tests. Also, there were censoring heterogeneities re-
sulting from donor availability and timing of transplantation 
for those undergoing allo-SCT. Prospectively randomized tri-
als expanding patient subjects and prolonging follow-up time 
are warranted to validate the clinical significance of these 
prognostic factors in t(8;21) AML subpopulations.

Taken together, we conclude that KITmut, predominantly 
D816, adversely affects the remission of t(8;21) AML pa-
tients induced with standard-dose Ara-C, which can be 
abrogated by dose-intensified Ara-C containing regimen. 
Negative CD19 predicts increased relapse risk independently 
of KITmut and Ara-C induction intensity. The distinct KIT-
D816, rather than general KITmut, may be incorporated into 
the prognostication system of t(8;21) AML. Mutual combi-
nation of CD19 and KITmut can deliver a more definite risk 
stratification profile for t(8;21) AML, thereby guiding an in-
dividually risk-adapted curative treatment, such as allo-SCT.

ACKNOWLEDGMENTS
The authors thank all coworkers in laboratory for their excel-
lent technical assistance and providing data.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interests.

DATA AVAILABILITY STATEMENT
The datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable 
request.

ORCID
Biao Wang   https://orcid.org/0000-0003-1557-5045 

REFERENCES
 1. Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the 

World Health Organization classification of myeloid neoplasms 
and acute leukemia. Blood. 2016;127(20):2391-2405.

 2. Appelbaum FR, Kopecky KJ, Tallman MS, et al. The clinical spec-
trum of adult acute myeloid leukaemia associated with core bind-
ing factor translocations. Br J Haematol. 2006;135(2):165-173.

 3. Schlenk RF, Benner A, Krauter J, et al. Individual patient data-based 
meta-analysis of patients aged 16 to 60 years with core binding fac-
tor acute myeloid leukemia: a survey of the German Acute Myeloid 
Leukemia Intergroup. J Clin Oncol. 2004;22(18):3741-3750.

 4. Marcucci G, Mrózek K, Ruppert AS, et al. Prognostic factors and 
outcome of core binding factor acute myeloid leukemia patients 
with t(8;21) differ from those of patients with inv(16): a cancer and 
leukemia group B study. J Clin Oncol. 2005;23(24):5705-5717.

 5. Grimwade D, Hills RK, Moorman AV, et al. Refinement of cy-
togenetic classification in acute myeloid leukemia: determina-
tion of prognostic significance of rare recurring chromosomal 
abnormalities among 5876 younger adult patients treated in 
the United Kingdom Medical Research Council trials. Blood. 
2010;116(3):354-365.

 6. Solh M, Yohe S, Weisdorf D, Ustun C. Core-binding factor acute 
myeloid leukemia: heterogeneity, monitoring, and therapy. Am J 
Hematol. 2014;89(12):1121-1131.

 7. Krauth M-T, Eder C, Alpermann T, et al. High number of ad-
ditional genetic lesions in acute myeloid leukemia with t(8;21)/
RUNX1-RUNX1T1: frequency and impact on clinical outcome. 
Leukemia. 2014;28(7):1449-1458.

 8. Schoch C, Haase D, Haferlach T, et al. Fifty-one patients with 
acute myeloid leukemia and translocation t(8;21)(q22;q22): an ad-
ditional deletion in 9q is an adverse prognostic factor. Leukemia. 
1996;10(8):1288-1295.

 9. Rege K, Swansbury GJ, Atra AA, et al. Disease features in acute 
myeloid leukemia with t(8;21)(q22;q22). Influence of age, sec-
ondary karyotype abnormalities, CD19 status, and extramedullary 
leukemia on survival. Leuk Lymphoma. 2000;40(1–2):67-77.

 10. Klein K, Kaspers G, Harrison CJ, et al. Clinical impact of ad-
ditional cytogenetic aberrations, cKIT and RAS mutations, 
and treatment elements in pediatric t(8;21)-AML: results 
from an international retrospective study by the International 
Berlin-Frankfurt-Munster Study Group. J Clin Oncol. 
2015;33(36):4247-4258.

 11. Gupta V, Minden MD, Yi QL, Brandwein J, Chun K. Prognostic 
significance of trisomy 4 as the sole cytogenetic abnormality in 
acute myeloid leukemia. Leuk Res. 2003;27(11):983-991.

 12. Hsiao HH, Liu YC, Wang HC, et al. Additional chromosomal ab-
normalities in core-binding factor acute myeloid leukemia. Genet 
Mol Res. 2015;14(4):17028-17033.

 13. Mosna F, Papayannidis C, Martinelli G, et al. Complex karyotype, 
older age, and reduced first-line dose intensity determine poor 

https://orcid.org/0000-0003-1557-5045
https://orcid.org/0000-0003-1557-5045


   | 1101WANG et Al.

survival in core binding factor acute myeloid leukemia patients 
with long-term follow-up. Am J Hematol. 2015;90(6):515-523.

 14. Tallman MS, Wang ES, Altman JK, et al. Acute myeloid leukemia, 
version 3.2019, NCCN clinical practice guidelines in oncology. J 
Natl Compr Canc Netw. 2019;17(6):721-749.

 15. Döhner H, Estey E, Grimwade D, et al. Diagnosis and management 
of AML in adults: 2017 ELN recommendations from an interna-
tional expert panel. Blood. 2017;129(4):424-447.

 16. Hrusak O, Porwit-MacDonald A. Antigen expression patterns reflect-
ing genotype of acute leukemias. Leukemia. 2002;16(7):1233-1258.

 17. Shang L, Chen X, Liu Y, et al. The immunophenotypic characteris-
tics and flow cytometric scoring system of acute myeloid leukemia 
with t(8;21) (q22;q22); RUNX1-RUNX1T1. Int J Lab Hematol. 
2018;41(1):23-31.

 18. De J, Zanjani R, Hibbard M, Davis BH. Immunophenotypic profile 
predictive of KIT activating mutations in AML1-ETO leukemia. 
Am J Clin Pathol. 2007;128(4):550-557.

 19. Iriyama N, Hatta Y, Takeuchi J, et al. CD56 expression is an in-
dependent prognostic factor for relapse in acute myeloid leukemia 
with t(8;21). Leuk Res. 2013;37(9):1021-1026.

 20. Sakamoto K, Shiba N, Deguchi T, et al. Negative CD19 expression 
is associated with inferior relapse-free survival in children with 
RUNX1-RUNX1T1-positive acute myeloid leukaemia: results 
from the Japanese Paediatric Leukaemia/Lymphoma Study Group 
AML-05 study. Br J Haematol. 2019;187(3):372-376.

 21. Byrd JC, Dodge RK, Carroll A, et al. Patients with t(8;21)
(q22;q22) and acute myeloid leukemia have superior failure-free 
and overall survival when repetitive cycles of high-dose cytarabine 
are administered. J Clin Oncol. 1999;17(12):3767–3775.

 22. Lowenberg B. Sense and nonsense of high-dose cytarabine for 
acute myeloid leukemia. Blood. 2013;121(1):26-28.

 23. Löwenberg B, Pabst T, Vellenga E, et al. Cytarabine dose for acute 
myeloid leukemia. N Engl J Med. 2011;364(11):1027-1036.

 24. Vardiman JW, Thiele J, Arber DA, et al. The 2008 revision of 
the World Health Organization (WHO) classification of myeloid 
neoplasms and acute leukemia: rationale and important changes. 
Blood. 2009;114(5):937-951.

 25. Wang B, Zhang J, Hua X, Li H, Wang Z, Yang B. Clinical het-
erogeneity under induction with different dosages of cytara-
bine in core binding factor acute myeloid leukaemia. Sci Rep. 
2020;10(1):685.

 26. Lin LI, Chen CY, Lin DT, et al. Characterization of CEBPA muta-
tions in acute myeloid leukemia: most patients with CEBPA muta-
tions have biallelic mutations and show a distinct immunophenotype 
of the leukemic cells. Clin Cancer Res. 2005;11(4):1372-1379.

 27. Rau R, Brown P. Nucleophosmin (NPM1) mutations in adult and 
childhood acute myeloid leukaemia: towards definition of a new 
leukaemia entity. Hematol Oncol. 2009;27(4):171-181.

 28. Kiyoi H, Naoe T, Nakano Y, et al. Prognostic implication of FLT3 
and N-RAS gene mutations in acute myeloid leukemia. Blood. 
1999;93(9):3074-3080.

 29. Omori I, Yamaguchi H, Miyake K, Miyake N, Kitano T, Inokuchi 
K. D816V mutation in the KIT gene activation loop has greater 
cell-proliferative and anti-apoptotic ability than N822K muta-
tion in core-binding factor acute myeloid leukemia. Exp Hematol. 
2017;52(56–64):e4.

 30. Tarlock K, Alonzo TA, Wang YC, et al. Functional properties of 
KIT mutations are associated with differential clinical outcomes 
and response to targeted therapeutics in CBF acute myeloid leuke-
mia. Clin Cancer Res. 2019;25(16):5038-5048.

 31. Bloomfield CD, Lawrence D, Byrd JC, et al. Frequency of pro-
longed remission duration after high-dose cytarabine intensifi-
cation in acute myeloid leukemia varies by cytogenetic subtype. 
Cancer Res. 1998;58(18):4173-4179.

 32. Neubauer A, Maharry K, Mrozek K, et al. Patients with acute my-
eloid leukemia and RAS mutations benefit most from postremis-
sion high-dose cytarabine: a Cancer and Leukemia Group B study. 
J Clin Oncol. 2008;26(28):4603-4609.

 33. Tan Y, Liu Z, Wang W, et al. Monitoring of clonal evolution of 
double C-KIT exon 17 mutations by droplet digital PCR in pa-
tients with core-binding factor acute myeloid leukemia. Leuk Res. 
2018;69:89-93.

 34. Heo S-K, Noh E-K, Kim JY, et al. Radotinib induces high cy-
totoxicity in c-KIT positive acute myeloid leukemia cells. Eur J 
Pharmacol. 2017;804:52-56.

 35. Roskoski R Jr. The role of small molecule Kit protein-tyrosine ki-
nase inhibitors in the treatment of neoplastic disorders. Pharmacol 
Res. 2018;133:35-52.

 36. Heo S-K, Noh E-K, Kim JY, et al. Targeting c-KIT (CD117) by da-
satinib and radotinib promotes acute myeloid leukemia cell death. 
Sci Rep. 2017;7(1):15278.

 37. Ayatollahi H, Shajiei A, Sadeghian MH, et al. Prognostic impor-
tance of C-KIT mutations in core binding factor acute myeloid 
leukemia: a systematic review. Hematol Oncol Stem Cell Ther. 
2017;10(1):1-7.

 38. Yui S, Kurosawa S, Yamaguchi H, et al. D816 mutation of the 
KIT gene in core binding factor acute myeloid leukemia is asso-
ciated with poorer prognosis than other KIT gene mutations. Ann 
Hematol. 2017;96(10):1641-1652.

 39. Boissel N, Leroy H, Brethon B, et al. Incidence and prognostic 
impact of c-Kit, FLT3, and Ras gene mutations in core bind-
ing factor acute myeloid leukemia (CBF-AML). Leukemia. 
2006;20(6):965-970.

 40. Allen C, Hills RK, Lamb K, et al. The importance of relative mu-
tant level for evaluating impact on outcome of KIT, FLT3 and 
CBL mutations in core-binding factor acute myeloid leukemia. 
Leukemia. 2013;27(9):1891-1901.

 41. Paschka P, Du J, Schlenk RF, et al. Secondary genetic lesions in acute 
myeloid leukemia with inv(16) or t(16;16): a study of the German-
Austrian AML Study Group (AMLSG). Blood. 2013;121(1):170-177.

 42. Opatz S, Polzer H, Herold T, et al. Exome sequencing identifies 
recurring FLT3 N676K mutations in core-binding factor leukemia. 
Blood. 2013;122(10):1761-1769.

 43. Itzykson R, Duployez N, Fasan A, et al. Clonal interference of sig-
naling mutations worsens prognosis in core-binding factor acute 
myeloid leukemia. Blood. 2018;132(2):187-196.

 44. Duployez N, Marceau-Renaut A, Boissel N, et al. Comprehensive 
mutational profiling of core binding factor acute myeloid leuke-
mia. Blood. 2016;127(20):2451-2459.

 45. Papaemmanuil E, Gerstung M, Bullinger L, et al. Genomic classi-
fication and prognosis in acute myeloid leukemia. N Engl J Med. 
2016;374(23):2209-2221.

 46. Girardi T, Vicente C, Cools J, De Keersmaecker K. The genetics 
and molecular biology of T-ALL. Blood. 2017;129(9):1113-1123.

 47. Kamga PT, Bassi G, Cassaro A, et al. Notch signalling drives bone 
marrow stromal cell-mediated chemoresistance in acute myeloid 
leukemia. Oncotarget. 2016;7(16):21713-21727.

 48. Marschalek R. Systematic classification of mixed-lineage leuke-
mia fusion partners predicts additional cancer pathways. Ann Lab 
Med. 2016;36(2):85-100.



1102 |   WANG et Al.

 49. Cher CY, Leung GMK, Au CH, et al. Next-generation sequencing 
with a myeloid gene panel in core-binding factor AML showed 
KIT activation loop and TET2 mutations predictive of outcome. 
Blood Cancer J. 2016;6(7):e442.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Wang B, Yang B, Ling Y, et 
al. Role of CD19 and specific KIT-D816 on risk 
stratification refinement in t(8;21) acute myeloid 
leukemia induced with different cytarabine intensities. 
Cancer Med. 2021;10:1091–1102. https://doi.
org/10.1002/cam4.3705

https://doi.org/10.1002/cam4.3705
https://doi.org/10.1002/cam4.3705

