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Abstract: Acute myeloid leukemia (AML) is a heterogeneous disease and shows different clinical features among 
different races, and great diversity in prognosis. In order to under the relationship between clinical characteristics 
and prognosis, 92 patients with t(8;21) AML in a single centre of China were retrospectively analyzed, and clinical 
characteristics such as peripheral blood, morphological type of blast cells, molecular detection and cytogenetics, 
optimal treatments, and outcomes are summarized. Among all 92 t(8;21) AML patients, 80 (87.0%) presented 
with AML-M2. Moreover, 80 (52.29%) cases of AML1/ETO-positive were identified among 153 patients diagnosed 
with AML-M2. AML1/ETO-positive patient groups are significantly younger than negative ones (34 vs 49 years old; 
P<0.001). The most common accompanying mutation of t(8;21) AML patients was stem cell factor receptor (c-KIT) 
mutation (47.22%). In addition to ectopic t(8;21), the most common chromosomal abnormality was sex chromo-
some deletions (38.18%). Patients with c-KIT mutation had lower haemoglobin (P=0.044) and complete remis-
sion (CR) rates (P=0.026) and shorter overall survival (OS) (P=0.004) than c-KIT-negative groups. Unexpectedly, 
the 3-year OS rate was not higher for patients treated with hematopoietic stem-cell transplantation (HSCT) than 
with only chemotherapy (53.83% vs 64.44%; P=0.740). AML1/ETO-positive patients showed a higher CR rate and 
longer OS than AML1/ETO-negative patients. However, neither difference was statistically significant (P=0.250 and 
P=0.675 respectively). These findings indicate that retrospective analysis of Chinese patients can provide critical 
information in the optimal treatment of t(8;21) AML patients with AML1/ETO. C-kit is a poor prognostic factor, and 
HSCT is not the best choice for t(8;21) AML patients.
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Introduction

Acute myeloid leukemia (AML) is a heterogene-
ous haematologic malignancy characterized  
by the clonal expansion of myeloid blasts in 
peripheral blood, bone marrow, and/or other 
tissues, and it is the most common form of 
acute leukemia among adults [1]. The recurrent 
translocation t(8;21) represents approximately 
12% of adult and approximately 30% of paedi-
atric AML cases [2, 3], and it involves the AML1 
gene on chromosome 21 and the ETO gene on 
chromosome 8, which generates an AML1-ETO 
fusion protein [4]. Previous studies have shown 
that t(8;21) AML with AML1-ETO fusion is close-
ly associated with the AML-M2 subtype (French-
American-British Classification; FAB) (18-40%) 

and has a high complete remission (CR) rate 
with standard chemotherapy and a prolonged 
survival when sequential high-dose cytarabine 
is administered [3, 5, 6].

A Cancer and Leukemia Group B study showed 
that race is an important predictor for t(8;21) 
AML, suggesting that direct adoption of treat-
ment strategies based on clinical studies com-
paring Whites and non-Whites may not be 
advisable [7]. Recent studies from China have 
focused mainly on the clinical impact of cytoge-
netics [8, 9]. Information on clinical characteris-
tics, and optimal treatments, such as the clini-
cal impact of hematopoietic stem-cell trans-
plantation (HSCT), thus remains unavailable for 
Chinese patients.

http://www.ijcem.com
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To establish optimal therapeutic strategies 
applicable to Chinese patients, clarifying clini-
cal characteristics and prognosis of AML1/ETO 
in Chinese patients with t(8;21) AML is crucial. 
The present retrospective single-centre study 
was conducted to investigate the clinical char-
acteristics of AML1/ETO in Chinese patients 
with t(8;21) AML.

Materials and methods

Patients and treatments

From January 2008 to December 2017, 92 
Chinese adult patients (≥13 years old) who 
were newly diagnosed with de novo t(8;21) 
(q22;q22) AML according to WHO classifica-
tions were consecutively enrolled. Diagnosis of 
t(8;21) AML was established based on chromo-
somal analysis and/or detection of AML1/ETO 
fusion gene by real-time reverse transcription-
polymerase chain reaction. Cytomorphologic 
findings of 153 AML (FAB: M2) adult patients 
(≥13 years old) were documented in a stand-
ardized manner. All patients were selected from 
the Tongji Hospital haematological clinico-
pathologic database, which contains informa-
tion on patients newly diagnosed with haema-
tological conditions and their subsequent 
treatment. 

Patients were treated with induction therapy 
consisting of administration of idarubicin (8-12 
mg/m2/day × 3)/daunorubicin (60 mg/m2/day 
× 3)/mitoxantrone (10 mg/m2/day × 3) and cyt-
arabine (100 mg/m2/day × 7). Once complete 
remission (CR) was achieved, consolidation 
therapy was begun, consisting of intermediate/
high-dose cytarabine (1.5-2 g/m2/12 hours on 
days 1-3) or standard-dose cytarabine-based 
chemotherapy (idarubicin/daunorubicin/mitox-
antrone and cytarabine). Allogeneic and autolo-

gous hematopoietic stem-cell transplantations 
(HSCT) were performed in a risk-adapted and 
priority-based manner.

Morphological analysis

Sampling: Drawing from the posterior or auto-
posterior superior iliac spine bone marrow at 
the time of diagnosis of de novo AML, we ex- 
tracted 0.2 ml bone marrow liquid for morpho-
logical and cytochemical staining. Furthermore, 
3-5 ml of EDTA anticoagulation was used for 
molecular biological detection, and 3-5 ml of 
heparin anticoagulant was used for karyotype 
analysis and FISH detection. 

Smear staining: Two dry smears were taken. 
The bone marrow smear was stained by 
Wright’s staining for approximately 10~15 min-
utes and analysed morphologically by two 
experts who were blinded to patients’ diagno-
sis and their cytomorphologic status. The 
experts counted 500 nucleated cells and per-
formed calculations for various cells, including 
cells from bone marrow smear staining. 

Classification criteria: Morphological diagnosis 
and classification were based on the French-
American-British (FAB) cooperative criteria. 
Close attention was paid to the presence of 
morphological features considered to be sug-
gestive of t(8;21).

Cytogenetic and molecular genetic analysis

Cytogenetic studies on bone marrow or unstim-
ulated peripheral blood samples obtained prior 
to induction therapy were performed using 
standard G-banding with trypsin-Giemsa or 
trypsin-Wright’s staining in our centre. Karyo- 
types were interpreted using International 
System for Cytogenetic Nomenclature (2013) 
criteria [10]. Studies were considered normal 
diploid if no clonal abnormalities were detected 
in a minimum of 20 mitotic cells examined. 
Central review of karyotypes for t(8;21) AML 
patients was performed by at least 3 members 
of the experts in our centre. Genomic DNA and 
total RNA were extracted as described previ-
ously [11]. To improve the accuracy of cytoge-
netic diagnosis, all specimens were also ana-
lysed by fluorescence in situ hybridization 
(FISH) using a comprehensive DNA probe set 
allowing for the detection of the most relevant 
AML-associated genomic aberrations [12]. FISH 

Figure 1. FAB subtype among t(8;21) AML patients.



Clinical characteristics of t(8;21) acute myeloid leukaemia in China

9314 Int J Clin Exp Med 2018;11(9):9312-9322

and real-time quantitative PCR (RQ-PCR) were 
further used to analyze AML1/ETO fusion as 
previously described [13, 14].

In addition, diagnostic samples from some 
patients were analysed for mutations in the 
AML1/ETO, c-KIT, FLT3/ITD, NPM1, IDH1, 
DNMT3A and CEBPA genes by reverse tran-
scription polymerase chain reaction (RT-PCR) 
[15-20].

Statistical analysis

Complete remission (CR) was defined as recov-
ery of morphologically normal bone marrow  
and normal peripheral blood cell count (abso-
lute neutrophil count >1,000/mm3 and platelet 
count >100,000/mm3) and no signs or symp-
toms of the disease or evidence of central nerv-
ous system leukemia or other extramedullary 
infiltration within the first three chemotherapy 
cycles [21]. Overall survival (OS) was measured 
from the beginning of treatment until date of 

death or last follow-up. Data, including AML1/
ETO expression, c-KIT mutation status, white 
blood count, haemoglobin concentration, plate-
let count, bone marrow blasts and age, were 
collected at the time of treatment. 

Categorical variables were described based on 
the count and relative frequency (%) of subjects 
in each category. Numerical variables between 
groups were compared using the non-paramet-
ric Mann-Whitney test. The distributions of  
categorical variables in different groups were 
compared by X2 test (unordered categorical 
variable). Survival curves were generated using 
the Kaplan-Meier method, and the log-rank  
test was used to compare survival between 
groups. Statistical analysis was performed 
using SPSS 22 software. The best discrimina-
tor threshold was detected using the minimal P 
value approach (a method aimed at minimizing 
the identification of rare classes of subjects). A 
P value of less than 0.05 was chosen as a 
threshold for statistical significance.

Results

M2 was the most common FAB subtype in 
t(8;21) AML patients 

A total of 92 t(8;21) AML patients were exam-
ined, including 80 (87.0%) M2, 5 (5.4%) M1, 1 
(1.1%) M4 and 6 (6.5%) M5 cases (Figure 1). 
Clearly, M2 was the most common FAB subtype 
among t(8;21) AML patients.

Table 1 shows basic clinical information per-
taining to the 92 cases of t(8;21) AML. The gen-
der ratio was 52:40 (M:F), and the median age 
was 33.5 years old (13-70 years old). Peripheral 

Table 1. Clinical characteristics of patients with t(8;21) AML
M2 Non-M2 P value

Number 80 12
Gender 0.447 
    Male (number, %) 44 (55.0%) 8 (66.7%)
    Female (number, %) 36 (45.0%) 4 (33.3%)
Age (years, median, range) 33.50 (13-70) 32.00 (14-69) 0.754 
WBC (× 109/L) (mean, SD) 11.46 (11.51) 13.93(10.29) 0.363 
Median, range 7.45 (0.77-64.86) 13.72 (1.62-29.30)
Hemoglobin (g/L) (mean, SD) 68.36 (25.02) 67.07 (16.99) 0.706 
Median, range 64.50 (1.38-129.00) 69.55 (32.00-103.00)
Platelets (× 109/L) (mean, SD) 39.32 (66.67) 36.04 (24.19) 0.451 
Median, range 23.50 (2.20-564.00) 28.50 (9.00-88.00)

Table 2. Cytogenetic abnormalities and gene 
mutations associated with t(8;21) AML

Mutations Frequency,  
no./total (%)

Cytogenetic abnormalities
    X in female patients 6/26 (23.08%)
    Y in male patients 15/29 (51.72%)
    Del (9q) 3/55 (5.45%)
    Trisomy 4 3/55 (5.45%)
    Others 28/55 (50.90%)
Molecular genetic mutations
    FLT3-length mutation: FLT3/ITD 1/38 (2.63%)
    c-KIT 17/36 (47.22%)
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blood features, age and gender tended to show 
no differences between the M2 and non-M2 
groups under various conditions (P>0.05).

The most frequent additional chromosomal 
abnormality and mutation among t(8;21) AML 
patients were sex chromosome loss and stem 
cell factor receptor (c-KIT)

As shown in Table 2, 15 (51.72%) male t(8;21) 
AML patients lack the Y chromosome and 6 
(23.08%) female t(8;21) AML patients lack the 
X chromosome. Furthermore, trisomy 4 and 
chromosome 9 deletion were associated with 
t(8;21) AML (Table 2). In addition to cytogenetic 
abnormalities, mutations of growth factor 
receptors and transcription factors were also 
identified in t(8;21) AML patients, including 17 

(47.22%) stem cell factor receptor (c-KIT)  
mutations and 1 (2.63%) FMS-related tyrosine 
kinase 3 (FLT3) mutation (Table 2). These sta-
tistics suggest that the loss of sex chromosome 
and c-KIT were the most frequent additional 
chromosomal abnormality and mutation among 
t(8;21) AML patients.

c-KIT mutation predicts unfavorable outcomes 
in patients with t(8;21) AML

Analysis of c-KIT mutation was performed in 36 
t(8;21) AML patients, 17 of whom were c-KIT-
positive. Haemoglobin was lower among c-KIT-
positive patients than among c-KIT-negative 
patients (55.30 vs 71.02 g/L; P=0.044), while 
other peripheral blood features tended to show 
no significant differences (Table 3). 

Table 3. Clinical characteristics of patients with c-KIT mutation
c-KIT positive c-KIT negative P value

Number 17 19
Gender 0.095 
    Male (number, %) 6 (35.3%) 12 (63.2%)
    Female (number, %) 11 (64.7%) 7 (36.8%)
Age (years, median, range) 38 (14-58) 27 (14-56) 0.260 
WBC (× 109/L) (mean, SD) 11.96 (7.45) 9.00 (8.02) 0.079 
Median, range 9.24 (2.52-28.21) 6.10 (0.77-26.20)
Hemoglobin (g/L) (mean, SD) 55.30 (22.62) 71.02 (20.09) 0.044 
Median, range 55.00 (1.38-97.00) 68.20 (35.00-105.00)
Platelets (× 109/L) (mean, SD) 35.78 (43.92) 35.50 (24.00) 0.401 
Median, range 22.00 (2.20-189.00) 23.00 (10.00-88.00)
AML FAB subtype 0.797 
    M2 (number, %) 14 (82.4%) 15 (78.9%)
    Non-M2 (number, %) 3 (17.6%) 4 (21.1%)
    CR (number, %) 3/8 (37.5%) 11/13 (84.6%) 0.026 

Figure 2. Survival analysis of patients with and with-
out c-KIT mutation.

Figure 3. Survival analysis of patients with and with-
out hematopoietic stem-cell transplantation (HSCT).
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From January 2008 to December 2014, 21 
patients with c-KIT mutation were included. 
The complete remission (CR) rate of the entire 
group was 14/21 (66.67%); the CR rate of the 
c-KIT-positive group was 3/8 (37.50%), while 
that of the negative group was 11/13 (84.60%). 
The CR rate was significantly higher in the neg-
ative group (P=0.026). With a median follow-up 
time of 41 months (1-107 months), the actuari-
al 3-year overall survival (OS) rate was signifi-
cantly higher for c-KIT-negative patients than 
for c-KIT-positive patients (92.30% vs 37.50%, 
P=0.004) (Figure 2).

Hematopoietic stem-cell transplantation 
(HSCT) does not significantly improve progno-
sis in patients with t(8;21) AML

From January 2008 to December 2014, among 
the 58 patients included, 45 patients were 
treated with only chemotherapy and 13 under-

went hematopoietic stem-cell transplantation 
(HSCT). With a median follow-up time of 43.5 
months (1-119 months), the actuarial 3-year OS 
rate was lower for patients treated with HSCT 
than for those treated with only chemotherapy 
(53.83% vs 64.44%; P=0.740) (Figure 3).

AML1/ETO expression was common among 
AML-M2 patients

A total of 153 patients diagnosed with AML-M2 
who underwent FISH studies on their bone mar-
row were evaluated by two physicians in this 
research. These included 80 (52.29%) AML1/
ETO-positive AML-M2 patients. Table 4 shows 
the basic clinical information pertaining the 
153 cases of AML-M2. There were significant 
differences in age between the AML1/ETO-
positive group and AML1/ETO-negative group, 
which we included as quantitative measures. 
Patients in the AML1/ETO-positive patient 
group were significantly younger (34 vs 49 
years old; P<0.001). While the white blood cell 
(WBC) count and bone marrow blasts tended  
to show no differences between the AML1/
ETO-positive group and AML1/ETO-negative 
group under various conditions, haemoglobin 
and platelets were lower in AML1/ETO-positive 
patients than in AML1/ETO-negative patients 
(68.36 vs 76.29 g/L; P=0.015 and 39.32 vs 
69.95 × 109/L; P<0.001, respectively).

Expression of AML1/ETO predicts favourable 
outcomes in patients with AML-M2

From January 2008 to December 2014, 98 
AML-M2 patients were included. The CR rate of 
the entire group was 60/87 (68.97%), whereas 

Table 4. Clinical characteristics of patients with AML-M2
AML1/ETO-positive AML1/ETO-negative P value

Number 80 73
Gender 0.121 
    Male (number, %) 44 (55.0%) 31 (42.5%)
    Female (number, %) 36 (45.0%) 42 (57.5%)
Age (years, median, range) 33.5 (13-70) 49 (19-93) <0.001 
WBC (× 109/L) (mean, SD) 11.46 (11.513) 24.04 (52.896) 0.281 
Median, range 7.45 (0.77-64.86) 5.32 (334.00-0.22)
Hemoglobin (g/L) (mean, SD) 68.36 (25.03) 76.29 (19.66) 0.015 
Median, range 64.50 (1.38-129.00) 75.00 (42.00-133.00)
Platelets (× 109/L) (mean, SD) 39.32 (66.67) 69.95 (86.78) <0.001 
Median, range 23.50 (2.20-564.00) 47.00 (3.40-516.00)
Bone marrow blasts (%) (mean, SD) 43.27 (17.94) 43.60 (16.38) 0.798 
Median, range 41.70 (4.00-93.00) 44.00 (19.00-84.00)

Figure 4. Survival analysis of patients with AML-M2 
between AML1/ETO-positive group and AML1/ETO-
negative group.
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the AML1/ETO-positive group showed a CR 
rate of 41/56 (73.21%), while the negative 
group showed a CR rate of 19/31 (61.29%). 
The CR rate was higher in the positive group, 
but the difference was not significant (P=0.250). 
With a median follow-up time of 46 months 
(1-119 months), the 3-year OS was higher for 
AML1/ETO-positive patients than for AML1/
ETO-negative patients (66.07% vs 61.29%; 
P=0.675) (Figure 4). However, the difference 
was not statistically significant.

Discussion

Acute myeloid leukemia (AML) is a heterogene-
ous disease that is classified based on the 
presence of specific cytogenetic abnormalities 
as well as the French-American-British (FAB) 
classification of leukemic cells and immu-
nophenotype. One of the common transloca-
tions identified in leukemia is that between 
chromosome 8q22 and chromosome 21q22 
[22]. In this study, we found that 87% of t(8;21) 
AML patients showed FAB-M2 AML, 5.4% M1, 
1.1% M4 and 6.5% M5, which is consistent with 
results reported in previous studies [23, 24]. 
M2 was clearly the most common FAB subtype 
among t(8;21) AML patients.

The prevalence of t(8;21) (q22;q22) fused the 
AML1 (also known as RUNX1) and ETO (other-
wise RUNX1T1 or MTG8) genes and resulted in 
expression of the AML1/ETO chimeric protein 
[24]. A total of 153 patients diagnosed with 
AML-M2 were included in this study, among 
whom 80 (52.29%) were AML1/ETO-positive. 
Mutation of AML1/ETO was frequent among 
AML-M2 patients. AML1/ETO-positive patients 
were significantly younger than AML1/ETO-
negative patients (34 vs 49 years old; p<0.000 
by SPSS) but showed lower haemoglobin and 
platelets (68.36 vs 76.29 g/L; p<0.05 by SPSS 
and 39.32 vs 69.95 × 109/L; p<0.000 by 
SPSS). Moreover, the AML1/ETO mutation was 
a favorable prognostic factor associated with a 
higher CR and a superior OS in AML-M2 
patients, which was consistent with the results 
of previous studies [1, 25, 26].

However, significant differences in CR or OS 
between AML1/ETO-positive and AML1/ETO-
negative patients were not found. Among 73 
AML1/ETO-negative AML-M2 patients, 9 cases 
harboured FLT3/ITD mutation, 10 NPM1, 5 
IDH1 and DNMT3A, and 13 CEBPA. Previous 
studies suggested that FLT3/ITDs were associ-

ated with leukocytosis and unfavourable out-
comes in patients with karyotypically normal 
AML [27, 28]. Konstanze [29] showed that 
NPM1 mutations were identified in 48% of 
young AML patients. NPM1 mutations predict-
ed a better response to induction therapy  
and favourable OS only in the absence of FLT3/
ITD [29]. In this study, 10 AML1/ETO-negative 
patients harboured mutant NPM1, and 8 (80%) 
showed no FLT3/ITD mutation; however, no 
AML1/ETO-negative patients showed NPM1 
mutation. Mutations in CCAAT/enhancer bind-
ing protein alpha (CEBPA) have been observed 
in 5% to 14% of AML cases [30]. A previous 
study suggested that CEBPA (double-mut) were 
associated with a unique gene expression pro-
file and favourable overall and event-free sur-
vival, while CEBPA (single-mut) AMLs did not 
express a discriminating signature and could 
not be distinguished from wild-type cases  
with respect to clinical outcome [30]. Among 
13 AML1/ETO-negative patients with mutant 
CEBPA in our study, 6 cases showed CEBPA 
double allele mutations, which indicates a 
superior OS. DNMT3A mutations are highly 
recurrent in patients with de novo AML with an 
intermediate-risk cytogenetic profile and are 
independently associated with a poor outcome 
[19]. IDH1/2, which encodes the enzyme isoci-
trate dehydrogenase, was recently shown to be 
mutated in approximately 16% of all AML cases 
and strongly associated with normal cytogenet-
ic status [31]. In our cohort, only 5/73 (6.85%) 
of AML1/ETO-negative patients showed IDH1 
and DNMT3A mutations.

While t(8;21) AML has a relatively good progno-
sis, relapse rates of approximately 30%-40% 
have been observed for unknown reasons [32-
35]. Certain reports have suggested that the 
number of AML1/ETO transcripts could serve 
as an indicator for relapse, as higher AML1/
ETO transcript at diagnosis and a limited reduc-
tion of AML1/ETO transcript at the time of 
achieving complete remission predict a higher 
risk of relapse [14, 36]. In this study, at diagno-
sis, the ratios of AML1-ETO copies in AML-M2 
patients ranged between 9.31 × 10-2 and 27.83 
× 100 with a median of 1.30 × 100, higher than 
the values reported in previous studies [14, 
36].

Moreover, a high frequency of c-KIT mutation 
(47.22%) was detected in patients with t(8;21) 
AML. c-KIT, also known as CD117, is a tyrosine-



Clinical characteristics of t(8;21) acute myeloid leukaemia in China

9318 Int J Clin Exp Med 2018;11(9):9312-9322

protein kinase that functions as a cell-surface 
receptor and plays a critical role in regulating 
cell survival and proliferation, stem-cell mainte-
nance, haematopoiesis, gametogenesis, mast 
cell development, migration and function, and 
melanogenesis [37, 38]. Mutations and high 
expressions of c-KIT in AML1/ETO patients 
have been discussed in numerous studies. 
Approximately 12.8%-46.8% of t(8;21) AML 
cases and approximately 33.3%-45% of inv 
(16) AML cases involve c-KIT point mutations. 
c-KIT was expressed significantly higher in 
81.3% of patients with t(8;21) AML than in 
patients with other leukemias [39]. Further- 
more, induced expression of AML1/ETO in 
U937-AE cells significantly up-regulated mRNA 
and protein levels of c-KIT. It was suggested 
that t(8;21) AML follows a stepwise model in 
leukemogenesis, i.e., AML1/ETO represents 
the first, fundamental genetic hit for initiating 
the disease, whereas activation of the c-KIT 
pathway may be a second but also crucial hit 
for the development of a full-blown leukemia 
[39]. 

In this study, we identified c-KIT mutation as an 
adverse prognostic factor associated with a 
lower CR and an inferior OS in t(8;21) AML 
patients. A multicenter retrospective study in 
China suggested that c-KIT mutation is a poor 
prognostic factor in t(8;21) AML patients [40]. 
Gao [15] showed that c-KIT-associated inferior 
prognosis in AML1/ETO-positive AML patients 
is c-KIT mutation-independent because the 
predictive capability of c-KIT for both OS and 
event-free survival was further improved in the 
subgroup of patients carrying AML1/ETO and 
wt c-KIT. The use of receptor tyrosine kinase 
inhibitors of VEGFRs, PDGFRs and c-KIT, such 
as pazopanib and SU5416, which remove the 
endothelial cell protection of AML cells and 
enhance AML cell sensitivity to cytarabine, may 
serve as promising therapeutic strategy for 
AML patients with c-KIT mutation [41, 42]. One 
patient in our study was treated with dasatinib 
and acquired CR until the end of follow-up. 
Dasatinib (BMS-354825) is an aminothiazole 
analogue that is an orally administered (p.o.) 
protein tyrosine kinase (PTK) inhibitor and has 
specificity toward five kinases/kinase families 
(BCRABL, c-SRc, c-KIT, PDGFβ receptor, and 
EPHA2) [43]. Heo SK [44] demonstrated that 
dasatinib treatment played a potential role in 
anti-leukemic therapy in c-KIT-positive AML 
cells.

It has been suggested that AML1/ETO blocks 
differentiation and induces self-renewal in 
hematopoietic progenitor cells, but expression 
of AML1/ETO alone is not sufficient to induce a 
leukemia-like disease in mouse models [45, 
46]. Thus, these studies show that AML1-ETO  
is critical in causing myeloid leukemia, which 
requires one or more additional mutations  
for leukemogenesis [46]. Additional cytogenet-
ic abnormalities such as the loss of one of the 
sex chromosomes demonstrate the nature of 
additional mutations in patients associated 
with AML1-ETO-mediated leukemogenesis [47]. 
In this study, 15 (51.72%) male t(8;21) AML 
patients lacked the Y chromosome and 6 
(23.08%) female t(8;21) AML patients lacked 
the X chromosome. Thus, missing sex chromo-
somes is a rather common phenomenon and 
occurs at the highest frequency in t(8;21) AML 
patients with other abnormal chromosomes. 
Further study showed that loss of sex chromo-
somes tends to occur at a younger age in 
patients with t(8;21) AML than in the general 
population (median age 31 years vs 34 years, 
P>0.05). Groups showing loss of a sex chromo-
some have been suggested to exhibit poorer 
outcomes [48].

AML patients with t(8;21) aberration often have 
favourable outcomes; however, relapse still 
occurs in 30%-40% patients, with only 50%-
60% of patients with t(8;21) AML cured with 
regimens involving high-dose cytarabine (HD- 
Ara-C) [49]. Hematopoietic stem-cell transplan-
tation (HSCT) exhibits the strongest anti-leuke-
mia effects. Zhu [50] demonstrated that alloge-
neic-HSCT (allo-HSCT) could reduce relapse 
and improve survival compared with chemo-
therapy/autologous-HSCT (auto-HSCT) for high-
risk t(8;21) AML patients, and chemotherapy/
auto-HSCT achieved a low relapse rate and 
high survival for low-risk patients. Thus, allo-
HSCT benefited high-risk patients but impaired 
the survival of low-risk patients. In this single-
center prospective cohort study, OS was lower 
for t(8;21) AML patients treated with HSCT than 
for those treated with chemotherapy alone 
(53.83% vs 64.44%). It was not necessary to 
treat t(8;21) AML patients with HSCT for long-
term survival. However, our study has some 
limitations. Among the patients examined in 
this study, 22.41% (13/58 underwent HSCT, 
which made it difficult to divide patients into 
groups and compare the outcomes of treat-
ment according to patients’ different risk sta-
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tus and transplantation approach. A larger sur-
vey sample is needed in future studies. 

Despite providing novel and useful information 
about AML1/ETO among Chinese patients  
with t(8;21) AML, some issues remain to be 
addressed. First, specific mutations often 
associated with t(8;21), such as N-Ras, PU.1 
and AML1, were not included in the present 
study. Second, detailed information about cer-
tain t(8;21) AML patients, including gene and 
karyotype at diagnosis and treatment outcome, 
was not available in the present study. Those 
require to be investigated in future studies.

Conclusions

In summary, the clinical characteristics of 
AML1/ETO in t(8;21) AML might differ between 
patients from China and those from Western 
countries. c-kit is a poor prognostic factor, and 
HSCT is not the best choice for t(8;21) AML 
patients. Clinicians should be alert to potential 
clinical differences among races, thus correctly 
evaluating the prognosis and choosing optimal 
treatment. 

Acknowledgements

All co-authors participated in patient file collec-
tion. Peiyuan Dong performed the SPSS analy-
sis. Peiyuan Dong drafted the manuscript, Li- 
fang Huang modified the paper, and all authors 
approved the manuscript for submission. This 
work was supported by the National Science 
Foundation of China, No.81500082.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Lifang Huang, 
Department of Hematology, Tongji Hospital, Tongji 
Medical College, Huazhong University of Science 
and Technology, 1095 Jie-Fang Avenue, Wuhan 
430030, Hubei, PR China. Tel: +86 027-83663610; 
Fax: 027-83663610; E-mail: huanglifang627@163.
com

References

[1] O’Donnell MR, Tallman MS, Abboud CN, Altman 
JK, Appelbaum FR, Arber DA, Bhatt V, Bixby D, 
Blum W, Coutre SE, De Lima M, Fathi AT, 
Fiorella M, Foran JM, Gore SD, Hall AC, Kropf P, 
Lancet J, Maness LJ, Marcucci G, Martin MG, 
Moore JO, Olin R, Peker D, Pollyea DA, Pratz K, 
Ravandi F, Shami PJ, Stone RM, Strickland SA, 

Wang ES, Wieduwilt M, Gregory K, Ogba N. 
Acute Myeloid Leukemia, Version 3.2017, 
NCCN Clinical Practice Guidelines in Oncology. 
J Natl Compr Canc Netw 2017; 15: 926-957.

[2] Mehdipour P, Santoro F and Minucci S. Epige- 
netic alterations in acute myeloid leukemias. 
FEBS J 2015; 282: 1786-1800.

[3] Nishii K, Usui E, Katayama N, Lorenzo FT, 
Nakase K, Kobayashi T, Miwa H, Mizutani M, 
Tanaka I, Nasu K, Dohy H, Kyo T, Taniwaki M, 
Ueda T, Kita K and Shiku H. Characteristics  
of t(8;21) acute myeloid leukemia (AML) with 
additional chromosomal abnormality: conco- 
mitant trisomy 4 may constitute a distinctive 
subtype of t(8;21) AML. Leukemia 2003; 17: 
731-737.

[4] Peterson LF and Zhang DE. The 8;21 translo-
cation in leukemogenesis. Oncogene 2004; 
23: 4255-4262.

[5] Schiffer CA, Lee EJ, Tomiyasu T, Wiernik PH 
and Testa JR. Prognostic impact of cytogenetic 
abnormalities in patients with de novo acute 
nonlymphocytic leukemia. Blood 1989; 73: 
263-270.

[6] Bennett JM, Catovsky D, Daniel MT, Flandrin G, 
Galton DA, Gralnick HR and Sultan C. Proposed 
revised criteria for the classification of acute 
myeloid leukemia. A report of the French-
American-British cooperative group. Ann Intern 
Med 1985; 103: 620-625.

[7] Marcucci G, Mrózek K, Ruppert AS, Maharry K, 
Kolitz JE, Moore JO, Mayer RJ, Pettenati MJ, 
Powell BL, Edwards CG, Sterling LJ, Vardiman 
JW, Schiffer CA, Carroll AJ, Larson RA and 
Bloomfield CD. Prognostic factors and out-
come of core binding factor acute myeloid leu-
kemia 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: 5705-
5717.

[8] Zhou L, Wang Q, Chen X, Fu L, Zhang X, Wang 
L, Deng A, Li D, Liu J, Lv N, Wang L, Li Y, Liu D, 
Yu L and Dou L. AML1-ETO promotes SIRT1  
expression to enhance leukemogenesis of 
t(8;21) acute myeloid leukemia. Exp Hematol 
2017; 46: 62-69.

[9] Yang JJ, Park TS and Wan TS. Recurrent cyto-
genetic abnormalities in acute myeloid leuke-
mia. Methods Mol Biol 2017; 1541: 223-245.

[10] Shaffer LG, Mcgowanjordan J and Schmid M. 
ISCN: an international system for human cyto-
genetic nomenclature (2013) published in col-
laboration with ‘Cytogenetic and genome re-
search’. 2012.

[11] Yan XJ, Xu J, Gu ZH, Pan CM, Lu G, Shen Y, Shi 
JY, Zhu YM, Tang L, Zhang XW, Liang WX, Mi JQ, 
Song HD, Li KQ, Chen Z, Chen SJ. Exome se-
quencing identifies somatic mutations of DNA 
methyltransferase gene DNMT3A in acute 
monocytic leukemia. Nat Genet 2011; 43: 
309-15. 

mailto:huanglifang627@163.com
mailto:huanglifang627@163.com


Clinical characteristics of t(8;21) acute myeloid leukaemia in China

9320 Int J Clin Exp Med 2018;11(9):9312-9322

[12] Frohling S, Skelin S, Liebisch C, Scholl C, 
Schlenk RF, Dohner H and Dohner K. Com- 
parison of cytogenetic and molecular cytoge-
netic detection of chromosome abnormalities 
in 240 consecutive adult patients with acute 
myeloid leukemia. J Clin Oncol 2002; 20: 
2480-2485. 

[13] Xu L, Zhao WL, Xiong SM, Su XY, Zhao M, Wang 
C, Gao YR, Niu C, Cao Q, Gu BW, Zhu YM, Gu J, 
Hu J, Yan H, Shen ZX, Chen Z and Chen SJ. 
Molecular cytogenetic characterization and 
clinical relevance of additional, complex and/
or variant chromosome abnormalities in acute 
promyelocytic leukemia. Leukemia 2001; 15: 
1359-1368.

[14] Yoo SJ, Chi HS, Jang S, Seo EJ, Seo JJ, Lee JH, 
Park HS and Park CJ. Quantification of AML1-
ETO fusion transcript as a prognostic indicator 
in acute myeloid leukemia. Haematologica 
2005; 90: 1493-1501.

[15] Gao X, Lin J, Gao L, Deng A, Lu X, Li Y, Wang L 
and Yu L. High expression of c-kit mRNA pre-
dicts unfavorable outcome in adult patients 
with t(8;21) acute myeloid leukemia. PLoS One 
2015; 10: e124241.

[16] Frohling S. Prognostic significance of activating 
FLT3 mutations in younger adults (16 to 60 
years) with acute myeloid leukemia and nor-
mal cytogenetics: a study of the AML study 
group Ulm. Blood 2002; 100: 4372-4380.

[17] Falini B, Mecucci C, Tiacci E, Alcalay M and 
Rosati R. Cytoplasmic nucleophosmin in acute 
myelogenous leukemia with a normal karyo-
type. N Engl J Med 2009; 352: 254.

[18] Frohling S, Schlenk RF, Stolze I, Bihlmayr J, 
Benner A, Kreitmeier S, Tobis K, Dohner H and 
Dohner K. CEBPA mutations in younger adults 
with acute myeloid leukemia and normal cyto-
genetics: prognostic relevance and analysis of 
cooperating mutations. J Clin Oncol 2004; 22: 
624-633.

[19] Ley TJ, Ding L, Walter MJ, McLellan MD, 
Lamprecht T, Larson DE, Kandoth C, Payton JE, 
Baty J, Welch J, Harris CC, Lichti CF, Townsend 
RR, Fulton RS, Dooling DJ, Koboldt DC, Schmidt 
H, Zhang Q, Osborne JR, Lin L, O’Laughlin M, 
McMichael JF, Delehaunty KD, McGrath SD, 
Fulton LA, Magrini VJ, Vickery TL, Hundal J, 
Cook LL, Conyers JJ, Swift GW, Reed JP, Alld- 
redge PA, Wylie T, Walker J, Kalicki J, Watson 
MA, Heath S, Shannon WD, Varghese N, 
Nagarajan R, Westervelt P, Tomasson MH, Link 
DC, Graubert TA, DiPersio JF, Mardis ER and 
Wilson RK. DNMT3A mutations in acute my-
eloid leukemia. N Engl J Med 2010; 363: 
2424-2433.

[20] Ma QL, Wang JH, Wang YG, Hu C and Mu QT. 
High IDH1 expression is associated with a poor 
prognosis in cytogenetically normal acute my-

eloid leukemia. Int J Cancer 2015; 137: 1058-
65. 

[21] Cheson BD, Cassileth PA, Head DR, Schiffer 
CA, Bennett JM, Bloomfield CD, Brunning R, 
Gale RP, Grever MR and Keating MJ. Report of 
the national cancer Institute-sponsored work-
shop on definitions of diagnosis and response 
in acute myeloid leukemia. J Clin Oncol 1990; 
8: 813-9.

[22] Peterson LF, Boyapati A, Ahn EY, Biggs JR, 
Okumura AJ, Lo MC, Yan M and Zhang DE. 
Acute myeloid leukemia with the 8q22;21q22 
translocation: secondary mutational events 
and alternative t(8;21) transcripts. Blood 
2007; 110: 799-805.

[23] Lai YY, Qiu JY, Jiang B, Lu XJ, Huang XJ, Zhang 
Y, Liu YR, Shi HL and Lu DP. Characteristics 
and prognostic factors of acute myeloid leuke-
mia with t (8;21) (q22;Q22). Zhongguo Shi Yan 
Xue Ye Xue Za Zhi 2005; 13: 733-740.

[24] Zhang J, Liu Z, Shao H, Ma Y, Tong H and Wang 
Y. Laboratory study of a complex translocation 
t(2;8;21) (p12;q22;q22) in a patient with  
acute myelogenous leukemia. Leuk Lymphoma 
2008; 49: 1925-1928.

[25] Cho EK, Bang SM, Ahn JY, Yoo SM, Park PW, 
Seo YH, Shin DB and Lee JH. Prognostic value 
of AML 1/ETO fusion transcripts in patients 
with acute myelogenous leukemia. Korean J 
Intern Med 2003; 18: 13-20.

[26] Slovak ML, Kopecky KJ, Cassileth PA, Harrin- 
gton DH, Theil KS, Mohamed A, Paietta E, 
Willman CL, Head DR, Rowe JM, Forman SJ 
and Appelbaum FR. Karyotypic analysis pre-
dicts outcome of preremission and postremis-
sion therapy in adult acute myeloid leukemia: 
a southwest oncology group/Eastern coopera-
tive oncology group study. Blood 2000; 96: 
4075-4083.

[27] Marková J, Marková J, Trnková Z, Michková  
P, Maaloufová J, Starý J, Cetkovský P. and 
Schwarz J. Monitoring of minimal residual dis-
ease in patients with core binding factor acute 
myeloid leukemia and the impact of C-KIT, 
FLT3, and JAK2 mutations on clinical outcome. 
Leuk Lymphoma 2009; 50: 1448-1460.

[28] Sazawal S, Kumar B, Hasan SK, Dutta P, Kumar 
R, Chaubey R, Mir R and Saxena R. Haema- 
tological & molecular profile of acute myeloge-
nous leukaemia in India. Indian J Med Res 
2009; 129: 256-261.

[29] Dohner K. Mutant nucleophosmin (NPM1) pre-
dicts favorable prognosis in younger adults 
with acute myeloid leukemia and normal cyto-
genetics: interaction with other gene muta-
tions. Blood 2005; 106: 3740-3746.

[30] Wouters BJ, Löwenberg B, Erpelinck-Verschu- 
eren CA, van Putten WL, Valk PJ and Delwel R. 
Double CEBPA mutations, but not single CEBPA 



Clinical characteristics of t(8;21) acute myeloid leukaemia in China

9321 Int J Clin Exp Med 2018;11(9):9312-9322

mutations, define a subgroup of acute myeloid 
leukemia with a distinctive gene expression 
profile that is uniquely associated with a favor-
able outcome. Blood 2009; 113: 3088.

[31] Mardis ER, Ding L, Dooling DJ, Larson DE, 
McLellan MD, Chen K, Koboldt DC, Fulton RS, 
Delehaunty KD, McGrath SD, Fulton LA, Locke 
DP, Magrini VJ, Abbott RM, Vickery TL, Reed JS, 
Robinson JS, Wylie T, Smith SM, Carmichael L, 
Eldred JM, Harris CC, Walker J, Peck JB, Du F, 
Dukes AF, Sanderson GE, Brummett AM, Clark 
E, McMichael JF, Meyer RJ, Schindler JK, Pohl 
CS, Wallis JW, Shi X, Lin L, Schmidt H, Tang Y, 
Haipek C, Wiechert ME, Ivy JV, Kalicki J, Elliott 
G, Ries RE, Payton JE, Westervelt P, Tomasson 
MH, Watson MA, Baty J, Heath S, Shannon WD, 
Nagarajan R, Link DC, Walter MJ, Graubert TA, 
DiPersio JF, Wilson RK and Ley TJ. Recurring 
mutations found by sequencing an acute my-
eloid leukemia genome. N Engl J Med 2009; 
361: 1058-1066.

[32] Gorin NC, Labopin M, Frassoni F, Milpied N, 
Attal M, Blaise D, Meloni G, Iori AP, Michallet 
M, Willemze R, Deconninck E, Harousseau JL, 
Polge E and Rocha V. Identical outcome after 
autologous or allogeneic genoidentical hema-
topoietic stem-cell transplantation in first re-
mission of acute myelocytic leukemia carrying 
inversion 16 or t(8;21): a retrospective study 
from the European cooperative group for blood 
and marrow transplantation. J Clin Oncol 
2008; 26: 3183-3188.

[33] Lin P, Chen L, Luthra R, Konoplev SN, Wang X 
and Medeiros LJ. Acute myeloid leukemia har-
boring t(8;21)(q22;q22): a heterogeneous dis-
ease with poor outcome in a subset of patients 
unrelated to secondary cytogenetic aberra-
tions. Mod Pathol 2008; 21: 1029-1036.

[34] Grimwade D, Hills RK, Moorman AV, Walker H, 
Chatters S, Goldstone AH, Wheatley K, Harrison 
CJ and Burnett AK. Refinement of cytogenetic 
classification in acute myeloid leukemia: deter-
mination of prognostic significance of rare re-
curring chromosomal abnormalities among 
5876 younger adult patients treated in the 
United Kingdom medical research council tri-
als. Blood 2010; 116: 354-365.

[35] Narimatsu H, Yokozawa T, Iida H, Tsuzuki M, 
Hayakawa M, Takeo T, Iino M, Ichihashi T, Kato 
C, Sawamoto A, Sao H, Yanada M, Emi N, Kiyoi 
H, Yamaguchi T, Naoe T, Suzuki R and Sugiura 
I. Clinical characteristics and outcomes in pa-
tients with t(8;21) acute myeloid leukemia in 
Japan. Leukemia 2008; 22: 428-432.

[36] Leroy H, de Botton S, Grardel-Duflos N, Darre 
S, Leleu X, Roumier C, Morschhauser F, Lai JL, 
Bauters F, Fenaux P and Preudhomme C. 
Prognostic value of real-time quantitative PCR 
(RQ-PCR) in AML with t(8;21). Leukemia 2005; 
19: 367-372.

[37] Gevaert T, Ridder D, Vanstreels E, Daelemans 
D, Everaerts W, Aa FV, Pintelon I, Timmermans 
JP, Roskams T, Steiner C and Neuhaus J. The 
stem cell growth factor receptor KIT is not ex-
pressed on interstitial cells in bladder. J Cell 
Mol Med 2017; 21: 1206-1216.

[38] Wang YY, Zhao LJ, Wu CF, Liu P, Shi L, Liang Y, 
Xiong SM, Mi JQ, Chen Z, Ren R and Chen SJ. 
C-KIT mutation cooperates with full-length 
AML1-ETO to induce acute myeloid leukemia in 
mice. Proc Natl Acad Sci U S A 2011; 108: 
2450-2455.

[39] Wang YY, Zhou GB, Yin T, Chen B, Shi JY, Liang 
WX, Jin XL, You JH, Yang G, Shen ZX, Chen J, 
Xiong SM, Chen GQ, Xu F, Liu YW, Chen Z and 
Chen SJ. AML1-ETO and C-KIT mutation/over-
expression in t(8;21) leukemia: implication in 
stepwise leukemogenesis and response to 
Gleevec. Proc Natl Acad Sci U S A 2005; 102: 
1104-1109.

[40] Gong D, Li W, Hu LD, Luo JM, Shen JL, Fang MY, 
Yang QM, Wang HX, Ke XY, Chen HR, Wang Z, 
Liu H, Liu F, Ma YG, Wang JW, Li HH, Wang QS, 
Jing Y, Gao XN, Dou LP, Li YH and Yu L. Clinical 
features and prognosis of t(8;21) AML patients 
in China: a multicenter retrospective study. J 
Exp Hematol 2017; 25: 980-986.

[41] Drusbosky L, Gars E, Trujillo A, McGee C, 
Meacham A, Wise E, Scott EW and Cogle CR. 
Endothelial cell derived angiocrine support of 
acute myeloid leukemia targeted by receptor 
tyrosine kinase inhibition. Leukemia Res 2015; 
39: 984-989.

[42] Giles FJ. SU5416, a small molecule tyrosine ki-
nase receptor inhibitor, has biologic activity in 
patients with refractory acute myeloid leuke-
mia or myelodysplastic syndromes. Blood 
2003; 102: 795-801.

[43] Wong SJ, Karrison T, Hayes DN, Kies MS, 
Cullen KJ, Tanvetyanon T, Argiris A, Takebe N, 
Lim D, Saba NF, Worden FP, Gilbert J, Lenz HJ, 
Razak AR, Roberts JD, Vokes EE and Cohen EE. 
Phase II trial of dasatinib for recurrent or meta-
static c-KIT expressing adenoid cystic carcino-
ma and for nonadenoid cystic malignant sali-
vary tumors. Ann Oncol 2016; 27: 318-323.

[44] Heo SK, Noh EK, Kim JY, Jeong YK, Jo JC, Choi 
Y, Koh S, Baek JH, Min YJ and Kim H. Targeting 
c-KIT (CD117) by dasatinib and radotinib pro-
motes acute myeloid leukemia cell death. Sci 
Rep 2017; 7: 15278.

[45] Steffen B, Knop M, Bergholz U, Vakhrusheva O, 
Rode M, Kohler G, Henrichs MP, Bulk E, Hehn 
S, Stehling M, Dugas M, Baumer N, Tschanter 
P, Brandts C, Koschmieder S, Berdel WE, Serve 
H, Stocking C and Muller-Tidow C. AML1/ETO 
induces self-renewal in hematopoietic progeni-
tor cells via the Groucho-related amino-termi-
nal AES protein. Blood 2011; 117: 4328-4337.



Clinical characteristics of t(8;21) acute myeloid leukaemia in China

9322 Int J Clin Exp Med 2018;11(9):9312-9322

[46] Yuan Y, Zhou L, Miyamoto T, Iwasaki H, Hara- 
kawa N, Hetherington CJ, Burel SA, Lagasse E, 
Weissman IL, Akashi K and Zhang DE. AML1-
ETO expression is directly involved in the devel-
opment of acute myeloid leukemia in the pres-
ence of additional mutations. Proc Natl Acad 
Sci U S A 2001; 98: 10398-10403.

[47] Sakurai M, Oshimura M, Kakati S and Sand- 
berg AA. Letter: 8-21 translocation and miss-
ing sex chromosomes in acute leukaemia. 
Lancet 1974; 2: 227-228.

[48] Rege K, Swansbury GJ, Atra AA, Horton C,  
Min T, Dainton MG, Matutes E, Durosinmi M, 
Treleaven JG, Powles RL and Catovsky D. 
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: 67-77.

[49] Li R, Hu X, Wang L, Cheng H, Lv S, Zhang W, 
Wang J, Yang J and Song X. Fludarabine and 
cytarabine versus high-dose cytarabine in con-
solidation treatment of t (8;21) acute myeloid 
leukemia: a prospective, randomized study. 
AM J Hematol 2017; 92: 12-17.

[50] Zhu HH, Zhang XH, Qin YZ, Liu DH, Jiang H, 
Chen H, Jiang Q, Xu LP, Lu J, Han W, Bao L, 
Wang Y, Chen YH, Wang JZ, Wang FR, Lai YY, 
Chai JY, Wang LR, Liu YR, Liu KY, Jiang B and 
Huang XJ. MRD-directed risk stratification 
treatment may improve outcomes of t(8;21) 
AML in the first complete remission: results 
from the AML05 multicenter trial. Blood 2013; 
121: 4056-4062.


