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Abstract
Background: Acute megakaryoblastic leukemia (AMKL) is a biologically heterogeneous subtype of acute
myeloid leukemia (AML) that originates from megakaryocytes. Despite improvements in the accuracy of
diagnosing AMKL as well as increased amount of data available on this rare subtype, clear prognostic
factors and treatment recommendations remain unde�ned.

Methods: We performed a retrospective study on 40 patients (age ≤18 years) with non–Down syndrome
AMKL and assessed the effect of different prognostic factors on the outcomes

Results: The complete remission (CR) rate of the patients was 57.9% and 81.1%, respectively, at the end
of induction therapy  and . The overall survival (OS) and event-free survival (EFS) rate at 2 years was
41±13% and 41±10%, respectively. An analysis of the cytogenetic features showed that patients with +21
or hyperdiploid ( 50 chromosomes) had signi�cantly better OS than those in other cytogenetic subgroups
(Plog-rank=0.048 and Plog-rank=0.040, respectively). Besides cytogenetics, an excellent early treatment
response (CR and minimal residual disease 1% after induction therapy ) also provided a signi�cant
survival bene�t in univariate analysis in our study. However, multivariate analysis indicated that
allogeneic hematopoietic stem cell transplantation (allo-HSCT) was the only independent prognostic
marker (RR=11.192; 95 % CI, 2.045-61.241; P=0.005 for OS and RR=5.400; 95 % CI, 1.635-17.832; P=0.006
for EFS, respectively).

Conclusion: AMKL in patients with non-Down syndrome has a poor outcome and allo-HSCT may be a
better option for post-remission therapy than conventional chemotherapy especially for those having a
poor response to induction therapy.

Background
Acute megakaryoblastic leukemia (AMKL) is a biologically and clinically heterogeneous subtype of acute
myeloid leukemia (AML), accounting for approximately 5-15% of newly diagnosed childhood AML cases
1-8 . It occurs mainly in children with Down syndrome (DS) who have an excellent prognosis even with

lower intensity therapy 9,10 . Moreover, patients with DS-AMKL often have a GATA1 gene mutation,
which is preceded by a transient myeloproliferative disease (TMD) 11-14 . In contrast, non-DS-AMKL
represents a biologically heterogeneous disease with a poorer prognosis 3,7,15 . Recent advances in
enhanced diagnostics, intensi�ed treatment protocols, and supportive care have improved outcomes for
patients with non-DS-AMKL. However, clear prognostic indicators and treatment recommendations for
this subgroup remain controversial.

While some groups treat non-DS-AMKL as high-risk subtype, recommending hematopoietic stem cell
transplantation (HSCT) with �rst complete remission (CR), others treat as standard risk in the absence of
unfavorable cytogenetics and/or a poor response to induction therapy and obtain superior survival rates
with intensive chemotherapy alone 2,3,16-18 .
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Hence, a detailed understanding of non-DS-AMKL biology, individual patient genetics, and phenotypic
complexity is necessary to improve the disease outcomes 19 . In this study, we reported the clinical,
cytogenetic, and therapeutic data in a relatively homogeneous group of pediatric patients with non-DS-
AMKL. Next, we assessed the effects of different prognostic factors and explored the role of HSCT in the
treatment of this AML subtype.

Methods
Study population

We collected data on the clinical characteristics and outcomes of pediatric patients (those aged between
1 and 18 years  who were newly diagnosed with non-DS-AMKL.

Ascertainment of non-DS AMKL Cases

The diagnosis of AMKL was established based on the FAB criteria by studies of cell morphology and
cytochemistry 20 and required con�rmation by immunologic methods. Immunophenotyping is negativity
of lymphoid antigens together with either the positivity of 2 megakaryoblastic markers (CD41, CD42, or
CD61) or the expression of one megakaryoblastic marker associated with CD36 positivity 21 .
Cytogenetic analysis was performed as previously described 22 . MLL-r, WT1, and EVI1 were detected by
reverse transcriptase PCR (RT-PCR), and ABL1 was evaluated as a control gene. The high expression of
EVI1 and WT1 was determined based on whether the EVI1/ABL and WT1/ABL ratios of each patient were
higher than 8% and 0.6%, respectively. The sequencing of GATA1 was also prospectively performed from
2018 23 . Chromosome which were performed on bone marrow blasts with the G-banding technique
were described according to the International System of Human Cytogenetic Nomenclature 24 .
Exclusion criteria were AMKL as secondary malignancy and DS-AMKL. This study was approved by the
ethics committee of Peking University People’s Hospital after written informed consent was obtained
from their parents or guardians.

Treatment plan

Patients received chemotherapy with induction therapy (induction ) of cytarabine (Ara-C), idarubicin, and
etoposide(AIE). After that, a second induction therapy (induction )) of AIE or HA (cytarabine and
homoharringtonine), followed by consolidation and intensi�cation therapy (i.e., HDAra-C [high-dose
cytarabine and idarubicin], AIE or HA, which were given sequentially). Patients who achieved CR after
induction  received second induction therapy with AIE, whereas others received HA protocol (Fig. 1 and
Table 1). The entire course of treatment without HSCT was 12 to 18 months. Prophylaxis for central
nervous system leukemia (CNSL), intrathecal chemotherapy with methotrexate, cytarabine, and
dexamethasone were administered 6 to 8 times to the patients in the nontransplant cohort and at least 4
times in the transplant cohort. After at least 2 rounds of induction therapy, allogeneic HSCT in CR1 was
recommended for all patients with an HLA compatible sibling donor such as a matched sibling donor
(MSD) or a haplo family donor or a matched unrelated donor (MUD) according to their guardians’ wishes
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in our institution. Unrelated cord blood (UCB) unit with a minimum of 4/6 HLA loci match transplantation
was also considered as an alternative. Busulfan and cyclophosphamide were used as the conditioning
regimen.

Minimal residual disease assessment and de�nitions

MRD was assessed using multicolor �ow cytometry (MFC) according to the leukemia-associated
immunophenotyping (LAIP). CR was de�ned as bone marrow blasts of < 5% and no localized leukemic
in�ltrates. Early treatment response was evaluated according to the CR rate and level of MRD after
induction therapy. Relapse was de�ned as the recurrence of ≥ 5% blasts in bone marrow aspirates or
extramedullary leukemia at any site.

Statistical analysis

Overall survival probability (OS) was de�ned as the time from diagnosis to death by any cause, and
event-free survival probability (EFS) was de�ned as the time from diagnosis to relapse, death by any
cause, or induction failure. Survival analysis was performed using the Kaplan-Meier method with
differences compared via the log-rank test. Multiple regression analysis for EFS and OS was conducted
using a multiple Cox regression model. The chi-square test or Fisher exact test was used to analyze the
differences in the distribution of individual parameters among patient subgroups. All statistical analyses
were performed using SPSS software, version 23.0 (SPSS Inc., Chicago, IL) and GraphPad Prism 7.00.
Statistical signi�cance was de�ned as P < 0.05.

Results
Patient characteristics

From February 2011 to February 2019, non-DS-AMKL was diagnosed in 40 patients at our institution. The
last follow-up was November 2019, and the median follow-up period was 16.1 months (range, 4.6 to
71.8). Patients with AMKL frequently presented with a long disease history. The median interval to
diagnosis at our institution was 1 month (range, 0-12 months). Additionally, there were no patients with
initial CNS involvement in our cohort. Patient characteristics are summarized in Table 2.

Cytogenetics analysis

Cytogenetic data were available for 37 (92.3%) patients: hypodiploid (n=0), normal karyotype (n=9,
24.3%), pseudodiploid (n=8, 21.6%), 47 to 50 chromosomes (n=12, 32.4%), and >50 chromosomes (n=7,
18.9%). Among 28 patients with chromosomal aberrations, 5 (17.9%) had numerical aberrations only,
6(21.4%) had structural aberrations only, 17 (60.7%) had both, and 13 (46.4%) had complex karyotypes
(three or more independent abnormalities including at least one structural abnormality). Chromosome
gain such as +21, +8, +19 occurred in 13(35.1%), 12(32.4%), and 8(21.6%) patients, respectively. Three
patients (8.1%) had 11q23 aberrations and only 1 patient had t (1;22) (p13; q13). Monosomy 7/7q- and
-5/5q- were found in 3(8.1%) and 2(5.4%) patients, respectively.
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Molecular analysis

Sequencing of the hematopoietic transcription factor GATA1 was performed on 22 patients. Four patients
(18.2 %) were positive for a GATA1-mutation. None of these children was previously diagnosed with DS or
had a history of TMD during the neonatal period. Interestingly, the leukemic blasts of all four patients
showed CD7 surface marker expression, a common feature of DS-AMKL. Three patients were treated by
chemotherapy alone and are in continuous CR. Only one child received HSCT due to the high level of
MRD after induction . Each child with GATA1-mutation was maintained in continuous CR.

Rearrangements of the MLL gene on 11q23 via RT-PCR detection were detected in 4(10.0%) patients, and
one of them was not detected by G-banding. The MLL translocation in this group was MLL-AF4 (n=1),
MLL-AF9 (n=2) and MLL-PTD (n=1).

WT1 and EVI1 overexpression were identi�ed in 33 of 37 (89.2%) and 17 of 29 (58.6%) patients,
respectively.

Early treatment response

Two of the 40 patients transferred to another hospital after induction  without evaluation of the BM
status. One and two patients abandoned treatment with no CR at the end of induction  and ,
respectively. Of the remaining patients, 22 (57.9%) and 30 (81.1%) were in CR after induction  and ,
respectively. Twenty-six (68.4%) had an MRD < 1% and 12 (31.6%) had an MRD > 1% after induction 
(Table 2).

Outcomes

Ultimately, 35 patients were included for survival analysis. The transplant and nontransplant cohorts
comprised of 26 and 9 patients, respectively. Of the 26 patients in the transplant cohort, 16 had haplo-
HSCT, 7 had HLA-MSDT (including 3 had a 6/6 HLA-MSDT), 1 had an HLA-MUDT, and the other 2 had a
UCB donor (1 with a 6/6 HLA-matched donor, 1 with a 4/6 HLA-matched donor). Twenty-three patients
opted for HSCT at CR1. The remaining 3 patients underwent transplantation without achieving CR after
relapse for further salvage treatment and just one of them achieved CR2 for only 2 months after HSCT.
Besides the 3 patients, 7 patients relapsed ultimately after transplantation and the median time between
HSCT and relapse was 3 months range , 0-16 months .

The estimated 2-year probability of OS was 41±13% among 35 patients, 42±15% in the transplant cohort,
and 41±17% in the chemotherapy cohort. The estimated 2-year probability of EFS was 41±10% in all
patients, 49±12% in the transplant cohort, and 21±17% in the chemotherapy cohort. (Fig. 2 and 3)

Factors associated with long-term survival

The patients' clinical characteristics, including gender, age, WBC count at diagnosis, did not affect
survival. Analysis of cytogenetic features for OS demonstrated that patients with +21 or hyperdiploid ( 50
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chromosomes) had signi�cantly better OS than those in other cytogenetic subgroups (Plog-rank=0.048 and
Plog-rank=0.040, respectively).

We also compared the response to induction therapy and survival outcomes between EVI1 high patients
and patients with low/undetectable EVI1. EVI1 high patients had a CR rate of 57.1% after induction  as
compared to 90.9% for the remaining patients (P =0.053). Besides, patients in the EVI1 high cohort tended
to have a lower rates of 2-year OS (54±14% vs 89±10%, Plog-rank=0.089) and EFS (54±14% vs 79±13%,
Plog-rank=0.179); but, the data were not statistically signi�cant. However, EVI1 high patients had a better
OS in transplant cohort than in chemotherapy cohort (Plog-rank=0.009).

Early treatment response also had an impact on the survival rates of non-DS-AMKL patients. The poor
responders had an estimated 2-year OS of only 8±11 % and 2-year EFS of 18±12 %, while good
responders (<5 % BM blasts after induction ) showed a 2-year OS of 74±12 % (Plog-rank=0.023) and 2-
year EFS of 60±14 % (Plog-rank=0.003). Besides, patients with MRD < 1% tended to have a favorable OS
and EFS compared to those with a high level of MRD at the end of induction  (Table 3).

Next, we assessed the therapeutic effect of HSCT. The baseline characteristics were similar between the
nontransplant and transplant cohorts (Table 2). Patients who did not receive HSCT and had an event
before the median time until transplantation (4 months) were excluded. The estimated 2-year OS and EFS
were signi�cantly higher in the transplant cohort than in the chemotherapy cohort (Plog-rank=0.042 and
0.044, respectively).

In the multivariate analysis for 2-year OS and EFS, which included hyperdiploid, +21, early treatment
response as well as post-remission therapy as risk factors, only post-remission therapy (transplant vs
chemotherapy; RR=11.192; 95 % CI, 2.045-61.241; P=0.005 for OS and RR=5.400; 95 % CI, 1.635-17.832;
P=0.006 for EFS, respectively) had independent prognostic signi�cance. For poor early treatment
response, which was statistically signi�cant in the univariate analysis, multivariate analysis indicated a
trend towards poor prognosis (Table 4).

Discussion
The retrospective single-institution study reported the clinical characteristics and outcomes of pediatric
non-DS-AMKL. The 2-year OS and EFS were 41±13% and 41±10%, respectively, similar to outcomes
reported from other studies 6,8,25 . Besides, we assessed the effect of different prognostic factors on the
outcomes of this subtype.

AMKL is characterized by various chromosomal abnormalities, and the focus on cytogenetic analyses
remains of high prognostic importance 8,15,26-28 . Although multivariate analysis did not reveal
signi�cant differences, univariate analysis showed that patients with hyperdiploid had signi�cantly better
OS than those in other cytogenetic subgroup. Another good prognostic factor in our study was +21, which
was especially represented in patients with GATA1-mutation. GATA1-mutation is a characteristic of DS-
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AMKL who have a good prognosis. Similarly, our study showed that all of the 4 cases with GATA1-
mutation remained in remission. Moreover, the research found that GATA1-mutant cases represented a
distinct subset, which was strongly correlated with the signature found in DS-AMKL at the gene
expression level 5 . These patients were not only biologically similar but also clinically similar, which
suggested that they might bene�t from the less intensive chemotherapy regimens given to DS-AMKL
patients 4,6,29,30 . However, it should be pointed out that all patients except 2 with hyperdiploid had +21
in our study and the role of +21 in those patients could not be ignored. Further, we would detect the
prognostic effect of hyperdiploid without +21 in a larger cohort.

Speci�c chromosomal abnormalities and gene mutations could be useful for strati�cation of patients to
develop risk-adapted therapeutic strategies. However, some cases are devoid of known cytogenetic or
molecular prognostic markers. Aberrant expression of speci�c genes may de�ne clinically relevant
biological subsets. For example, EVI1 overexpression was signi�cantly associated with inferior survival in
AML-M4/M5 subtype with MLL rearrangements 31 . In our study, nearly half of AMKL had high EVI1
expression and those patients tended to have low CR and survival rates. Other studies also reported that
EVI1 overexpression was often observed among the AMKL patients, but was not prognostic in this
subtype 31,32 , suggesting a difference in biology based on cell type of origin of leukemia. However, the
result that patients with EVI1 overexpression having a better survival rate after HSCT indicated that
transplantation might eliminate this adverse factor. Unfortunately, we did not analysis the impact of
fusion genes such as NUP98-JARID1A (t(11;15)(p15;q35)) and CBFA2T3-GLIS2 (inv(16)) as relevant
technology has not carried out in our institution.

An assessment of early treatment response is also an essential prognostic factor in pediatric AML. Poor
early treatment response detected by morphology was an adverse prognostic marker in our study which
was in accordance with AML-BFM 04 trial 6 . Additionally, the MRD monitoring is used to improve risk
strati�cation 18,33-34 . Several studies described the effect of MRD status in patients with AMKL after
induction therapy 7,25 . Herein, we observed that patients with MRD >1% had an adverse OS and EFS
compared to patients with MRD <1%. However, some of the patients in our cohort with good MRD
response to induction therapy subsequently relapsed. Failure to detect residual leukemia cells by MFC
due to immunophenotypic shifts might have contributed to disease recurrence 34 . Thus, advances in
MFC integrated with other technology are necessary to improve the sensitivity of MRD testing and
identi�cation of patients who are likely to have a poor treatment response in non-DS-AMKL patients.

At present, the recommendation for allo-HSCT in pediatric non-DS-AMKL patients is still controversial.
AML-BFM 04 trial reported the survival rates between patients, who were transplanted in CR1 or who
received chemotherapy alone, did not differ signi�cantly (5-year OS 70±11 % vs. 63±6 %; P=0.85) 6 .
French ELAM 02 trial based on intensive chemotherapy protocols followed by consolidation reported that
a 5-year OS was 54% 35 . However, a retrospective study by the European Group for Bone Marrow
Transplant (EBMT) revealed that the 3-year OS was 82% for patients undergoing allo-HSCT 36 . Inaba H.
et al. found that transplantation in CR1 did not improve survival, but some patients were salvaged by allo-
HSCT in second CR or had evidence of residual disease 8 . In our study, patients with non-DS-AMKL had
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more than 80% probability of achieving CR at the end of induction therapy, but they had a high rate of
relapse with chemotherapy, especially those without GATA1-mutation. Patients who underwent allo-HSCT
had signi�cantly higher estimated OS and EFS rates than those who received chemotherapy alone.
Besides, poor early treatment response which was a signi�cant predictor of inferior survival outcomes in
univariate, but not multivariate, analysis in our study, indicated that HSCT might have a more signi�cant
antileukemic potential as post-remission treatment than chemotherapy alone. Although improvements in
induction therapy are reported to be bene�cial, the major improvement in the treatment of AMKL must
come in post-remission therapy 37 . Still, the results were interpreted carefully due to the small number of
AMKL patients with allo-HSCT in our study.

Conclusion
In summary, non-DS-AMKL is a rare subtype of AML with a poor prognosis. More comprehensive studies
are needed to optimize the risk strati�cation, such as cytogenetic analysis and early treatment response
in this subtype. With poor OS but CR rates comparable to other AML subtypes, allo-HSCT could be a
better option for post-remission therapy than conventional chemotherapy especially for those having a
poor response to induction therapy.
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Tables
Table 1 AML protocols in our institution

Treatment and medicine Dose Time
AIE    

cytarabine 100-150mg/(m2·d) D1-7
idarubicin 10mg/(m2·d) D3,5
etoposide 100-150mg/(m2·d) D6-8

HA
homoharringtonine

 
4-6mg/(m2·d)

 
D1-7

cytarabine 100-150mg/(m2·d) D1-7
HDAra-C

cytarabine 
idarubicin

 
2g/(m2·d)
10mg/(m2·d)

 
D1-4
D2,4

 

 

 

Table 2 Characteristics of patients in non-DS-AMKL

https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.12444
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.12444
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Parameter Patients No. Chemotherapy Cohort(n=9 Transplant Cohort(n=26 P-value
Age,mon       .327
Median(range) 21(3-72) 19(3-48) 21(10-72)  

12 8(20.0%) 3(33.3%) 4(15.4%)  
12 32(80.0%) 6(66.7%) 22(84.6%)  

Sex       .349
male 21(52.5%) 6(66.7%) 13(50.0%)  

female 19(47.5%) 3(33.3%) 13(50.0%)  
WBC count,×109/L       .840
Median(range) 13.95(2.25-121.41) 8.42(4.46-37) 14.99(2.25-121.41)  

<20 27(67.5%) 6(66.7%) 18(69.2%)  
>20 13(32.5%) 3(33.3%) 8(30.8%)  

Hemoglobin,g/L       .210
Median(range) 86(41-125) 72(52-109) 89(41-125)  
Platelet count,×109/L       .339
Median(range) 27(3-359) 31(5-339) 25(3-359)  
Cytogenetics        
+21 13(35.1%) 4(44.4%) 9(39.1%) .791
Hyperdiploid 7(18.9%) 2(22.2%) 5(27.1%) .977
CR after induction 1       .847

Yes 22(57.9%) 6(66.7%) 16(61.5%)  
No 16(42.1%) 3(33.3%) 10(38.5%)  

CR after induction 2       .761
Yes 30(81.1%) 8(88.9%) 22(84.6%)  
No 7(18.9%) 1(11.1%) 4(15.4%)  

MRD after induction 1       .678
<1% 26(68.4%) 7(77.8%) 18(69.2%)  
>1% 12(31.6%) 2(22.2%) 8(30.8%)  

CR complete remission; MRD minimal residual disease; WBC white blood cell. 

 

 

 

Table 3 Univariate analysis of factors associated with long-term outcomes in non-DS-AMKL
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Factors No. Of Cases 2-Year OS(%) P-value 2-Year EFS(%) P-value
Sex     .1   .199

Male 19 30±15   31±12  
Female 16 60±22   58±15  

Age(mon)     .470   .731
<12 7 64±21   64±21  
>12 28 41±13   40±11  

WBC count,109/L     .137   .329
<20 24 50±14   46±12  
>20 11 0   30±18  

Cytogenetics          
Complex 12 62±15 .909 55±15 .967

t(v;11q23)/MLL rearrangements 4 60±22 .832 60±22 .705
+21 13 76±16 .048 53±16 .358
+8 11 64±15 .217 49±20 .434

Hyperdiploid 7 100 .040 49±27 .327
EVI1 overexpression     .089   .179

Yes 14 54±14   54±14  
No 11 89±10   79±13  

CR after induction     .023   .003

Yes 22 74±12   60±14  
No 13 8±11   18±12  

CR after induction      .135   .086
Yes 30 57±14   50±11  
No 5 0   13±17  

MRD after induction      .007   .001
<1% 25 61±15   57±12  
>1% 10 24±16   7±10  

Transplant     .027   .044
Yes 26 46±16   49±12  
No 9 41±17   21±17  

CR complete remission; MRD minimal residual disease; WBC white blood cell. 

 

 

Table 4 Multivariable Cox regression analysis for OS and EFS

  OS EFS
  HR 95%CI P-value HR 95%CI P-value
Hyperdiploid 1.001 .257-3.897 .961 2.287 .424-12.330 .336
+21 2.792 .420-18.561 .288 0.865 .237-3.162 .826
CR after induction I 1.010 .175-5.811 .991 3.483 .838-14.470 .086
MRD after induction I 1.802 .364-8.918 .471 2.986 .813-10.969 .099
Transplant 11.192 2.045-61.241 .005 5.400 1.635-17.832 .006

CI confidence interval; CR complete remission; EFS event-free survival; HR high risk; MRD minimal residual disease; OS overall survival.

Figures

Figure 1

Flow chart of AML protocol in our institution.
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Figure 2

Kaplan-Meier estimates of 2-year OS in the transplant and chemotherapy cohort.

Figure 3

Kaplan-Meier estimates of 2-year EFS in the transplant and chemotherapy cohort.


