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Introduction

Cytogenetic abnormalities are considered one of the most 
important prognostic factors in AML. Complex karyotype 
(CK), which is defined as ≥ 3 unrelated chromosomal abnor-
malities, is specifically associated with poor prognosis in 
AML [1]. CKs are very heterogeneous at cytogenetic level 
including numerical changes and structural abnormalities. 
AML with gaining of only three or more whole chromo-
somes, i.e., HHK with ≥ 49 chromosomes without structural 
abnormalities is not considered as CK and is classified into 
the intermediate risk category by recommendations of the 
European Leukemia Net (ELN) [1]. Meanwhile, AML with 
≥ 49 chromosomes and additional structural abnormalities 
are classified into the adverse risk category. However, sur-
vival outcomes of HHK AML with only numerical changes 
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Abstract
High hyperdiploid karyotype with ≥ 49 chromosomes (which will be referred to as HHK) is rare in acute myeloid leuke-
mia (AML). The European leukemia network (ELN) excluded those harboring only numerical changes (with ≥ 3 chromo-
some gains) from CK and listed them in the intermediate risk group, while the UK National Cancer Research Institute 
Adult Leukaemia Working Group classification defined ≥ 4 unrelated chromosome abnormalities as the cutoff for a poorer 
prognosis. Controversies occurred among studies on the clinical outcome of HHK AML, and their molecular characteris-
tics remained unstudied. We identified 1.31% (133/10,131) HHK cases within our center, among which 48 cases only had 
numerical changes (NUM), 42 had ELN defined adverse abnormalities (ADV) and 43 had other structural abnormalities 
(STR). Our study demonstrated that: (1) No statistical significance for overall survival (OS) was observed among three 
cytogenetic subgroups (NUM, STR and ADV) and HHK AML should be assigned to the adverse cytogenetic risk group. 
(2) The OS was significantly worse in HHK AML with ≥ 51 chromosomes compared with those with 49–50 chromosomes. 
(3) The clinical characteristics were similar between NUM and STR group compared to ADV group. The former two 
groups had higher white blood cell counts and blasts, lower platelet counts, and mutations associated with signaling, while 
the ADV group exhibited older age, higher chromosome counts, higher percentage of myelodysplastic syndrome (MDS) 
history, and a dominant TP53 mutation.
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are inconsistent among different studies. The UK National 
Cancer Research Institute Adult Leukaemia Working Group 
classification defined 4 or more unrelated chromosome 
abnormalities as the cutoff for a significantly poorer prog-
nosis and ≥ 3 trisomies without structural aberrations was 
an independent adverse prognostic factor for OS [2]. Mean-
while, Stölzel et al. reported that HHK AML cases without 
structural abnormalities or monosomies have an adverse 
risk similar to those with structural changes [3]. Another 
study involving 38 HHK AML with only numerical changes 
showed that it should be classified into the intermediate prog-
nostic group [4]. Also, different types of structural changes 
involved in HHK AML, including those without clear con-
nections with prognosis and those already being listed in 
the adverse risk group (like − 5, del(5q) and − 7), may also 
yield very different disease outcomes [5]. Additionally, gene 
mutations associated with poorer outcome are also present 
in AML with CK. Weinberg et al. reported a TP53 mutation 
rate of 83% in CK AML, which is associated with a poorer 
prognosis [6]. However, their study did not further separate 
the numerical changes and structural abnormalities involved 
and little has been studied on the molecular characteristics 
of HHK AML with or without structural abnormalities.

Based on the former studies and controversies, our study 
was designed to retrospectively analyze the character-
istics of 133 HHK AML patients. As far as we know, our 
study represents the largest group of AML cases with HHK 
reported to date from a single center in China. The aims 
of this study were threefold: (1) To ascertain whether HHK 
AML with and without structural changes are prognostically 
distinct. (2) To further divide HHK AML into smaller cat-
egories according to the presence of certain chromosome 
abnormalities and identify differences between the catego-
ries. (3) To describe the clinical and biological features of 
HHK AML.

Patients and methods

Patient enrollment

A retrospective study was performed in AML patients 
from Jiangsu Institute of Hematology between January 
2006 and December 2022. In all, 133 AML patients with 
≥ 49 chromosomes without t(8;21), t(8;16), t(9;11)/MLL 
rearrangement and inv(16) were selected from the total of 
10,131 AML patients. Their medical records were carefully 
reviewed and diagnoses were confirmed. We divided them 
into three groups: (1) patients who only have chromosome 
gains (NUM); (2) patients having cytogenetic abnormali-
ties classified into the ELN adverse group (ADV) includ-
ing − 5, del(5q), -7, -17, abn(17p), t(6;9), and monosomy; 

(3) patients with other structural abnormalities (STR). The 
study was approved by the Ethics Committee of the First 
Affiliated Hospital of Soochow University, and informed 
consent forms were collected from all enrolled patients.

Cytogenetics

Conventional karyotype was performed on metaphase cells 
which was cultured from bone marrow cells before treat-
ment initiation. An R-banding assay was used for karyo-
typic analysis. At least 10 metaphases were analyzed and 
an average of 15 metaphases were analyzed [7]. The abnor-
malities were described according to the International Sys-
tem for Human Cytogenomic Nomenclature (ISCN 2016).

Next generation sequencing

Targeted next generation sequencing (NGS) was performed 
by the experts from the department of Molecular Biology 
Laboratory in our center following a previously described 
procedure [8]. The NGS panels were different but 51 genes 
were commonly included. The minimum cut-off of variant 
allele frequency (VAF) was 1%. The interpretation of NGS 
results were also performed based on a recognized guideline 
[9].

Treatment and criteria for response

Among the 133 AML patients with high hyperdiploid karyo-
type, 101 had accessible treatment records. In all, 90 patients 
received standard “7 + 3” chemotherapy, 9 patients received 
supportive treatment only and 2 patients died before initia-
tion of any treatments. 30 patients received hematopoietic 
stem cell transplantation (HSCT). The complete remission 
(CR) and relapse status were defined according to ELN 
2022 [1].

Statistical analysis

Continuous variables were demonstrated as median and 
interquartile range (IQR), and non-parametric test was 
used to compare differences. Categorical variables were 
described using frequencies and tested by chi-squared/
Fisher’s method. OS was calculated from the date of con-
firmed diagnosis to date of death or last follow-up, and the 
patients who received HSCT were censored at the time of 
transplantation. The follow-up time of enrolled patients was 
0-102.3 months (median, 8.1 months). Kaplan-Meier sur-
vival analysis was performed to estimate OS and the groups 
were compared through χ2 and Mantel–Haenszel tests. 
Simon-Makuch plot with Mantel-Byar test was performed 
to evaluate the effect of HSCT on OS [10]. Univariate and 
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multivariate Cox proportional hazards regression analyses 
were performed to identify independent prognostic factors 
associated with OS. The statistical analyses were performed 
by GraphPad Prism 8.0.2 (GraphPad software, San Diego, 
CA) and the mutations were visualized using the R package 
GenVisR in RStudio 4.2.1 [11]. A P-value of < 0.05 was 
considered statistically significant.

Results

Patient cohort

Among 10,131 AML patients diagnosed between Janu-
ary 2006 and December 2022, 133 (133/10,131, 1.31%) 
had ≥ 49 chromosomes. 48 patients only had chromosome 
gains and were classified into the NUM group, 43 and 42 
patients were classified into STR and ADV group, respec-
tively (Fig.  1). The patients’ characteristics are shown 
in Table 1. Patients within the ADV group had older age, 
lower white blood cell counts (WBC), higher platelet 

counts (PLT) and lower bone marrow blasts compared with 
the NUM and STR group (P < 0.05). There was no signifi-
cant difference between the hemoglobin counts (HB) and 
lactate dehydrogenase (LDH) in the three groups. The pro-
portions of patients who received HSCT were similar in 3 
groups. 8 (8/42, 24.3%) AML patients from the ADV group 
had the history of MDS while only 4% (1/48) NUM cases 
and 12.5% (4/43) STR cases were developed from MDS. 
There’s no significant difference between the 2-year and 
5-year survival and overall survival of the 3 subgroups.

Cytogenetic features

We comparatively analyzed the modal numbers (MN) of 
chromosomes between the three subgroups (Fig.  2A and 
B). Among 133 HHK patients, the most common MN 
was 51–55 (46/133, 34.6%), followed by MN 49 (38/133, 
28.6%), MN 56–65 (26/133, 19.5%) and MN 50 (23/133, 
17.3%). The distribution of patients according to MN of 49, 
50, 51–55, 56–65 in each group was shown in Table 1. The 
frequency of each MN was similar between NUM and STR 

Fig. 1  The flowchart depicts the selection of AML patients with 49 
and more chromosomes. From 10,131 non–M3 AML patients, 133 
had ≥ 49 chromosome 0.42 patients were classified into the ADV 
group for having ELN defined adverse cytogenetic abnormalities, 

including − 5, del(5q), -7, -17, abn(17p), t(6;9) and monosomy. 48 
patients only had chromosome gains and were classified into the NUM 
group. 43 patients had other structural changes and was grouped into 
the STR group
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Fig. 2  The cytogenetic features of HHK AML patients from numerical, 
structural and adverse categories. (A) The distribution of chromosome 
amount of three groups. (B) The proportion of patients with different 

chromosome numbers. (C) Frequency distributions of chromosome 
gains in the three subgroups. (*P < 0.05, **P < 0.01. ***P < 0.001)

 

Numerical Structural Adverse P-value
Number of patients 48 43 42
Male/Female 24/24 19/24 22/20 0.73
Age 47(35–56) 44(30.8–59) 58(43.5–65.8) 0.024
Chromosome number < 0.001

49 15(30.6%) 18(41.9%) 5(11.9%)
50 9(18.4%) 6(14%) 8(19%)
51–55 19(40.8%) 15(32.6%) 12(28.6%)
56 5(10.2%) 4(9.3%) 17(40.5%)

White blood cell (*109/L) 13.3(3-92.5) 26.4(5.3-113.2) 3.3(2–8) 0.012
Hemoglobin (g/L) 72(60-97.5) 83(62.5–97.8) 74.5(67-104.5) 0.65
Platelet (*109/L) 45(20.8–84.8) 43(21.8–76.5) 68.9(8-265) 0.015
Bone marrow blast (%) 60.1(45-77.6) 72(44–86) 39.8(25.5–58.9) 0.04
Lactic dehydrogenase 
(U/L)

385(213-667.4) 497.7(340.4–758) 382(244–597) 0.24

HSCT (n = 101) 14(36.8%) 13(38.2%) 10(34.5%) 0.95
Complete remission 
(n = 98)

18(51.4%) 12(54.5%) 14(46.7%) 0.82

Relapse (n = 98) 4(12.5%) 8(26.7%) 8(22.2%) 0.35
MDS history (n = 90) 1(4%) 4(12.5%) 8(24.3%) 0.087
2-year survival (n = 68) 7(30.4%) 5(20.8%) 4(19.4%) 0.75
5-year survival (n = 68) 1(2.9%) 4(16.7%) 2(9.5%) 0.46
Median follow-up (months) 6.6(2.6–26) 10.2(4.2–19.5) 6.2(3.5–15.1) 0.65

Table 1  Characteristics of AML 
patients with 49 and more chro-
mosomes (n = 133)

HSCT = hematopoietic stem cell 
transplantation
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in the ADV group. Chromosome 1, 2, 6, 10, 11, 14 and 22 
were significantly more commonly gained in ADV group 
(P < 0.05). Chromosome 1 was gained by 40.5% (17/42) 
patients in the ADV group while only 1 patient (1/48, 2%) 
in the NUM group and 6 patients (6/43, 14%) in the STR 
group had + 1. Also, gaining of chromosome 11 was found 
in 15 patients in ADV group (15/42, 35.7%), but was found 
only in 3 patients in NUM group (3/48, 6.1%) and 3 patients 
in STR group (3/43, 7%).

Mutations

NGS was performed in 51 patients and the results were 
shown in Fig.  3. Mutations were detected in 49 patients 
(49/51, 96.1%) and the most common mutation was TP53, 
which was detected in 23.5% (12/51) of the patients. 
Mutated ASXL1, KRAS and FLT3-ITD were detected in 
19.6% (10/51), 19.6% (10/51) and 18.4% (9/51) of patients 
respectively. Despite the fact that TP53 was the most fre-
quent mutated gene, 11 of the 12 TP53 mutations were 
detected in the ADV cases. 68.8% (11/16) of patients from 
the ADV group had TP53 mutation, while only 1 patient 
from the NUM group and no patient from the STR group 
had mutated TP53. ASXL1 mutation was mostly found in 
NUM cases (7/10, 70%) while being infrequent in STR and 
ADV cases. KRAS was mutated in 22.2% (4/18) patients 
from the NUM group and 29.4% (5/17) from the STR group 
and only 1 patient from the ADV group had KRAS mutation. 

group. 50% (24/48) of patients in NUM group and 55.8% 
(24/43) in STR group had an MN of 49–50. 40.8% (19/48) 
of patients in NUM group and 32.6% (15/43) patients in 
STR group had an MN of 51–55. Only 10.2% (5/48) patients 
in NUM group and 9.3% (4/43) in STR group had an MN of 
56–65. Meanwhile, 40.5% (17/42) of patients in ADV group 
had an MN more than 56, 31% (13/42) had an MN of 49–50, 
28.6% (12/42) had an MN of 51–55. Patients with the MN 
of more than 51 comprised 50% (24/48), 44.2% (19/43) and 
69% (29/42) of all cases in NUM, STR and ADV group, 
respectively.

We also studied the distribution of the number of the 
gained chromosomes among the three subgroups (Fig. 2C). 
Among the 133 HHK AML, the most frequently gained 
chromosomes were 8 (89/133, 66.9%), 21 (64/133, 48.1%), 
19 (45/133, 33.8%), 6 (43/133, 32.3%) and 4 (41/133, 
30.8%). The pattern of chromosome gain was also stud-
ied within three subgroups. Chromosome 8 was gained by 
69.4% (34/48) of NUM cases, 69.8% (30/43) of the STR 
cases, and 59.5% (25/42) of the ADV cases, followed by 
chromosome 21 (30/48, 61.2%; 20/43, 46.5% and 14/42, 
33.3%), 19 (21/48, 42.9%; 11/43, 25.6% and 13/42, 31%), 
6 (13/48, 26.5%; 10/43, 23.3% and 20/42, 47.6%), and 4 
(19/48, 38.8%;12/43, 27.9% and 10/42, 23.8%).The least 
gained chromosomes were chromosome 17 and 2, which 
were detected in 7.5% (10/133) and 9% (12/133) of all cases. 
While the pattern of chromosome gain was similar between 
the NUM and STR group, several differences were noticed 

Fig. 3  Heatmap of most frequent mutations divided by numerical (purple) structural (red) and adverse (pink) groups. Patients without any mutation 
was indicated by grey. The most common mutations were TP53, ASXL1, KRAS and FLT3-ITD
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survival outcome was significantly better in patients who 
received HSCT (Fig. 4E).

In order to find the correlation between gaining of cer-
tain chromosomes and disease outcomes, we chose the 4 
most frequently gained chromosomes (8, 21, 19 and 4) and 
performed survival analysis. However, we found no signifi-
cant differences between patients with or without gaining 
of these chromosomes, both in all cases and in NUM cases 
only (Supplementary Figure S1). Gaining of several chro-
mosomes (like 1 and 11) were significantly more common 
in ADV cases compared with NUM and STR cases, we then 
included gaining of these chromosomes in univariate and 
multivariate Cox proportional hazards regression analyses 
to study prognosis related factors in ADV AML (Table 2). 
Age, monosomal karyotype and TP53 mutation was also 
included. Although gaining of chromosome 11 was sig-
nificantly related to poorer prognosis in univariate analyses 
(P = 0.041), it was not an independent prognostic factor in 
multivariate analyses. TP53 mutation, monosomal karyo-
type and other trisomies were also not significantly related 
to prognosis.

FLT3-ITD mutation was also more common in the NUM 
and STR subgroup. Apart from TP53, no other gene muta-
tion was frequently found in patients from the ADV group.

Survival analysis

As was shown in Fig. 4A; Table 1, the overall survival was 
not significantly different between the three groups. We also 
compared the OS of HHK AML patients with and without 
adverse chromosome abnormalities and there was no sig-
nificant difference between them (Fig. 4B). We attempted to 
identify the influence of modal number of chromosomes on 
the outcome of these patients. Figure 4C showed that there 
was a significant difference between the OS of HHK patients 
with 49–50 chromosomes and patients with ≥ 51 chromo-
somes, the later had a worse prognosis (P = 0.047). For 
patients in the NUM group, harboring ≥ 51 chromosomes 
was also associated with a worse prognosis (P = 0.033) 
(Fig. 4D). The proportion of patients who received hema-
topoietic stem cell transplantation (HSCT) were similar 
between the NUM, STR and ADV group and we investi-
gated the impact of HSCT on these patients’ survival. The 

Fig. 4  Kaplan-Meier survival analysis of HHK AML patients. (A) OS 
of AML patients from the NUM group (median, 6.6 months), STR 
group (median, 10.2 months) and ADV group (median, 6.2 months), 
P = 0.31. (B) OS of all patients with (median, 6.6 months) and without 
(median, 8.3 months) adverse genetic, P = 0.22. (C) OS of all patients 
based on chromosome numbers; 49–50 chromosomes (median, 10.8 
months) vs. ≥ 51 chromosomes (median, 5.9 months), P = 0.047. (D) 

OS of NUM patients based on chromosome numbers; 49–50 chro-
mosomes (median, 8.7 months) vs. ≥ 51 chromosomes (median, 2.9 
months), P = 0.033. (E) Simon-Makuch plot with mantel-Bayer test 
for overall OS between patients received HSCT and those did not. 
Mantel-Byar test P = 0.027, HR = 0.51). (HR = hazard ratio; CI = con-
fidence interval)
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that the NUM and STR groups were more alike, with high 
WBC and BM blasts upon diagnosis, although they were 
classified into different risk categories by ELN. The ADV 
group, probably due to their MDS-related abnormalities, 
had lower WBC counts and blasts.

Our findings of MN of chromosomes and gaining of chro-
mosomes were partially consistent with the previous stud-
ies but we found a more obvious similar cytogenetic pattern 
of the NUM and STR group and a more distinct pattern 
of the chromosome abnormalities of ADV cases. Previous 
studies identified chromosomes 8 and 21 as the most com-
monly gained chromosomes in HHK AML [4, 5], and this 
pattern was similar to our results. Chromosome 8 was the 
most frequently gained chromosome in all 3 groups, a study 
reported that gaining of chromosome 8 in AML patients did 
not affect the disease outcome and we had the same result 
[14]. The second most commonly gained chromosomes was 
chromosome 21, which was found to have no impact on dis-
ease outcomes of AML as well, we also reached the same 
conclusion [15]. It was reported that, AML with trisomy 19 
and 4 as a sole abnormality or within karyotypes character-
ized by trisomies only had a significantly better outcome 
[16, 17]. However, probably due to the fact that many other 
chromosome abnormalities were combined, we found no 
significant differences in OS between cases with or with-
out gaining of chromosome 19 or 4, both in all cases and 
in NUM cases only. This may suggest that, although as the 

Discussion

Whether to generally define HHK AML as CK AML or clas-
sify HHK AML into the adverse risk category is a matter of 
debate. Considering the heterogeneity and the inconsistency 
of the outcome of HHK AML in different studies and the 
fact that few studies have been conducted, we hereby thor-
oughly analyzed the data from our center to demonstrate the 
clinical and biological characteristics of HHK AML.

Previous studies showed that 10-12% AML have com-
plex karyotypes [12], while HHK is more rare and only 
presents in < 2% AML cases [13]. HHK was identified in 
1.31% (133/10,131) of AML cases from our center, which 
was consistent with previous studies [5].We reported the 
largest cohort of HHK in China so far and we compare the 
prognosis and biological features of three separate HHK 
subgroups. Patients from NUM and STR groups had sig-
nificantly higher WBC counts and BM blasts compared to 
the ADV group, while patients in the ADV group were older 
and had a higher proportion of MDS history. The results are 
consistent with the study by Chilton et al. [5]. In our study, 
the distribution of modal chromosome numbers and the per-
centage of gaining of different chromosomes were similar 
between the NUM and STR group. Whereas more differ-
ences were found in the ADV group with higher modal num-
bers and gaining of chromosome 1, 2, 6, 10, 11, 20 and 22 
in a higher proportion (P < 0.05). Therefore, we speculated 

Table 2  Univariate and multivariate Cox proportional hazards regression analyses for prognostic factors in ADV AML (n = 42)
Variables Univariate Multivariate

β S.E Z P HR (95%CI) β S.E Z P HR (95%CI)
Age 0.00 0.01 0.29 0.768 1.00 (0.98 ~ 1.03) 0.01 0.02 0.56 0.576 1.01 (0.98 ~ 1.04)
Monosomy
  No 1.00 (Reference) 1.00 (Reference)
  Yes 0.60 0.55 1.08 0.279 1.82 (0.62 ~ 5.38) 0.81 0.75 1.08 0.281 2.24 (0.52 ~ 9.73)
TP53
  No 1.00 (Reference) 1.00 (Reference)
  Yes 0.43 0.51 0.84 0.401 1.53 (0.57 ~ 4.16) -0.59 0.86 -0.68 0.498 0.56 (0.10 ~ 3.03)
Trisomy 1
  No 1.00 (Reference) 1.00 (Reference)
  Yes 0.15 0.48 0.31 0.758 1.16 (0.45 ~ 2.97) 0.01 0.74 0.01 0.994 1.01 (0.23 ~ 4.32)
Trisomy 10
  No 1.00 (Reference) 1.00 (Reference)
  Yes -0.49 0.59 -0.83 0.406 0.61 (0.19 ~ 1.94) -0.92 0.84 -1.09 0.275 0.40 (0.08 ~ 2.08)
Trisomy 11
  No 1.00 (Reference) 1.00 (Reference)
  Yes 1.07 0.53 2.04 0.041 2.92 (1.04 ~ 8.18) 1.10 0.63 1.75 0.081 3.01 (0.87 ~ 10.39)
Trisomy 14
  No 1.00 (Reference) 1.00 (Reference)
  Yes 0.08 0.49 0.16 0.876 1.08 (0.41 ~ 2.81) -0.39 0.99 -0.40 0.691 0.67 (0.10 ~ 4.69)
Trisomy 22
  No 1.00 (Reference) 1.00 (Reference)
  Yes 0.19 0.49 0.38 0.701 1.21 (0.46 ~ 3.14) 1.05 1.10 0.96 0.337 2.87 (0.33 ~ 24.63)
HR = Hazard Ratio, CI = Confidence Interval
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combined these two groups to one and compared it with 
the ADV group. Even though there still was no statistical 
difference, the survival curve showed that the ADV cases 
had relatively worse outcome. Our findings were more simi-
lar to the 2016 study conducted by Stölzel et al., in which 
they concluded that HHK AML patients with only numeri-
cal changes had an adverse risk [3]. A study conducted by 
Chilton et al. in 2013 reported that the OS of HHK AML 
with adverse chromosome abnormalities were significantly 
worse than those without adverse abnormalities [5]. How-
ever, they studied cases from 1988 to 2009 and they did not 
mention the influence of HSCT while we found that HSCT 
could significantly improve the OS of HHK AML patients 
(P = 0.027). Our cases were more recent and probably had 
higher HSCT rate, which may increase the prognosis and 
decreased the differences of OS between the two groups.

Furthermore, we found that both in all patients and in 
NUM patients only, cases harboring 49–50 chromosomes 
had a significantly better OS than those with ≥ 51 chromo-
somes (P = 0.033). Although patients with only numerical 
changes were classified into the intermediate risk group, we 
found that the prognosis of NUM cases was similar to STR 
and ADV case. Moreover, NUM cases with ≥ 51 chromo-
somes had a worse outcome than those with 49–50 chro-
mosome, indicating heterogeneity among these patients, 
and they may not be generally classified into the intermedi-
ate risk group. The UK National Cancer Research Institute 
Adult Leukaemia Working Group defined ≥ 4 aberrations as 
a cut-off of poorer outcomes in CK AML [3].We defined 
that ≥ 51 chromosomes, which means ≥ 5 chromosome 
gains, as a cut-off of worse outcomes for HHK AML, which 
to some extent compensated for the previously defined cut-
off for CK AML.

Conclusion

HHK AML is a heterogenous group with differential clini-
cal characteristics and outcomes. NUM and STR AML 
had similar modal chromosome distributions and gaining 
of chromosomes while the ADV group showed a distinct 
pattern. Higher WBC counts and blasts, infrequent TP53 
mutation and frequent signaling pathway associated muta-
tions were discovered in the former two groups. Therefore, 
although all presented with a poor outcome and the STR 
and ADV AML are actually listed together in the adverse 
risk group, the NUM and STR AML were more alike, clini-
cally, cytogenetically and biologically. The prognosis in 
NUM, STR and ADV groups were not distinct and were all 
poor, NUM cases with ≥ 51 chromosomes had a poorer sur-
vival than those with 49–50 chromosomes. Therefore, we 
believed that HHK AML with numerical changes only may 

sole or dominant abnormality, trisomy 19 and 4 are associ-
ated with a better disease outcome, but when being part of 
a more complex karyotype like HHK, the impact of a single 
chromosome gaining is weakened.

Some chromosomes were more frequently gained in 
ADV cases than in NUM and STR cases, and among them, 
gaining of chromosome 1 and 11 were previously studied 
in association with disease outcomes. A study incorpo-
rated 3 AML cases with trisomy 1q resulting from unbal-
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reported that TP53 mutation was an independent factor 
related to worse prognosis in CK AML [6], whereas we did 
not identify TP53 mutation as a prognosis related factor in 
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structural changes is even more complicated than CK.
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not be generally classified into the intermediate risk group. 
The cut-off for worse survival, which we defined as ≥ 51 
chromosomes, could be applied to all HHK patients.
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