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Integrative clinical and molecular characterization of an 
acute promyelocytic leukemia-like subgroup with high 
early death risk in newly diagnosed acute myeloid 
leukemia: a multicenter study

Acute promyelocytic leukemia (APL)-like leukemia is a 
subset of non-APL acute myeloid leukemia (AML) which 
has gained increasing attention, displaying a CD34 and 
HLA-DR double-negative immunophenotype that resem-
bles that of APL. While previous studies of APL-like AML 
(APLL) focused on NPM1 mutations,1-3 further molecular 
characterization of APLL has not been extensively elucidat-
ed. Moreover, clinical outcomes of APLL, particularly early 
outcomes, have not been clearly presented. Therefore, on 
the basis of the largest APLL cohort to date, we present 
the features of a unique APLL subgroup of AML with dis-
tinct molecular profiles and elevated risk of early death. 
In this multicenter study, we screened consecutive patients 
diagnosed with AML between January 2017 and Novem-
ber 2022. A cohort of 871 newly diagnosed AML patients 
with complete clinical data were included in this study. 
APLL was defined as AML with an immunophenotype of 
CD34 and HLA-DR double negativity on the basis of a 20% 
threshold in flow cytometry analysis, along with the ab-
sence of retinoic acid receptor α/β/γ (RARA/RARB/RARG) 
rearrangements. Early death was defined as death from 
any cause within 60 days after initial diagnosis. This study 
was approved by the Ethics Committee of the First Affil-
iated Hospital of Soochow University and was conducted 
in accordance with the principles of the Declaration of 
Helsinki.
Of the 871 newly diagnosed AML patients, 241 (27.7%) 
were defined as having APLL according to immunophe-
notypic features, 123 (14.1%) as having APL by detection of 
a PML::RARA fusion and 507 (58.2%) as ‘Other AML’. The 
clinicopathological characteristics of the study cohort 
are summarized in Table 1. Of the 241 APLL patients, 131 
(54.4%) were male and their median age was 50 years 
(interquartile range, 38-58 years). One-hundred and eight 
(44.8%) APLL patients had overt disseminated intravascular 
coagulopathy (DIC) at diagnosis, a proportion significantly 
higher than the 15.8% in ‘Other AML’ (P<0.001). Similarly, 
the prevalence of major bleeding/thrombotic events before 
induction within the APLL group was significantly higher 
than in the ‘Other AML’ group (9.5% vs. 0.6%, P<0.001). 
APLL patients had a significantly higher blast burden 
(71.3% vs. 59.0%, P<0.001) than ‘Other AML’ patients and 
distinct immunophenotypic features beyond the double 
negativity. For genomic alterations, NPM1 mutation pre-
dominated in APLL and was significantly more common 

than in ‘Other AML’ (78.8% vs. 24.4%, P<0.001) (Figure 1A). 
Besides, cases of NPM1-mutated APLL presented signifi-
cantly higher NPM1 mutation variant allele frequencies 
than NPM1-mutated ‘Other AML’ (40.1% vs. 37.7%, P=0.016) 
(Online Supplementary Figure S1A). Regarding mutations 
of various signaling pathways, APLL exhibited dominant 
prevalence in functional pathways including transcrip-
tion factors, activated signaling and epigenetic regu-
lators (Online Supplementary Figure S1B). Within APLL, 
co-mutation analysis (Online Supplementary Figure S1C) 
demonstrated overlapping mutations of NPM1 with IDH1/2 
(P<0.001), DNMT3A (P<0.001), FLT3-ITD (P=0.002) and TET2 
(P=0.012). NPM1 mutations were mutually exclusive with 
NRAS/KRAS mutations (P=0.044). Apart from the central 
role of NPM1 mutations, there was a series of additional 
molecular subtypes within APLL (Online Supplementary 
Figure S1D), including AML with KMT2A rearrangement 
(4.6%), core binding factor AML (4.1%), AML with CEBPA 
mutation (3.7%), etc.  
RNA-sequencing analysis was performed to explore tran-
scriptomic characteristics of APLL. Gene Ontology analysis 
of differentially expressed genes indicated upregulation 
of myeloid cell differentiation pathways comparing ‘Other 
AML’ patients and healthy donors (Online Supplementa-
ry Figure S1E, F). Besides, Gene set enrichment analysis 
revealed that the APL gene set was upregulated in APLL 
(Online Supplementary Figure S1G). Next, unsupervised 
hierarchical clustering of the gene expression profile 
was performed. It was found that 34 of 52 (65.4%) APLL 
samples were clustered together, suggesting a potential 
distinct entity (Figure 1B). Based on the distribution of 
APLL samples within the cluster, we interpreted it as 
two parts. Thirty-one of 34 (91.2%) APL-like samples were 
clustered as a consecutive part of Ga. For the rest of the 
cluster (Gb), whose data were primarily from the BeatAML 
database, we found that differentially expressed genes of 
Gb against other BeatAML data were similar to those of Ga 
compared to other AML (Online Supplementary Figure S1H, 
I). This indicated that Gb exhibited similar gene expression 
profiles to Ga. The analysis of 38 patients with available 
information from Gb demonstrated that these patients 
also presented APL-like immunophenotypic features (On-
line Supplementary Figure S1J). We assumed that patients 
from Gb met the criteria of APLL and the whole cluster 
represented an APLL cluster, further indicating that APLL 
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Parameter APL-like AML
N=241

APL
N=123

Other AML
N=507

P
(APL-like 

AML 
vs. APL)

P
(APL-like 
AML vs.

Other AML)

P
(APL vs.

Other AML)

Age, years, median (IQR) 50.0 (38.0-58.0) 35.0 (28.0-48.0) 42.0 (32.0-53.0) <0.001 < 0.001 0.002

Male sex, N (%) 131 (54.4) 62 (50.4) 241 (47.5) 0.475 0.081 0.567

ECOG score, N (%)
0-2
3-4

206 (85.5)
35 (14.5)

104 (84.6)
19 (15.4)

477 (94.1)
30 (5.9)

0.814
-
-

<0.001
-
-

<0.001
-
-

Complete blood count, median (IQR)
WBC, x109/L
Hemoglobin, g/L
Platelets, x109/L

48.61 (15.51-103.23)
80.0 (70.0-97.0)
49.0 (27.5-94.5)

4.17 (1.29-20.81)
90.0 (73.0-113)
25.0 (14.0-47.0)

20.75 (5.13-64.19)
80.0 (65.0-98.0)
39.0 (20.0-76.0)

<0.001
0.001

<0.001

<0.001
0.415
0.008

<0.001
<0.001
<0.001

Biochemistry, median (IQR)
LDH, U/L
Albumin, g/L

489.1 (284.7-857.3)
36.00 (32.35-40.00)

335.0 (210.0-575.0)
41.90 (37.08-44.55)

427.8 (257.5-666.0)
35.20 (32.05-38.55)

<0.001
<0.001

0.005
0.148

0.008
<0.001

Coagulation, N (%)
Overt DICa

MBE/MTE before inductionb
108 (44.8)

23 (9.5)
110 (89.4)
16 (13.0)

80 (15.8)
3 (0.6)

<0.001
0.312

<0.001
<0.001

<0.001
<0.001

Morphology, median (IQR)
BMB or BMAP, % 71.3 (49.0-85.0) 84.0 (75.5-90.3) 59.0 (40.5-77.5) <0.001 <0.001 <0.001

Immunophenotype, N (%)
CD13 positive
CD33 positive
CD117 positive
CD11b positive
CD4 positive
CD7 positive
CD56 positive

187 (77.6)
237 (98.3)
180 (74.7)
57 (23.7)
73 (30.3)
31 (12.9)
74 (30.7)

114 (92.7)
121 (98.4)
91 (74.0)
19 (15.4)
26 (21.1)
2 (1.6)
11 (8.9)

463 (91.3)
487 (96.1)
451 (89.0)
116 (22.9)
88 (17.4)
164 (32.3)
89 (17.6)

<0.001
0.981
0.884
0.069
0.063

<0.001
<0.001

<0.001
0.097

<0.001
0.815

<0.001
<0.001
<0.001

0.626
0.209

<0.001
0.072
0.328

<0.001
0.019

Fusion genes, N (%)
KMT2A-rearrangement
CBF-AML
Other fusion

11 (4.6)
10 (4.1)
7 (2.9)

0 (0)
0 (0)

123 (100)

34 (6.7)
104 (20.5)
20 (3.9)

0.019
0.019

<0.001

0.250
<0.001
0.476

0.001
<0.001
<0.001

Somatic mutations, N (%)
NPM1
DNMT3A
IDH1/2
FLT3-ITD
CEBPA
TET2
NRAS/KRAS
PTPN11
WT1

190 (78.8)
75 (31.1)
87 (36.1)
117 (48.5)
25 (10.4)
55 (22.8)
47 (19.5)
35 (14.5)
17 (7.1)

0 (0)
2 (1.6)
0 (0)

43 (35.0)
0 (0)

3 (2.4)
10 (8.1)

0 (0)
23 (18.7)

124 (24.4)
116 (22.9)
84 (16.6)
129 (25.4)
106 (20.9)
46 (9.1)

135 (26.6)
46 (9.1)
84 (16.6)

<0.001
<0.001
<0.001
0.014

<0.001
<0.001
0.005

<0.001
<0.001

<0.001
0.016

<0.001
<0.001
<0.001
<0.001
0.034
0.025

<0.001

<0.001
<0.001
<0.001
0.034

<0.001
0.014

<0.001
<0.001
0.572

ELN-risk 2022, N (%)
Favorable
Intermediate
Adverse

104 (43.9)
110 (46.4)
23 (9.7)

-
-
-

237 (48.2)
151 (30.7)
104 (21.1)

-
-
-
-

<0.001
-
-
-

-
-
-
-

Induction regimen, N (%)
“3+7” regimen
Low-intensity chemotherapy
Venetoclax + HMA 

91 (39.6)
74 (32.2)
65 (28.3)

-
-
-

258 (51.3)
120 (23.9)
125 (24.9)

-
-
-
-

0.009
-
-
-

-
-
-
-

FLT3 inhibitor in induction, N (%) 22 (9.6) - 12 (2.4) - <0.001 -

Table 1. Clinicopathological characteristics of acute promyelocytic leukemia (APL)-like acute myeloid leukemia (AML), APL and 
‘Other AML’.

aOvert disseminated intravascular coagulation was retrospectively evaluated according to the 2018 revision of International Society on Thrombosis and 
Haemostasis (ISTH) guidelines. bMajor bleeding events and major thrombotic events were defined by > grade 2 events of the revised World Health 
Organization bleeding scale and Common Terminology Criteria for Adverse Events version 5.0: respectively. APL: acute promyelocytic leukemia; AML: 
acute myeloid leukemia; IQR: interquartile range; ECOG: Eastern Cooperative Oncology Group; WBC: white blood cells; LDH: lactate dehydrogenase; 
DIC: disseminated intravascular coagulation; MBE: major bleeding event; MTE: major thrombotic event; BMB: bone marrow blasts; BMAP: bone mar-
row abnormal promyelocytes; CBF: core binding factor; ELN: European LeukemiaNet; ; HMA: hypomethylating agent.
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Figure 1. Genomic and tran-
scriptomic landscape of 
acute promyelocytic leu-
kemia-like acute myeloid 
leukemia. (A) Mutational 
landscape of acute promy-
elocytic leukemia (APL)-like 
acute myeloid leukemia 
(AML), APL and ‘Other AML’. 
The upper panel shows the 
classification of the study, 
sex, age and fusion gene for 
each patient. The mutation-
al landscape of common 
genes is displayed as the 
principal part of the figure. 
(B) Unsupervised hierarchi-
cal clustering of the gene 
expression pattern identi-
fies a cluster in which 34 of 
52 (65.4%) APL-like AML 
samples were involved. The 
cluster is interpreted as Ga 
and Gb. Thirty-one of 34 
(91.2%) APL-like AML were 
interpreted as Ga. Gb is 
mainly composed of cases 
from the BeatAML data-
base. Top: Gender, age and 
phenotype of each sample. 
Columns indicate cases, 
and rows indicate genes. 

A

B
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might be a distinct entity from a transcriptomic aspect. 
Regarding early outcomes of APLL, at a median time of 17 
days (range, 2-56) from initial diagnosis, early death had 
occurred in 31 of 237 (13.1%) APLL patients, which was a 
significantly higher rate than in ‘Other AML’ (20/505, 3.9%; 
P<0.001) and APL (7/123, 5.7%; P=0.031) (Figure 2A). Among 
31 APLL patients who died early, 22 (71.0%) died of major 
bleeding/thrombotic events, which was in line with the 
proportion in APL patients (5/7, 71.4%). In contrast, the 
causes of early death among patients with ‘Other AML’ 
were primarily attributed to infections (15/20, 75.0%) (Fig-
ure 2B). This distribution was significantly different from 
that in APLL (P=0.001).    
Multivariate analysis identified five predictive factors for 
early death in APLL (Online Supplementary Table S1): male 
sex (hazard ratio [HR]= 0.432, 95% confidence interval [95% 
CI]: 0.197-0.950, P= 0.037), age ≥60 years (HR=3.031, 95% CI: 
1.446-6.352, P=0.003), albumin <35 g/L (HR=3.999, 95% CI: 
1.846-8.661, P<0.001), overt DIC at diagnosis (HR=3.736, 95% 
CI: 1.557-8.966, P=0.003) and major bleeding/thrombotic 
events before induction (HR=9.995, 95% CI: 4.626-21.594, 
P<0.001). All these factors were independent of those for 
‘Other AML’ except for age ≥60 years. 
Utilizing regression coefficients from multivariate analysis, 
we developed a nomogram to accurately predict risks of 
early death in APLL, as is shown in Figure 2C. The as-
signed points for each variable were as follows: 38.0 for 
female sex, 49.2 for age ≥60 years, 62.2 for albumin <35 
g/L, 57.8 for overt DIC at diagnosis and 100.0 for major 
bleeding/thrombotic events before induction. An external 
cohort of 65 APLL patients from Suzhou Hongci Hospital 
was collected as our validation cohort and performance 
analysis presented acceptable efficacy in both the de-
velopment and validation cohorts (Online Supplementary 
Figure S2). Next, 157.8 was determined as the optimal 
cutoff point for discriminating low- and high-risk groups 
of APLL patients. Based on this stratification standard, 
the high-risk group exhibited an inferior early death rate 
in both the development cohort (55.0% vs. 4.6%, P<0.001) 
(Figure 2D) and the validation cohort (53.8% vs. 1.9%) 
(P<0.001) (Figure 2E). 
Univariate analysis was then conducted to uncover pre-
dictors of early death among high-risk APLL patients 
(Figure 2F). Surprisingly, we found that treatment with a 
venetoclax plus hypomethylating agent regimen was a risk 
factor for early death among these patients (HR=3.022, 
95% CI: 1.263-7.243, P=0.013), while low-intensity che-
motherapy played a protective role (HR= 0.300, 95% CI: 
0.101-0.888, P=0.030).  
In this large-cohort, multicenter study, we focused on 
investigation of molecular profiles and early outcomes 
of APLL. Transcriptomic analysis of APLL has barely been 
reported. Here, on the basis of the largest set of APLL 
RNA-sequencing samples to date, we identified upregu-
lation of APL-related gene sets and myeloid cell differ-

entiation pathways in APLL samples, indicating a similar 
molecular biology between APLL and APL. However, 65.4% 
of APLL samples were clustered together and were distinct 
from classic APL and ‘Other AML’ clusters, suggesting a 
potential unique subtype. Supplementary information from 
the BeatAML database, particularly immunophenotypic 
features, further supported that the cluster was possibly 
a specific cluster of APLL. These findings suggest that 
while APLL may exhibit some similarities with APL from 
the standpoint of molecular pathogenesis, it is likely a 
distinct entity and the differentiation mechanism may be 
distinguished from classic APL.
In our APLL cohort, the early death rate reached 13.1%, 
significantly higher than that of APL and ‘Other AML’, in-
dicating that APLL is a unique subgroup with an elevated 
risk of early death. It is worth noting that 71.0% of early 
deaths in APLL patients were attributed to major bleed-
ing/thrombotic events, a rate that not only is comparable 
to that of our APL group (71.4%), but also basically aligns 
with some of recent findings in APL.4,5 We also elucidated 
the predictors of early death among APLL patients. Overt 
DIC at diagnosis was identified as a risk factor for early 
death in APLL. A recent investigation by Paterno et al.6 
identified DIC as one of the predictors of early mortality 
within non-APL AML. In our study, we confirmed it was 
a risk factor that was independent of those for ‘Other 
AML’. Similarly, major bleeding/thrombotic events before 
induction contributed to the risk of early death in APLL. 
In contrast, infection at diagnosis was an independent 
risk factor in ‘Other AML’, demonstrating distinct patterns 
of early death in the two subgroups. It can be concluded 
that coagulation dysfunction specifically plays a central 
role in APLL patients’ inferior early outcomes.  
A surprising finding of our analysis is that choice of in-
duction regimen might have an impact on early deaths 
among high-risk APLL patients, as venetoclax plus hy-
pomethylating agent regimens increased early death risks 
within these patients. While venetoclax plus a hypometh-
ylating agent has been a standard induction regimen for 
elderly or unfit AML patients,7-9 it has been noted that 
the regimen also triggers tumor lysis syndrome, espe-
cially with the standard “ramp-up” dosage among AML 
patients with IDH1/2 or NPM1 mutations.10-12 This might 
be associated with our finding, as potential tumor lysis 
syndrome could further impair poor fitness status and 
deteriorate coagulation dysfunction in high-risk APLL 
patients. A recent study revealed that reduced veneto-
clax exposure alleviated 8-week mortality rate in an AML 
cohort while having no impact on long-term survival.13 
Studies are also emerging on modification of venetoclax 
dosage to reduce adverse events.14,15 Therefore, further 
prospective study may be important to determine ap-
propriate induction regimen options and dosages among 
high-risk APLL patients.
In conclusion, we show that APLL is a distinct subgroup 
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of AML, provide the first elucidation of its unique tran-
scriptomic profile, and offer a risk-stratification model 
for identifying patients at high risk of early death. These 
findings facilitate understanding of this subset of patients 
and advance guidelines for their management. Never-
theless, due to the limitation of retrospective nature of 
the study, biological research of APLL pathogenesis and 
optimal management of this subtype of leukemia await 
exploration in the future. 
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Figure 2. Details and predictive nomogram of early death within acute promyelocytic leukemia-like acute myeloid leukemia. (A) 
Pie charts showing the 60-day survival and early death (ED) rate of acute promyelocytic leukemia-like acute myeloid leukemia 
(APLL), acute promyelocytic leukemia (APL) and other forms of acute myeloid leukemia (‘Other AML’). (B) Pie charts showing the 
distribution of ED causes within APLL, APL and ‘Other AML’ patients. (C) The ED predictive nomogram for APLL patients. (D) Ka-
plan-Meier curves for 60-day survival of the high- and low-risk APLL patients categorized by the score of the nomogram in the 
development cohort. (E) Kaplan-Meier curves for 60-day survival of the high- and low-risk APLL patients categorized by the score 
of the nomogram in the external validation cohort. (F) Forest plot for univariate analysis results of predictors of ED in high-risk 
APLL patients. MBE: major bleeding event; MTE: major thrombotic event; DS: differentiation syndrome; DIC: disseminated intra-
vascular coagulation; OS: overall survival; HR: hazard ratio; 95%CI: 95% confidence interval; LIC: low-intensity chemotherapy; 
VEN: venetoclax; HMA: hypomethylating agent.
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