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Background: Early death (ED) rate in acute promyelocytic leukemia (APL) remains high.
Some studies have identified prognostic factors capable of predicting ED, whereas no risk rating
system for ED has been reported in the literature. In this study, a risk classification system was
built to identify subgroup at high risk of ED among patients with APL.

Methods: Totally, 364 consecutive APL patients who received arsenic trioxide as induction
therapy were included. Ten baseline clinical characteristics were selected for analysis, and they
were de novo/relapse, age, sex, white blood cell count, platelet count, serum fibrinogen, cre-
atinine, uric acid, aspartate aminotransferase, and albumin. Using a training cohort (N=275),
a multivariable logistic regression model was constructed, which was internally validated by
the bootstrap method and externally validated using an independent cohort (N=89). Based on
the model, a risk classification system was designed. Then, all patients were regrouped into de
novo (N=285) and relapse (N=79) cohorts and the model and risk classification system were
applied to both cohorts.

Results: The constructed model included 8 variables without platelet count and sex. The model
had excellent discriminatory ability (optimism-corrected area under the receiver operator char-
acteristic curve=0.816+0.028 in the training cohort and area under the receiver operator charac-
teristic curve=0.798 in the independent cohort) and fit well for both the training and independent
data sets (Hosmer—Lemeshow test, P=0.718 and 0.25, respectively). The optimism-corrected
calibration slope was 0.81710.12. The risk classification system could identify a subgroup
comprising ~25% of patients at high risk of ED in both the training and independent cohorts
(OR=0.140, P<0.001 and OR=0.224, P=0.027, respectively). The risk classification system could
effectively identify patient subgroups at high risk of ED in not only de novo but also relapse
cohorts (OR=0.233, P<0.001 and OR=0.105, P=0.001, respectively).

Conclusion: All the results highlight the high practical value of the risk classification system.
Keywords: acute promyelocytic leukemia, early death, risk classification system, relapse,

arsenic trioxide

Introduction

Following the introduction of treatment with all-trans retinoic acid and arsenic trioxide
(ATO), the prognosis of patients with acute promyelocytic leukemia (APL) improved
dramatically. However, treatment advances have not improved the early death (ED)
rate, which remains high, up to 17.3%—32%.'¢ Some studies have identified prognostic
factors capable of predicting this heterogeneity in early survival,'!! and the prognostic
factors included old age, male, high white blood cell (WBC) count, low platelet (PLT)
count, low serum fibrinogen (FIB) level, high creatinine (Cr) level, and so on.
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Krug et al'? derived a risk score from regression coeffi-
cients of multivariable logistic regression model, which could
be used to predict the probability of complete remission and
the risk of ED in older patients (aged 260 years) with acute
myeloid leukemia, but otherwise medically healthy, for whom
intensive induction chemotherapy is planned. Walter et al'?
built a risk rating system based on logistic regression analysis,
which was used to predict risk of treatment-related mortality
(death within 28 days of treatment initiation) after intensive
chemotherapy for acute myeloid leukemia other than APL.
However, no model or risk rating system for predicting the
risk of ED/induction death in patients with APL has been
reported in the literature. In this retrospective cohort study,
a risk classification system was built to identify subgroup
at high risk of ED among patients with APL treated with
ATO alone.

Methods
Study design and patient samples

The study used data from a training cohort to construct a
multivariable logistic regression model and then tested its
performance using the training cohort (internal validation)
and an independent cohort (external validation). Based on the
constructed model, a risk classification system was designed.
Then, all patients included in the 2 cohorts were reclassified
into de novo cohort and relapse cohort. The performance of
the model and the risk classification system was also tested
in the de novo and relapse cohorts.

Between December 2008 and March 2016, 436 consecu-
tive patients with de novo or hematologically relapsed APL
were treated at the First (418 cases) or Fourth (18 cases)
Affiliated Hospitals of Harbin Medical University. For 364
patients, the diagnosis was confirmed by the presence of
t(15;17) and/or the PML/RARa fusion gene, and ATO was
administered alone for remission induction. These patients
were included in this study. The first 75% (275 cases) of the
patients in the series, from December 2008 to September
2014, were assigned to the training set and the last 25% (the
remaining 89 cases) to the validation set.

With regard to the ATO therapy, the total daily dose (0.16
mg/kg/d for a maximum of 10 mg/d) was infused intrave-
nously until achieving hematologically complete remission
(HCR) or up to a maximum of 60 doses. For the manage-
ment of coagulopathy, PLT concentrates were transfused to
maintain PLT counts >30x10°L. When there were indications
of coagulopathy or clinical indications of active bleeding,
fresh-frozen plasma was infused repeatedly, with a target FIB
blood value of 1.5 g/L. If FIB remained <1 g/L after multiple

infusions of fresh-frozen plasma, then cryoprecipitate or/and
FIB was administered to increase FIB level.

The study protocol was reviewed and approved by the
Medical Ethics Committee of the First Affiliated Hospital of
Harbin Medical University who waived the need for patient
consent given that this is a retrospective analysis and patient
anonymity was assured.

Definitions

ED was defined as death from any cause either before treat-
ment is initiated or within the first 30 days of induction treat-
ment. In this study, there were 10 patients who died within 12
hours of hospital admission without receiving ATO treatment.

Potential predictors of ED

To aid the rapid identification of patients at high risk of
ED within the first few hours of hospital admission, all
candidate variables must be readily available and promptly
assessed by clinicians. Based on the information provided
by previous reports'>7!“1¢ and clinical experts, 10 baseline
clinical variables, ie, de novo/ relapse, age, sex, WBC count,
PLT count, serum FIB, Cr, uric acid (UA), aspartate amino-
transferase (AST), and albumin (Alb), were chosen for the
analysis (Table 1).

Statistical analysis

Missing values in a variable were imputed with the median
of the variable. Less than 4% of the values were missing. To
design a convenient prognostic score, continuous variables
were dichotomized by receiver operator characteristic (ROC)
curve analysis that set the cutoff to optimize the area under the
ROC curve (AUC), which could quantify the discriminatory
ability of each variable for ED.

For the univariate analysis, the categorical variables were
compared between the training and validation cohorts or the
de novo and relapse cohorts using Pearson’s % test or Fisher’s
exact test, as appropriate. Univariate logistic regression was
used to examine the association between each variable and
ED in the training cohort or between the constructed risk
classification system and ED in each cohort.

In the multivariate analysis, multiple logistic regression
was used to explore risk factors associated with ED, and a
backward stepwise variable selection based on the Akaike
information criterion was used to determine the best-fitting
stepwise-selected model.'” The AUC was used to quantify the
discriminatory ability of the regression model. The goodness-
of-fit of the model was assessed using the Hosmer-Lemeshow
test and the calibration slope.'® When a model was fit to data
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Table | Main demographic and clinical characteristics of different patient cohorts

Variable Training cohort Validation cohort P-value® De novo cohort Relapse cohort P-value®
Total 275 89 285 79
De novo/relapse
De novo 220 65 0.166 285 0
Relapse 55 24 0 79
Age, years
Median (range) 41 (4-80) 37 (4-81) 40 (4-81) 40 (4-75)
<48 192 60 0.670 198 54 0.849
>48 83 29 87 25
Sex
Female 131 38 0417 142 27 0.014
Male 144 51 143 52
WBC count, x10°%/L
Median (range) 3(0.27-211.1) 3.05 (0.46-106.59) 3.1 (0.27-211.1) 2.99 (0.59-127.8)
<7 176 62 0.329 177 6l 0.012
>7 99 27 108 18
PLT count, xI0°/L
Median (range) 24.08 (1-229) 29.64 (1-302) 0.005° 2238 (1-162.4) 46.5 (1-302) <0.001®
FIB, g/L
Median (range) 1.33 (0.28-5.1) 1.37 (0.25-4.59) 1.29 (0.25-5.1) 1.69 (0.4-4.38)
>| 175 60 0.643 181 57 0.153
<l 100 29 104 22
Cr, umol/L
Median (range) 64.6 (20-183) 68.4 (4.8-142.6) 65.1 (20-144) 66.5 (4.8-183)
<75 207 59 0.097 208 58 0.938
>75 68 30 77 21
Serum UA, pmol/L
Median (range) 251.6 (26.7-892) 302.4 (4.2-551) 256.9 (26.7-892) 284 (4.2-643.9)
<290 174 48 0.16 179 43 0.177
>290 101 41 106 36
AST, U/L
Median (range) 21.4 (4.2-805.6) 21.5 (6-130) 22 (4.2-805.6) 18.9 (7.8-204)
<26 185 60 0.980 185 60 0.064
>26 90 29 100 19
Alb, g/L
Median (range) 39.9 (24-554) 43.4 (21.7-52.9) 40 (21.7-55.4) 43.8 (26.6-54.7)
>40 150 56 0.166 146 60 <0.001
<40 125 33 139 19

Notes: “The categorical variables were compared using Pearson’s %2 test or Fisher’s exact test, as appropriate. "The variable was compared using independent samples

Mann—Whitney U test.

Abbreviations: WBC, white blood cell; PLT, platelet; FIB, fibrinogen; Cr, creatinine; UA, uric acid; AST, aspartate aminotransferase; Alb, albumin.

in the training set, the bootstrap method, based on 1,000 boot-
strap samples, was used to estimate the optimism-corrected
AUC and calibration slope.

Risk scores derived from the predictive model were
calculated for each individual in the training cohort. By set-
ting the risk score cutoffs at the lower and upper quartiles,
the patients were stratified into low-, intermediate- and
high-risk groups (corresponding to the lower-, inter-, and
upper-quartile range). Both the predictive model and the
risk classification system were tested in an independent
validation cohort.

All statistical analyses were performed using SPSS (ver-
sion 19.0, IBM Corporation, Armonk, NY, USA) and the R
environment (version 3.1.3, http://www.r-project.org) with

P<0.05 considered statistically significant.

Results
Patient characteristics

Of the 364 patients, 284 (78.0%) achieved HCR, and the
median duration required to achieve HCR was 44 days

(range, 22—71 days). The characteristics of our study cohorts

are summarized in Table 1. No significant differences were
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observed in the demographic and clinical characteristics
between the training and validation cohorts (all P>0.05).
The causes of ED are presented in Table 2. In the training
cohort, 58 EDs (21.1%; 95% CI, 16.4%-26.4%) occurred,
which were caused by hemorrhage, differentiation syndrome,
and infection among other causes. In the validation cohort,
only 12 EDs (13.5%; 95% CI, 7.2%—22.4%) occurred, which
were caused by hemorrhage and infection. The ED rate of
validation cohort was somewhat lower than that of the training
cohort (P=0.113). Two factors may contribute to the result.
First, the patients in the validation cohort were admitted for
treatment more recently than those in the training cohort;
thus, the monitoring techniques and the symptomatic and
supportive measures were better. Second, all 10 patients who
died within 12 hours of hospital admission without receiving
ATO treatment were included in the training cohort.

Univariate analysis
The ROC curve of the PLT count climbed along the +45°
diagonal reference line with an AUC of 0.507 (95% CI,
0.421-0.592; P=0.879) (Figure 11 and J), indicating that
the variable had no ED discriminatory value and no optimal
cutoff could be found; thus, the variable was excluded from
further analysis. Therefore, 9 variables were included in the
subsequent analyses.

When dichotomizing continuous variables using the ROC
curve analysis, we found that setting the cutoff at the thresh-
old between normal and abnormal levels was not appropriate

Table 2 Causes of ED in this study

because this practice often caused an obvious reduction in
the AUC, indicating a significant decline in the discrimina-
tory power of the variable for ED (Figure 1A, B, D-F and J).
The results of the univariate analyses are shown in Table 3
and Figure 1. Of the 9 variables, all but de novo/relapse clas-
sification were significantly associated with ED (P<0.05).

Multivariate analysis

Eight of the 9 candidate variables were retained in the mul-
tiple logistic regression model. Sex did not appear to have
independent prognostic significance and was removed from
the multiple logistic regression model. FIB <1 g/L, Cr >75
umol/L, and Alb <40 g/L maintained their strong prognostic
significance for poor survival, and AST 226 U/L only just
retained poor prognostic significance in multivariate analyses,
whereas relapse obtained poor prognostic significance. WBC
count >7x10%L, UA level >290 pmol/L, and age >48 years
were retained in the multiple logistic regression model with
a P-value >0.05 (Table 3). Due to the relatively small sample
size used for modeling, no interaction terms were added to the
main effects model to avoid overfitting. In the internal valida-
tion, the apparent and optimism-corrected AUCs were 0.851
and 0.81610.028, respectively, suggesting excellent discrimi-
natory ability. In the external validation cohort (N=89), the
model also showed good discrimination performance (AUC
=0.798). The Hosmer—Lemeshow test revealed that the model
fit well for both the training (y*=5.369, df=8, P=0.718) and
the external validation data sets (}’=10.22, df=8, P=0.25).

Cause of ED Training cohort (N=275) Validation cohort (N=89)
n Median time, days (range) n Median time, days (range)

Cerebral bleeding 30 2 (0-16) 9 3(0-27)

Cerebral bleeding+DS 3 2 (0-4) 0 -

Cerebral bleeding+DS+infection | 13 0 -

Cerebral bleeding+CNS leukemia I 25 0 -

Gastrointestinal tract hemorrhage+DS I 6 0 -

Pulmonary hemorrhage 0 - | 27

DIC 3 17 (13-24) 0 -

DIC+DS I 8 0 -

DIC+DS+infection | I5 0 -

Cerebral infarction | 0 0 -

Pulmonary embolism | 6 0 -

DS 4 10 (6-11) 0 -

Infection 3 20 (9-29) 2 14.5 (4-25)

DS+infection 3 18 (13-22) 0 -

CNS leukemia 3 5(3-13) 0 -

Severe liver injury | 3 0 -

Unknown | 9 0 -

Total 58 7 (0-29) 12 5(0-27)

Note: “-” indicates not applicable.

Abbreviations: ED, early death; DS, differentiation syndrome; CNS, central nervous system; DIC, disseminated intravascular coagulation.
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Figure | Results of the ROC curve analyses for prognostic factors for early death in the training cohort (N=275).

Notes: (A-l) ROC curves for the 10 candidate predictors. (J) Results of the ROC curve analyses for the 10 candidate predictors. Solid circles, the areas under the ROC
curves; open circles, P-values. (A=G) |, original variables; 2, variables that were dichotomized using the ROC curve analysis; 3, variables that were dichotomized based on
normal and abnormal bounds. For the continuous variables FIB (D), Alb (F), and PLT (l), the test direction is high risk vs low value, whereas for the other 5 continuous
variables (A-C, E, G) the test direction is reversed. For the 2 categorical variables, relapse and male sex were unfavorable categories (H).

Abbreviations: Cr, creatinine; AST, aspartate aminotransferase; WBC, white blood cell count; FIB, fibrinogen; UA, uric acid; Alb, albumin; De/Re, de novo/relapse; PLT,
platelet; ROC, receiver operator characteristic; AUC, area under the ROC curve.
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The optimism-corrected calibration slope in the training
data set was 0.817£0.12. All these results suggested that the
prediction model was well calibrated.

Construction of a risk classification

system
A risk score was designed based on the coefficients of the
variables contained in the regression model (Table 3): risk
score=1.149 (relapse)+0.638 (age>48 years)+0.676 (WBC
count>7x10%/L)+1.476 (FIB<1 g/L)+1.759 (serum Cr level
>75 umol/L)+0.562 (serum UA level>290 pmol/L)+1.099
(Alb <40 g/L)+0.798 (AST=26 U/L).

Risk scores were calculated for each individual in the
training cohort. By setting risk score cutoffs at the lower and
upper quartiles, the patients were stratified into 3 prognostic

groups: low-, intermediate-, and high-risk groups. The pro-
portion of the patients in the 3 groups was about 1:2:1, and
the corresponding predicted probabilities of ED were no
more than 5%, 5%—30%, and >30%, respectively (Table 4).

The univariate logistic regression analysis revealed that
the risk classification system could effectively identify a
small proportion of patients with an increased risk of ED
at diagnosis in both the training and external validation
cohorts. In the training cohort, 70 patients (25.5%; 95% CI,
20.4%—31.0%) comprised the high-risk group, whose ED rate
(55.7%) was >3 times the rate observed in the intermediate-
risk group (15%; OR=0.140, P<0.001). In the validation
cohort, 25 patients (28.1%; 95% CI, 19.1%—38.6%) made up
the high-risk group, whose ED rate (32%) was also signifi-
cantly higher than that of the intermediate-risk group (9.5%;

Table 3 Univariate and multivariate analyses of predictive factors for ED in the training cohort (N=275)

Variables Unfavorable Univariate analysis Multivariate analysis

category OR 95% CI P-value® Coefficient OR 95% CI P-value®
De novol/relapse Relapse 1.983 0.971-4.052 0.06 1.149 3.154 1.268-7.844 0.013
Age, years >48 2.077 1.139-3.786 0.017 0.638 1.894 0.903-3.969 0.091
Sex Male 2.402 1.305-4.419 0.005 Removed - - -
WBC count, x10°/L >7 3.131 1.822-6.023 <0.001 0.676 1.965 0.920-4.196 0.081
FIB, g/L <l 3.156 1.739-5.727 <0.001 1.476 4.377 2.002-9.569 <0.001
Cr, ymol/L >75 6.188 3.299-11.608 <0.001 1.759 5.804 2.694-12.505 <0.001
UA, pmol/L >290 2.505 1.387-4.526 0.002 0.562 1.754 0.849-3.623 0.129
Alb, g/L <40 2.929 1.567-5.474 0.001 1.099 3.002 1.378-6.542 0.006
AST, U/L >26 3.705 2.031-6.760 <0.001 0.798 2.220 1.069—4.612 0.032

Constant: —4.487

Notes: *Univariate or multiple logistic regression analysis was used. “~” indicates not applicable.

Abbreviations: ED, early death; WBC, white blood count; FIB, fibrinogen; Cr, creatinine; UA, uric acid; Alb, albumin; AST, aspartate aminotransferase.

Table 4 Classification of ED risk groups within training/validation cohorts and de novo/relapse cohorts based on summed risk scores

Cohort Risk grade Risk Predicted Number of Number Observed OR (95% CI) P-value®
score probability patients of EDs incidence of
of ED, % ED (95% ClI), %
Training cohort O=Low <1.54 <5 78 0 0 - -
(N=275) I=Intermediate  1.54-3.64 5-30 127 19 15 (9.3-22.4) 0.140 (0.071-0.276)  <0.001
2=High >3.64 >30 70 39 55.7 (43.3-67.6) | -
Validation cohort  O=Low <1.54 <5 22 0 0 - -
(N=89) I=Intermediate  1.54-3.64 5-30 42 4 9.5 (2.7-22.6) 0.224 (0.059-0.845)  0.027
2=High >3.64 >30 25 8 32 (14.9-53.5) | -
De novo cohort O=Low <1.54 <5 86 0 0 - -
(N=285) I=Intermediate  1.54-3.64 5-30 132 21 159 (10.1-23.3)  0.233 (0.119-0.456)  <0.00
2=High >3.64 >30 67 30 44.8 (32.6-57.4) | -
Relapse cohort O=Low <1.54 <5 14 0 0 - -
(N=79) I=Intermediate  1.54-3.64 5-30 37 4 10.8 (3.0-25.4) 0.105 (0.029-0.376)  0.001
2=High >3.64 >30 28 15 53.6 (33.9-72.5) | -
Notes: *Univariate logistic regression analysis was used. “~” indicates not applicable.

Abbreviation: ED, early death.
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OR=0.224, P=0.027). Notably, because no patients in the
low-risk group (0%) died in either the training cohort or the
validation cohort, no estimate of the OR can be calculated.

The risk classification system was
informative when applied to the de novo

and relapse cohorts

There were totally 285 de novo and 79 relapsed patients in
the training and external validation cohorts, and 51 de novo
(17.9%) and 19 relapsed (24.1%) patients died within the
first 30 days of induction treatment (P=0.219). The baseline
clinical characteristics of the de novo and relapse cohorts
were shown in Table 1. There were more male patients in
the relapse cohort than in the de novo cohort (P=0.014), and
compared with the de novo patients, the relapsed patients had
significantly lower WBC counts and higher PLT counts and
serum Alb level (all P<0.05).

The developed model exhibited good performance in
terms of discrimination (AUCs 0.832 and 0.850, respectively;
both P<0.001) and goodness-of-fit (Hosmer—Lemeshow
test: x*=7.74, df=8, P=0.459 and y’=6.441, df=7, P=0.489,
respectively) in both the de novo and relapse cohorts.

The univariate logistic regression analysis revealed that
the risk classification system was also informative when
applied to the de novo and relapse cohorts (Table 4). In the
de novo cohort, 67 of the 285 patients (23.5%; 95% CI,
18.7%—28.9%) were identified as high-risk of ED by the risk
classification system, and the ED rate in the high-risk group
(44.8%) was 3 times the rate observed in the intermediate-risk
group (15.9%; OR =0.233, P<0.001). In the relapse cohort,
28 of 79 patients (35.4%; 95% CI, 25.0%—47.0%) were
identified as high risk of ED by the risk classification system
with an ED rate of 53.6% in the high-risk group, which was
>5 times the rate observed in the intermediate-risk group
(10.8%; OR=0.105, P=0.001).

Discussion
Consistent with previous studies,'>! this study found a high
ED rate in patients with APL, which highlights the need
to accurately identify high-risk patients to provide more
efficient intervention rapidly and adequately for this special
subgroup, thereby improving the prognosis for APL patients.
In this study, we derived and validated a risk classification
system that may identify a small proportion of patients with
an increased risk of ED at diagnosis within a pool of patients
treated with ATO alone for remission induction.

Ten simple and widely available clinical variables were
chosen for the analyses. Although some studies'* have

considered the Eastern Cooperative Oncology Group per-
formance status a powerful predictor of ED/induction death
in APL, it was not included in this study due to its subjective
nature. In a large series of 732 patients with newly diagnosed
APL who received all-trans retinoic acid plus idarubicin as
induction therapy by de la Serna et al,” univariate analysis
disclosed no correlation between PLT count and induction
death. In our study, the univariate analyses also showed that
the PLT count had no discriminatory ability for ED. Surpris-
ingly, Walter et al'® found that PLT count >50x10%/L was a
risk factor for treatment-related mortality, which was defined
as death within 28 days after initiation of therapy in patients
with acute myeloid leukemia who received chemotherapy as
induction therapy. Maybe in acute myeloid leukemia, the PLT
functions are abnormal, which results in the irrelevance of
low PLT count to ED, or even the relevance of high platelet
count to ED. Since no discriminatory ability for ED, the PLT
count was removed and finally 9 variables remained for the
further analyses.

Using these candidate risk factors, a multivariable logistic
regression model was derived and internally validated by
bootstrapping analysis and was externally validated in an
independent data set, where the model showed good discrimi-
natory ability and goodness-of-fit. A prognostic classification
system for ED was then designed based on the model, which
could select a small subgroup comprising ~25% of patients
who were at a significant and clinically relevant greater risk
of ED in the training or validation cohort. The prognostic
classification system can be easily and expeditiously used
by clinicians because only simple and widely available vari-
ables that can be evaluated at the time of diagnosis are used
to calculate the scores.

Currently, ATO is considered the most effective treatment
for relapsed APL,?' 2 whereas very limited data are available
regarding ED in patients with relapsed APL who received
single-agent ATO as induction therapy. To the best of our
knowledge, this is the first study that provides useful infor-
mation on predicting the ED risk in such patients. Despite
the differences observed in the initial patient characteristics
across the de novo and relapse cohorts, the developed model
showed equally good performance, and the classification sys-
tem effectively identified the subgroup of patients at high risk
of ED in both cohorts, highlighting its high practical value.

It is because the de novo/relapse classification were
entered into the logistic regression model that the developed
model presented good performance in not only the de novo
but also the relapse cohorts, and furthermore, the classifica-
tion system could effectively identify the subgroup of patients
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at high risk of ED in both cohorts. Because our study cohorts
exclusively consisted of patients with de novo or relapse APL
undergoing treatment with ATO alone, our results can only
be applied to such patients.

Our study has several limitations. First, the study was
retrospective, which carries the associated risk of missing
data. Fortunately, few data were missing for the selected
candidate variables because all such parameters were
readily available and commonly tested. Next, ours was a
dual-center study that used a small data set. Large-scale
prospective studies using multicenter cohorts with various
ethnicities and geographic locations are needed to validate
the established model and risk classification system. Third,
currently, although ATO is considered the most effective
treatment for relapsed APL, the standard treatment for de
novo APL is all-trans retinoic acid combined with ATO.
So, the risk grading system will be of limited application.
But our results can offer a reference for choosing candi-
date variables to build models for predict ED risk in APL
patients receiving standard treatment, since both treatments
are differentiation-inducing therapy.

For the subgroup of APL patients at higher risk of ED,
more effective methods for urgent reversal of coagulopathy
should be developed. Appropriate use of anticoagulant and/
or antifibrinolytic agents will be a potential treatment option
on condition that the occurrence mechanism of coagulopathy
is clarified, and accurate identification of patients at high risk
of ED lays a foundation for in-depth study of the occurrence
mechanism of coagulopathy in the subgroup.

Conclusion

We established the first prediction model and risk classifi-
cation system for predicting ED in patients with APL who
received ATO alone as induction therapy. Our risk classifi-
cation system will allow the identification of a subgroup of
patients at high risk of ED in not only de novo but also relapse
cohorts. This patient subgroup may benefit from specifically
designed trials aimed to mitigate ED.
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