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Abstract

With increasingly effective treatments, early death (ED) has become the predominant reason for therapeutic failure in
patients with acute promyelocytic leukemia (APL). To better prevent ED, patients with high-risk of ED must be identified.
Our aim was to develop a score that predicts the risk of ED in a real-life setting. We used APL patients in the population-
based Swedish AML Registry (n=301) and a Portuguese hospital-based registry (n=129) as training and validation cohorts,
respectively. The cohorts were comparable with respect to age (median, 54 and 53 years) and ED rate (19.6% and 18.6%).
The score was developed by logistic regression analyses, risk-per-quantile assessment and scoring based on ridge
regression coefficients from multivariable penalized logistic regression analysis. White blood cell count, platelet count
and age were selected by this approach as the most significant variables for predicting ED. The score identified low-,
high- and very high-risk patients with ED risks of 4.8%, 20.2% and 50.9% respectively in the training cohort and with 6.7%,
25.0% and 36.0% as corresponding values for the validation cohort. The score identified an increased risk of ED already
at sub-normal and normal white blood cell counts and, consequently, it was better at predicting ED risk than the Sanz
score (AUROC 0.77 vs. 0.64). In summary, we here present an externally validated and population-based risk score to
predict ED risk in a real-world setting, identifying patients with the most urgent need of aggressive ED prevention. The
results also suggest that increased vigilance for ED is already necessary at sub-normal/normal white blood cell counts.

rates are found in population-based studies®™ that do not
exclude patients due to age, comorbidities, poor perform-
ance status or ongoing hemorrhages and thromboses.
Due to the effectiveness of the current treatment, with

Introduction

Acute promyelocytic leukemia (APL) accounts for approxi-

mately 5-8% of all cases of acute myeloid leukemia (AML)
and is a distinct AML subtype characterized by the bal-
anced reciprocal translocation t(15;17) that results in the
fusion oncoprotein PML-RARA (promyelocytic leukemia
gene-retinoic acid receptor alpha). APL patients have cure
rates of approximately 90% with current treatment
regimens!’

Nonetheless, patients with APL are at a high risk of early
death (ED) due to a coagulopathy that is characterized es-
pecially by a hyperfibrinolytic state.? This leads to a risk
of fatal hemorrhages and thromboses with a reported ED
rate within 30 days after diagnosis of up to 30%.® While
clinical trials usually report ED rates of 5-8%,*® higher ED

almost no primary treatment resistance and very few re-
lapses, ED has become the main obstacle to long-term
survival in APL."

Approximately two-thirds of all ED occur within 1 week
after diagnosis and the median time to onset of bleeding
is 5 days.""® An early clinical suspicion of APL is necessary
for prompt and adequate surveillance as well as prompt
pre-emptive measures, even before the diagnosis is es-
tablished, to decrease the risk of ED. Although risk factors
for ED are well known, clinically useful and validated tools
for predicting ED are lacking. Such tools could help clini-
cians to identify APL patients in need of more intensive
surveillance and more aggressive ED-preventing interven-
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tions. Currently, the Sanz risk model is often used to pre-
dict ED although the model was developed to predict re-
lapse after treatment with all-trans retinoic acid (ATRA)
and idarubicin.'® Other scores have been proposed™® but
an externally validated system based on population-based
data is still needed.

Importantly, a clinically useful score system should be
based on studies using unselected population-based APL
cohorts that are not restricted to patients fitting inclusion
criteria in clinical trials. In this study, we aimed to develop
a prediction model for ED in newly diagnosed APL pa-
tients. We used real-world data and an external validation
cohort to propose a clinically useful risk score based on
age, white blood cell (WBC) count and platelet count at
the time of diagnosis.

Methods

Cohorts

All adult patients diagnosed with APL in Sweden from Ja-
nuary 1997 to December 2020 (n=301) were included in a
training cohort for development of the prediction model.
This model was validated against all APL patients (n=129)
diagnosed and treated at the University Hospital Center
of Sao Jodo, Porto, Portugal, between January 2005 and
April 2019.

Clinical data for the training cohort were retrieved from
the Swedish AML Registry (coverage >98%'") with addi-
tional data collected from the patients’ records. Data for
the validation cohort were retrieved from the patients’
records. The diagnosis of APL was confirmed by cytogen-
etics, fluorescence in situ hybridization and/or reverse
transcriptase polymerase chain reaction analysis for the
PML-RARA fusion.

Induction therapies

Patients in the test cohort <70 years received oral ATRA
45 mg/m? daily until complete remission plus idarubicin
12 mg/m? on days 1, 3 and 5 plus cytarabine 200 mg/m?
days 1-7 until October 2016. Patients >70 years were given
ATRA 45 mg/m? daily until complete remission plus ida-
rubicin 12 mg/m? on days 2, 4 and 6. From October 2016,
low- and intermediate-risk patients received oral ATRA 45
mg/m? daily plus arsenic trioxide (ATO) at a dose of 0.3
mg/kg intravenously, given according to the Medical Re-
search Council protocol.® From 2019, also high-risk pa-
tients were treated with ATO and ATRA at the same doses
plus idarubicin at a dose of 6-12 mg/m? (adjusted for age)
on days 2, 4, 6 and 8.%°

Patients in the validation cohort were given treatment ac-
cording to the AIDA protocol?' with idarubicin 12 mg/m? for
4 days plus oral ATRA 45 mg/m? daily until complete re-
mission until April 2018. From April 2018, low- and inter-
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mediate-risk patients were treated according to the
PETHEMA LPA 2017 protocol with intravenous ATO at a
dose of 0.15 mg/kg and oral ATRA 45 mg/m? daily until
complete remission whereas high-risk patients <70 years
were still treated according to the AIDA protocol. Online
Supplementary Figure ST shows an overview of the induc-
tion therapies administered and the ED rate observed per

group.

Statistical analyses and risk score development

ED was defined as death from any cause within 30 days
of diagnosis. Descriptive statistical comparisons were per-
formed using the Fisher exact test for categorical vari-
ables and Mann-Whitney U test for continuous variables.
Online Supplementary Figure S2 shows how the prediction
model was developed and more details on the statistics
are presented in the Online Supplementary Material. In
short, univariate and multivariate logistic regression ana-
lyses were performed with regard to ED using clinical and
laboratory variables. Clinically useful cut-offs were deter-
mined for the statistically significant variables and multi-
variable penalized logistic regression analysis was
performed to obtain ridge regression coefficients per vari-
able and per level. Points were assigned by dividing each
ridge regression coefficient by the lowest coefficient fol-
lowed by rounding to the nearest integer. The risk score
was developed in line with the Transparent Reporting of a
multivariable prediction model for Individual Prognosis Or
Diagnosis (TRIPOD) statement.? All statistical analyses
were performed using the computing environment R ver-
sion 4.0.2% with packages described in the Online Supple-
mentary Methods. The regional ethics review board in
Stockholm, Sweden, approved the study, which was per-
formed in accordance with the Declaration of Helsinki.

Results

Patients’ characteristics

The clinical characteristics of the patients in the two co-
horts are described in Table 1. The training cohort included
301 patients of whom 19.6% (n=59) died within 30 days
(Figure 1A). The validation cohort included 129 patients of
whom 18.6% (n=24) died within 30 days (P=0.92) (Figure
1B). Similarly, 11.6% (n=35) and 10.1% (n=13) died within 7
days of diagnosis, accounting for 59.3% and 54.2% of all
ED in the training and validation cohorts, respectively
(P=0.706).

The training and validation cohorts were similar with re-
gard to age (median 54 vs. 53 years, P=0.16), gender dis-
tribution (50.2% vs. 56.6% women, P=0.26) and median
time to ED (6.0 vs. 4.5 days, P=0.66). Approximately one
third of the patients in both cohorts were classified as
having a high Sanz risk score (28.0% vs. 28.7%). Hemoglo-
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Table 1. Characteristics of the training and validation cohorts.

Data collection period

Training cohort (N=301)
Jan 1997 - Dec 2020

A. Osterroos et al.

Setting Nationwide
Age (median, range) 54 (17-89)
Women (n, %) 151 (50.2)
WHO status (n, %)
0 70 (27.5)
1 119 (46.7)
2 45 (17.6)
3 10 (3.9)
4 11 (4.3)
Sanz score (n, %)
Low 95 (34.5)
Intermediate 103 (37.5)
High 77 (28.0)
Hemoglobin, g/L 98 (34-151)
(median, range)
White blood cells, x10%/L 2.1 (0-254)
(median, range) ’
Platelets, x10°%/L
(median, range) <0l (Eeleld)
Lactate dehydrogenase, ukat/L )
(median, range) 5.2 (0-61.9)
C-reactive protein, mg/L 17 (0-450)
(median, range)
Fibrinogen, g/L i
(median, range) 1.5 (0.05-4.8)
Creatinine, umol/L 78 (42-407)
(median, range)
Albumin, g/L i
(median, range) 38 (22-54)
Time to early death, days 6 (0-29)
(median, range)
Death within 7 days (n, %) 35 (11.6)
Death within 30 days (n, %) 59 (19.6)

Validation cohort (N=129) P-value
Jan 2005 - Apr 2019
University hospital

53 (18-82) 0.16
73 (56.6) 0.26
0.84

30 (28.6)

45 (42.9)

20 (19.0)

3 (2.9)
7 (6.7)

0.001

23 (17.8)

69 (53.5)

37 (28.7)
89 (55-137) 0.001
2.5 (0.3-256) 0.39
23 (5-137) 0.02
5.4 (0.5-382) 0.29
19.1 (0.9-442) 0.71
1.4 (0-5.2) 0.53

70 (27-346) < 0.001

40.7 (16-50.8) 0.001
4.5 (0-24) 0.66
13 (10.1) 0.76
24 (18.6) 0.92

P-values for the Fisher exact test for categorical variables and the Mann-Whitney U test for continuous variables. WHO: World Health

Organization.

bin concentration was lower at the time of diagnosis in
the validation cohort (98 g/L vs. 89 g/L, P=0.001) while
there were no significant differences between the cohorts
with regard to World Health Organization (WHO) perform-
ance status, WBC count, platelet count, and lactate de-
hydrogenase (LDH), C-reactive protein (CRP) and
fibrinogen levels.

The cause of death was available for 46 and 23 ED pa-
tients in the training and validation cohorts, respectively.
Of all deaths, 59.4% were due to bleeding or thrombosis
with a median time to ED of only 2 days (range, 0-27 days).
Other major causes of death were multiorgan failure (in-
cluding ED due to differentiation syndrome) (18.8%) and
infections/sepsis (17.4%). The median time to ED for non-
hemorrhagic and non-thrombotic patients was 11 days
(range, 1-24 days).

Comparison of early death versus non-early death
patients in the training cohort

Table 2 shows a comparison between ED and non-ED pa-
tients in the training cohort. ED patients were older than
non-ED patients (median age: 65 vs. 52 years, P<0.001).
Furthermore, 54.2% of ED patients had a WHO perform-
ance status of 2-4 at the time of diagnosis compared to
14.0% of non-ED patients (P<0.001). ED patients also had
higher levels of WBC, LDH, CRP and creatinine compared
to non-ED patients. Platelet counts and albumin levels
were significantly lower in ED patients. There were no dif-
ferences in gender distribution or hemoglobin levels be-
tween ED and non-ED patients.

Multivariate logistic regression analyses were performed
with regard to ED with the initial inclusion of age, hemo-
globin, WBC and platelets in the training cohort. These
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Figure 1. Distribution of early deaths. (A, B) The number and deaths per day from time of diagnosis in the training cohort (A) and

the validation cohort (B).

variables were included as they are readily available at the
time of APL diagnosis, had no need for conversion factors
(e.g. creatinine and LDH) and to keep the events-per-vari-
able >10 as recommended.?? LDH, which was associated
with ED in univariate analysis, was excluded due to a
strong correlation with WBC count with a Pearson correla-
tion coefficient of 0.62 (95% confidence interval (95% CI):
0.55-0.69, P<0.001).

Values for hemoglobin, WBC and/or platelets had to be
imputed for 26 (8.6%) patients who lacked these data.
There were no differences between patients with com-
plete and incomplete data, suggesting that data were
missing at random (Online Supplementary Table ST). He-
moglobin showed no prognostic power and was removed
after backward selection (Online Supplementary Table S2).
The odds ratio (OR) for age was 1.50 (95% ClI: 1.24-1.83) per
10-year increase, 110 (95% Cl: 1.05-1.16) per 5x10°/L incre-
ment for WBC and 0.86 (95% CIl: 0.77-0.95) per 10x10°/L
increment for platelets.

Increasing early death is seen with rising white blood
cell count already at sub-normal and normal white cell
counts

Based on the multivariate logistic regression analysis, we
investigated the risk of ED per variable level to obtain
clinically useful cut-offs for a predictive risk score. We di-

vided the training cohort into ten quantiles by age, WBC
or platelet levels. There was a continuous linear increase
in the risk of ED with either age =50 years or WBC
>2.2x10°%/L (Figure 2). Importantly, the risk of ED increased
already at sub-normal WBC levels and with a steep in-
crease in ED risk within the normal WBC range. Contrari-
wise, the risk of ED steadily declined when platelet levels
reached =30x10°%/L.

Based on the observed risks, we divided age, WBC and
platelets into subgroups (Table 3). Age was subdivided into
four categories: <50 years, 50-59 years, 60-69 years and
>70 years; WBC into three categories: <3.0x10°/L, 3.0-
5.0x10°/L and >5.0x10°/L; and platelets into two cat-
egories: 230x10°/L and <30x10°%/L. Interestingly and as
noted above, already sub-normal WBC levels had a clear
association with ED, as shown in Online Supplementary
Figure S3.

The points per risk group variables were obtained by per-
forming multivariable penalized logistic regression ana-
lyses to obtain ridge regression coefficients. We assigned
points to each category by dividing each regression coef-
ficient by the lowest regression coefficient and rounding
to the nearest integer (Table 3). A total score was assigned
to each patient by adding the points for each variable.
Zero, 1, 2 or 3 points were assigned based on age, 0, 1 or
3 points based on WBC count and 0 or 1 point based on
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Table 2. Characteristics and logistic regression analyses for early death or non-early death patients in the training cohort (n=301).

ED (N=59) Non-ED (N=242) P-value* Odds ratio 95% CI

Age (median, range) 65 (17-86) 52 (18-89) < 0.001 1.04 1.02-1.06
Women (n, %) 23 (39.0) 128 (52.9) 0.08 0.57 0.32-1.02
WHO status (n, %) < 0.001 4.63 2.93-7.30

0 2(4.4) 68 (32.5)

1 12 (26.1) 107 (51.2)

2 14 (30.4) 31 (14.8)

3 8 (17.4) 2 (1.0)

4 10 (21.7) 1 (0.5)
Hemoglobin, g/L (median, range) 97 (46-140) 98 (34-151) 0.72 1.00 0.98-1.01
Yr\gﬁat:??:ngeel)ls’ x10°L 10.6 (0.4-254) 1.7 (0-166) <0.001 1.02 1.01-1.03
Platelets, x10%L (median, range) 21 (5-143) 34 (4-366) 0.001 0.98 0.97-1.00
'(ri‘;ﬁ;en?f:zgsge”ase’ HkatL 9.8 (3.3-48) 4.8 (0-61.9) <0.001 112 1.06-1.18
?n;f;gtr']"’fapnrgg'”’ mglL 30 (0-450) 14 (0-270) 0.02 1.01 1.00-1.01
Fibrinogen, g/L (median, range) 1.5 (0.05-3.1) 1.5 (0.5-4.8) 0.26 0.63 0.35-1.11
Creatinine, umol/L (median, range) 93 (46-407) 75 (42-219) < 0.001 1.03 1.01-1.04
Albumin, g/L (median, range) 35 (22-47) 38.5 (22-54) 0.06 0.94 0.89-0.99

P-values for the Fisher exact test for categorical variables and the Mann-Whitney U test for continuous variables. ED: early death, i.e. death
within 30 days of diagnosis; 95% Cl: 95% confidence interval; WHO: World Health Organization.

platelet levels. The risk score sum for each patient ranged
from O to 7 points with a higher predicted risk of ED as
the score sum increased and with ED risks ranging from
2.3% in patients with O points to 72.0% in patients with 7
points (Online Supplementary Figure S4).

We further stratified the patients into three risk groups
based on assigned points and the predicted risk of ED.
Patients with 0-2 points had a predicted risk of ED be-
tween 0-10% and constituted a low-risk group whereas
patients assigned 3-4 points were classified as a high-
risk group with a 10-30% predicted risk of ED. Patients
with 5-7 points had >30% predicted risk of ED and were
defined as a very high-risk group (Figure 3). An online
calculator for the score is provided at: apl-early-
death.shinyapps.io/risk-score.

Risk score performance in the training and validation
cohorts

The risk score distribution in the training cohort is
shown in Figure 4A and Online Supplementary Table S3.
The 125 (41.5%) patients who were categorized as low-
risk patients (0-2 score points) had an observed ED rate
of 4.8%. The 119 (39.5%) patients who were classified as
high-risk (3-4 score points) had an observed ED rate of
20.2% while the remaining 57 (18.9%) patients were cat-
egorized as very high-risk (5-7 score points) and had an
observed ED rate of 50.9%. The median time to ED in the

low-, high- and very high-risk groups was 14 days (range,
1-22 days), 4 days (range, 0-29 days) and 6 days (range,
0-26 days), respectively. The area under the receiver op-
erating characteristic (AUROC) curve for ED in the train-
ing cohort was 0.81 (95% CI: 0.75-0.87) indicating good
discriminative potential.

We applied the predictive score to all patients in the
validation cohort with the same definitions of the score
variables and of ED as for the training cohort. The risk
score distribution in the external validation cohort is
shown in Figure 4B and Online Supplementary Table S3.
The proportions of patients per risk group were similar
to those of the training cohort with 46.5%, 34.1% and
19.4% in the low-, high- and very high-risk groups, re-
spectively. Importantly, the observed ED rates per risk
group were in line with those of the training cohort with
6.7%, 25.0% and 36.0% of patients in the low-, high- and
very high-risk groups, respectively (Figure 4C). The
AUROC for ED was 0.70 (95% CI: 0.58-0.82) in the vali-
dation cohort.

ATRA/ATO induction therapy was introduced late during
the study period and was used predominantly in Sanz
low- and intermediate-risk patients. In total, 85 patients
were treated with ATRA/ATO as induction therapy with
only five ED (5.9%) (Online Supplementary Figure ST).
These numbers were too low to further validate the score
in ATRA/ATO-treated patients specifically.
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0.4 Quantile 1 2 3 4 5
Age (years) 17-27 27-37 37-44  44-49 49-55
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6 7 8 9
55-61 61-65 65-72  72-77

10
77-89

31-40 40-56 56-74 74-110 110-366

Category

— Age
Platelets
— WBC

6 7 8 9 10

Quantile

Figure 2. Risk of early death per variable and quantile. The training cohort (n=301) was divided into ten quantiles for age,
platelets and white blood cell counts, with approximately 30 patients per quantile. Locally estimated scatterplot smoothing
curves are shown for each variable with regard to rate of early death on the y-axis. ED: early death; WBC: white blood cell count.

Comparison to other predictive scores

While the Sanz risk score was originally developed as a tool
for predicting APL relapse,® the score has also shown prog-
nostic value for ED."""?* Seventy-seven (28.0%) patients in
the training cohort and 37 (28.7%) in the validation cohort
were classified as high Sanz risk (Table 1). The observed ED
rates in the training cohort were 9.4%, 17.7% and 35.4% for
low, intermediate and high Sanz risk groups, respectively.
However, in the validation cohort, respective ED rates were
26.1%, 8.7% and 32.4% indicating less accurate ED predic-
tion with a high ED rate in the low Sanz risk group.
Merging patients in both our cohorts, the net reclassifica-
tion improvement compared to the Sanz risk was 23.3%
with regard to the proposed risk groups (Online Supplemen-
tary Table S4, Online Supplementary Figure S5). Sanz risk
overestimated the risk of ED in non-ED patients of whom
41.5% could be accurately stratified to a lower risk with our
score. The AUROC of our new risk score was 0.77 (95% CI:
0.72-0.83) compared to 0.64 (95% Cl: 0.58-0.71) for the Sanz
risk score (Figure 5) when merging our cohorts.

We also compared our risk score to two previously pub-
lished risk scores designed to predict ED in APL but to our
knowledge not yet externally validated. The suggested re-

Table 3. Table 3. Multivariable penalized logistic regression for
early death in the training cohort.

Rldgg Assigned
regression oints*
coefficients P
<50 ref. 0
50-59 0.63 1
Age (years)
60-69 1.30 2
=70 1.63 3
<3 ref. 0
WBC (x109L) 3-5 0.70 1
>5 1.71 3
Platelets =30 ref. 0
(x10°L) <30 0.61 1
Intercept -3.42

*Points were assigned by dividing each regression coefficient by the
lowest regression coefficient and rounding to the nearest integer. ED:
early death, i.e. death within 30 days of diagnosis; WBC: white blood
cells, ref: Reference.

Haematologica | 107 July 2022
1533



ARTICLE - Predicting early death in APL

A. Osterroos et al.

Age at diagnosis

< 3.0 x 10°/L

8
3.0- 5.0 x 109/L
S

= 5.1 x 109/L
=30 x 109/L < 30 x 109/L
Platelets
i Low risk A High risk g Very high risk
0 - 2 points 3 - 4 points 5 - 7 points

o . .
k< 10 % predicted risk T

10 - 30 % predicted risk

o . .
k> 30 % predicted risk )

Figure 3. Risk score algorithm. The total sum of assigned points per variable level can rapidly be found in the tabulated chart
above. Higher points indicate a higher risk for early death (ED). Colors indicate the predicted risk of ED as shown in the boxes

below.

vised Sanz risk score by Lou and colleagues risk stratifies
patients into four categories based on age, WBC and pla-
telets.” The risk score developed by Cai and colleagues
assigns points based on age, WBC, platelets and LDH and
was internally validated at the time of publication.”® In
comparison to an AUROC of 0.77 (95% CI: 0.72-0.83) for
our risk score, these models obtained lower AUROC of 0.75
(95% CI: 0.69-0.80) for the score by Cai et al. and 0.72
(95% ClI: 0.66-0.77) for the score by Lou et al. (Figure 5).

Discussion

ED emerges as the most important remaining challenge in
APL treatment. The assessment of an individual’s risk of
ED can have an impact on treatment strategy, medical in-
tervention, level of surveillance and frequency of monitor-
ing. Despite these facts, there are no clinically used and/or
validated risk stratification tools to date concerning the
risk of ED.

Clinical trials often underestimate the true rate of ED,
mainly due to the exclusion of patients presenting with high
age, poor performance status, major hemorrhage or life-
threatening coagulopathy. This results in differences in ED
rates between clinical trials and population-based reports.*
B A tool to assess the risk of ED, and that is relevant for
clinical routine, therefore needs to be based on population-
based data without the application of exclusion criteria.

In this study, we used real-world data from the nationwide
population-based Swedish AML Registry, one of the few
AML registries in the world with close to 100% coverage.®

The Swedish cohort included all patients diagnosed with
APL nationwide between 1997 and 2020. To the best of our
knowledge, this is the first study to utilize a truly popu-

A B
19 % — 19 % —
) ks 7%
40 % — 34 % -
® Low risk Highrisk @ Very high risk
C 100
B Training Validation
80
Q60 50.9
X 40 =
25
20.2
<0 48 6.7 ‘
0 | o I
= < <
o 2 Ry
- T =
£
Risk group 2

Figure 4. Risk score distribution and calibration plot. (A, B)
Distribution of risk score groups in the training (A) and
validation (B) cohorts, with green indicating low-risk, yellow
indicating high-risk and red indicating very-high risk groups.
(C) Calibration plot with the observed proportion of early
deaths (ED) per risk group in the training cohort (blue) and
validation cohort (green).
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Figure 5. Receiver operating characteristic curves with areas under the curve (AUC) for the risk scores assessed: the score
suggested here, the Sanz score, and the scores of. Lou et al." and Cai et al.”

lation-based APL cohort to develop a risk score for ED.
Based on uni- and multivariable logistic regression ana-
lyses, a risk-per-quantile assessment and multivariable
penalized logistic regression analysis to obtain ridge re-
gression coefficients, a model was developed that ident-
ified the most significant risk factors and their optimal
cut-off values. Patients were divided into three risk groups
based on their total score points, identifying low-risk,
high-risk and very high-risk patients with ED risks of <10%,
10-30% and >30%, respectively.

The model identified WBC, platelets and age as the most
significant risk factors and was, therefore, based on these
parameters. Although studies differ somewhat with re-
spect to risk factors for ED, WBC, platelets and age are
recurrent in numerous studies.*'"32® However, in contrast
to the commonly used 10x10°/L cut-off value for WBC, we
found the risk of ED increased already at sub-normal WBC
levels from approximately 2x10°/L, then increased steeply
within the normal WBC range. This suggests the need for
increased vigilance for ED already at WBC values below
or within the normal range. The increase of ED at WBC
levels below 10x10°/L in part explains why the score
showed better discriminative power for ED compared to
the Sanz risk score. Moreover, the risk score also per-
formed better than the previously published ED risk
scores'® which, to our knowledge, also remain externally
unvalidated. Nonetheless, the model by Cai and col-

leagues could be validated in our study and may act as
an alternative for assessing ED risk.

For studies that include measurement of the WHO per-
formance status, this is also associated with a higher risk
of ED,?® as also in our study. However, the performance
status at presentation is a subjective factor and it can also
be strongly affected by already manifest intracerebral
bleeding or thrombosis which makes it less suitable as a
predictive factor for ED prevention (unpublished data). The
presence of FLT3-1TD, CD2 expression and bcr3 PML-RARA
transcript have also been associated with a higher risk of
thrombosis although not uniformly.??®* Such molecular
data were not available for our cohorts but could poten-
tially further improve the risk stratification.

Limitations to our study include the use of retrospective
data where the prediction of ED was made with the knowl-
edge of outcome data that could introduce bias. Moreover,
both the training and the validation cohorts only span a
short time period after the introduction of ATO as a stan-
dard induction therapy. Induction treatment with ATO in
combination with ATRA was introduced late during the
study period and while ATO/ATRA-treated patients are in-
cluded in this study, the low numbers of patients were not
sufficient to accurately validate the score solely for
ATO/ATRA-treated patients. This warrants further validation
of the proposed risk score, preferably in prospective co-
horts, in which patients are treated uniformly with ATRA
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and ATO. Another factor that is not accounted for in our
score, as well as in the other APL scores, is the presence
of comorbidities and the risk of ED. Comorbidities likely
play a role in the risk of ED but how to include them ac-
curately in a score system remains a challenge.

An obvious question is how a predictive score for ED in
APL should be used in clinical routine and what type of
measures should be taken in APL patients with a high or
very high risk of ED. Current European LeukemiaNet (ELN)
guidelines recommend treatment with fibrinogen (and/or
cryoprecipitate or fresh-frozen plasma) to keep fibrinogen
levels >100-150 mg/dL and platelet transfusions to main-
tain levels >30-50x10°/L in all newly diagnosed APL pa-
tients. The score presented here can potentially be used
to identify patients who need a more aggressive approach
regarding monitoring frequency, level of surveillance
and/or more rapid action when levels are below the
thresholds. Even higher thresholds for platelet trans-
fusions could potentially be used for patients at the high-
est risk, but such recommendations need to be further
evaluated. Moreover, the need for frequent monitoring
and quick action may require surveillance in intensive
care units, which could be contacted already when a pa-
tient with an especially high ED risk is identified.

We conclude that WBC values already below or within the
normal range in APL patients are associated with an in-
creased risk of ED which should be considered when as-
sessing the risk of ED in APL patients. We here propose a
risk score for ED in APL designed for the real-life situation
and that can be used to risk-stratify patients when de-
ciding upon level of surveillance and transfusion thresh-
olds in order to overcome ED as one of the last standing
barriers to successful APL treatment.
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