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ABSTRACT

Newly diagnosed acute promyelocytic leukemia (APL) patients were evaluated, and the effectiveness of the Sanz risk model was com-
pared with other risk models developed for early mortality. To determine a simple, reliable, and highly effective risk model used in clini-
cal practice for earlier recognition of high-risk patients at high risk of mortality. This is a retrospective analysis of 57 patients diagnosed
with APL in our clinic between January 2002 and June 2019. Patients were grouped under the risk models of Sanz score, modified
Sanz risk score, the International Society on Thrombosis and Haemostasis (ISTH), and other scores by Osterroos et al. and Cai et al.
We found higher white blood count (WBC) is independently associated with 30-day mortality [Odds ratio (OR): 1.030, 95% confidence
interval (Cl): 1.005 - 1.055, p= 0.017]. Albumin, another variable included in the multivariable model, was found non-significant (p=
0.055). The modified Sanz risk score had a sensitivity of 77.78% and specificity of 66.67% to predict 30-day mortality for high and
ultra-high-risk patients [Area under the curve (AUC): 0.727, 95% CI: 0.514 - 0.939, p= 0.032]. Additionally, the AUC of the modified
Sanz risk score was significantly higher than the Sanz risk score (p= 0.028). We found no significant difference between the AUC of
the Sanz risk score and Osterroos et al.’s, Cai et al.’s, and ISTH risk scores. Timely recognition of high-risk patients, taking appropriate
protective measures, and administering more aggressive supportive care can help reduce the early mortality of APL patients. Sanz risk
score and other scoring systems have been guiding the identification of high-risk APL patients. However, the most effective scoring
system could not be determined at the end of the study. There is still a need for standardized scoring systems to identify high-risk
patients more effectively, including comorbidities.
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INTRODUCTION the promyelocytic (PML) gene on chromosome 15
and the retinoic acid receptor oo (RARA) gene on
chromosome 17, is responsible for the formation
of the disease. The discovery of the cytogenetic
defect in APL has led to the understanding of the
role of the all-trans retinoic acid (ATRA) in the
treatment and performing therapeutic research.>*
Recent clinical studies show that approximately
90% of patients can be cured with molecular-tar-
geted therapies thanks to ATRA and arsenic triox-
ide (ATO).>

Acute promyelocytic leukemia (APL) is a subtype
of myeloid leukemia characterized by leukemic
cells that are blocked at the promyelocytic stage of
granulocytic differentiation. APL accounts for ap-
proximately 5-8% of all acute myeloid leukemia
(AML) cases and is often characterized by active
hemorrhagic manifestations. Hemorrhagic compli-
cations are the most common cause of morbidity
and mortality.'? The balanced reciprocal transloca-
tion t(15;17) (q22;q11-12), leading to the fusion of

UHOD Number: 3 Volume: 34 Year: 2024 doi: 10.4999/uhod.247566 113



International Journal of Hematology and Oncology

Despite all the positive developments in the course
of APL, the incidence of early hemorrhagic com-
plications leading to deaths due to the presence of
coagulopathy, such as disseminated intravascular
coagulation (DIC), fibrinolysis and proteolysis re-
mains high.'” Evidence obtained from population-
based studies suggests that early deaths (EDs)
continue affecting 10 to 32% of APL patients.!!"!?
Therefore, current studies focus on the factors re-
quiring to be taken into consideration to reduce
EDs in APL, and various risk models have been
developed to recognize high-risk patients; the Sanz
risk model is the most widely used of such risk
models." The Sanz risk model, which was origi-
nally used for estimating the risk of the relapses of
APL, is a recognized method to predict the prog-
nosis of APL. Although the Sanz risk model has
been widely adopted in daily practice, the role of
the model in predicting EDs requires to be validat-
ed. In their studies, for this reason, Lou et al., Os-
terroos et al., and Cai et al. have developed some
risk models to detect EDs.*!*!¢ The International
Society of Thrombosis and Haemostasis (ISTH)
scoring system for disseminated intravascular co-
agulation has also been developed to detect EDs
in APL patients.'”!® However, there is currently no
widely used, clinically useful, and proven standard
risk model to predict EDs in APL.

In contrast to the high-mortality initial phase in
APL, patients surviving within the initial period
have superior outcomes characterized by a lower
risk of recurrence and high 2-year survival rates of
up to 75-84%, compared to other AML subtypes
19,20. Therefore, for this patient group with a high
cure rate, the determination, disease course, and
possible risk factors of clinical features of mortal-
ity, early mortality, and relapse tendencies, recog-
nizing those at risk and creating general manage-
ment strategies are extremely important for the
successful treatment of APL patients. In the pre-
sent study, newly diagnosed APL patients treated
in a single center for 17 years have been evaluated,
and the effectiveness of the Sanz risk model and
other risk models developed for EDs have been
compared. It has been aimed to determine a simple,
reliable, and highly effective risk model health pro-
fessionals can use in practical life for recognizing
high-risk patients with a high probability of mor-
tality at an earlier period.

114

PATIENTS AND METHODS
Patients and Data Collection

The present study is a retrospective analysis of
57 patients diagnosed with APL in our clinic be-
tween January 2002 and June 2019. The diagnoses
of APL were carried out under the presence and
specific morphological changes at (15;17) trans-
location and/or promyelocytic leukemia/RARA
(PML/RARA) rearrangement. With the use of the
MIA-Med system, data related to the patients such
as complete blood count, coagulation, laboratory
parameters, pathology, findings of flow cytometry,
clinical characteristics on admission, initial date
of treatment, regimen, and responses to treatment,
side effects, EDs, and rates of disease-free and
overall survivals were evaluated from the hospital
database.

The Treatment

The treatment of ATRA was launched rapidly at
a dose of 45 mg/m? for correcting the coagulopa-
thy and inducing the remission treatment. Due to
the treatment given to induce remission, idaru-
bicin (IDA) at a dose of 12 mg/m? was adminis-
tered concomitantly with ATRA on days 2, 4, 6,
and 8. Supportive measures, such as platelet (PLT)
transfusion, fresh frozen plasma, and/or fibrinogen
transfusion were administered by targeting the PLT
count to be >30x10°L and serum fibrinogen to be
>150 mg/dL.

Upon deciding the preemptive use of corticoster-
oids by the attending physicians, those in remission
were administered three courses of consolidation
therapy with ATRA and anthracycline. To maintain
the treatment, ATRA (45 mg/m?/day) for 15 days
every three months, 6-mercaptopurine (6 MP) (50
mg/m?/day), and methotrexate (MTX) (15 mg/m?/
week) for two years were performed.

Definitions

Patients were grouped under the Sanz score, the
modified Sanz risk score, and other risk models
created by Osterroos et al. and Cai et al., and the
ISTH risk model. The scores and their definitions
used in the study are presented in Table 1.3

EDs were defined as deaths due to any reason with-
in 30 days after the diagnosis. The primary end-
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Table 1. Distribution of risk scores of different models
Sanz risk score Modified Sanz Osterroos etal’s  Caietal.’s ISTH risk score
risk score risk score risk score
Low-risk Low-risk Age at diagnosis Age > 52 Thrombocyte count, 10%/L
WBC WBC <50 1.5 point > 100; O point
< 10x10%L, < 10x10%L, 50-59 50-100;1 point
PLT PLT 60-69 WBC count < 50; 2 points
> 40x10° /L > 40x10%L >70 > 10x10%L,
2 points PT or aPTT
Intermediate Intermediate WBC count PLT count PT < 3 sec
WBC < 10x109/L, WBC/PLT WBC <3x10%/L, < 10x10%L, ULN 0 point
PLT < 0.2, and age <60, WBC 1 point PT 3-6 sec
< 40x10° /L (not in low-risk) 3.0-5.0x10° /L ULN 1 point
PT > 6 sec
High-risk High-risk PLTs LDH level ULN 2 points
WBC >10x10%L WBC/PLT > 30x10° /L > 500 U/L
> 0.2 or age >6 0, < 30x10°/L 1 point D-dimer level
(not in low and < 0.5 pg/mL
ultra-high risk) Low-risk 0 point
0 point 0.5-5 pg/mL
Ultra-high risk Low-risk 2 points
WBC >50x10%L 0-2 points Intermediate > 5 pg/mL
1-2 points 3 points
High-risk
3-4 points High-risk Fibrinogen g/dL > 1
2.5-4 points 0 point
Ultra-high risk <1
5-7 points Ultra-high risk 1 point
4.5 point
Interpretation of results
> 5 points DIC
aPTT: Activated Partial Thromboplastin Time, DIC: Disseminated intravascular coagulation, LDH: Lactate dehydrogenase, PLT: Platelet, PT: Partial
thromboplastin, sec: Second, ULN: Upper limit normal, WBC: White blood count

point of our study was to evaluate the superiority
and effectiveness of these scores in predicting EDs
and prognosis in newly diagnosed APL patients.

Ethical approval: This research was carried out
under the 1961 Declaration of Helsinki and its lat-
er amendments. Uludag Technical University Eth-
ics Committee approved the study protocol (Date:
February 2020, Approval number: 2020-3/9; 2011-
KAEK-26/84).

Statistical Analysis

All statistical analyses were performed using the
Statistical Package for Social Sciences for Win-
dows, version 25.0 (SPSS, IBM Corp., Armonk, NY,
U.S.) and MedCalc Statistical Software, Version
15.8 (MedCalc Software bvba, Ostend, Belgium).
For checking the normality, the Shapiro-Wilk test
was used. The data are given as meanzstandard de-
viation (SD) or median (min-max) for continuous
variables according to the normality of distribution
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and as frequency (percentage) for categorical vari-
ables. Recurrence and mortality rates concerning
risk categories were analyzed with the chi-square
test, Fisher’s exact test, or Fisher-Freeman-Halton
test. Pairwise comparisons were adjusted by the
Bonferroni correction method, and logistic regres-
sion analyses were performed to determine the
prognostic factors of recurrence and mortality.
Variables were also analyzed with the univariable
logistic regression analysis, and statistically signif-
icant variables were included in the multivariable
logistic regression analysis through the forward
conditional selection method. The prediction per-
formance of the risk scores was assessed by us-
ing the Receiver Operating Characteristic (ROC)
curve analysis. The comparisons of the area under
the ROC curves were performed with the Hanley
& McNeil approach, and the two-tailed p-values
of <0.05 were considered statistically significant.
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RESULTS

Fifty-seven patients (36 females and 21 males)
were included in the study, and the mean age at
diagnosis was measured as 40.77+12.15 (range
between 18-68 years). While two (3.51%) pa-
tients had diabetes mellitus (DM), four (7.02%)
patients were detected to be with hypertension,
and one (1.75%) patient was with both DM and
hypertension. Additionally, while one (1.75%) and
39 (68.42%) patients were determined to have hy-
pogranular variant and hemorrhage at diagnosis
respectively, six (10.53%) and three (5.26%) had
thrombosis and both hemorrhage and thrombosis
at diagnosis, respectively. The characteristics, lab-
oratory findings, and risk scores of APL patients
are presented in Table 2.

Considering the Sanz risk score, 19 (33.33%), 22
(38.60%), and 16 (28.07%) patients were found
to be with low, intermediate and high risk, respec-
tively. Given the modified Sanz risk score, how-
ever, 19 (33.33%), 15 (26.32%), 18 (31.58%), and
5 (8.77%) patients were seen to be with low, in-
termediate, high, and ultra-high risks, respectively.
Compared in terms of Osterroos et al.’s risk score,
32 (56.14%), 23 (40.35%), and two (3.51%) pa-
tients were found to be with low, high, and ultra-
high risk, respectively. Even so, when compared
the patients in terms of Cai et al.’s risk score, 28
(49.12%) were low risk, 11 (19.30%) were inter-
mediate risk, 17 (29.82%) were high risk, and one
(1.75%) patient was with ultra-high risk. Concern-
ing the ISTH score, 31 (54.39%) and 26 (45.61%)
were found to be low and high-risk patients (Table 2).

Data are given as meanztstandard deviation or me-
dian (minimum - maximum) for continuous vari-
ables according to normality of distribution and
as frequency (column percentage) for categorical
variables. aPTT: Activated partial thromboplastin
time, ATRA: All-trans retinoic acid, DM: Diabe-
tes mellitus, Hgb: Hemoglobin, HF: Hearth failure,
Ht: Hypertension, INR: International normalized
ratio, ISTH: International Society on Thrombo-
sis and Haemostasis, PLT: Platelet, WBC: White
blood count

The median follow-up time was measured as
46.60 (range between 0.13-175.83 months). While
nine (15.79%) patients had ATRA syndrome, 44
(77.19%) and six (10.53%) patients were seen to
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Table 2. Summary of the characteristics, laboratory meas-
urements, and risk scores of acute promyelocytic leukemia

patients
n (%)
Age (years) 40.77+12.15
Sex
Female 36 (63.16)
Male 21 (36.84)
Comorbidity
None 50 (87.72)
DM 2 (3.51)
Ht 4(7.02)
DM&Ht 1(1.75)
HF 0 (0.00)
Variants
Classic 56 (98.25)
Hypogranular 1(1.75)
Complication
None 9 (15.79)
Thrombosis 6 (10.53)
Hemorrhage 39 (68.42)
Thrombosis&Hemorrhage 3 (5.26)
WBC (x109) 2.17 (0.49-164.00)
Hgb 95.42+20.45
Lymphocyte (x109) 0.73 (0.10-18.40)
Total cholesterol 198.60+48.50
Albumin 41.89+6.12
PLT (x109) 33.9 (4.21-232.0)
INR 1.16 (0.90-1.80)
D-dimer 20 (1.5-400)
Fibrinogen 176.5 (60-543)
aPTT 24.0 (19.3-43.8)
Sanz risk score
Low 19 (33.33)
Intermediate 22 (38.60)
High 16 (28.07)
Modified Sanz risk score
Low 19 (33.33)
Intermediate 15 (26.32)
High 18 (31.58)
Ultra-high 5(8.77)
Osterroos et al.’s risk score
Low 32 (56.14)
High 23 (40.35)
Ultra-high 2 (3.51)
Cai et al.’s risk score
Low 28 (49.12)
Intermediate 11 (19.30)
High 17 (29.82)
Ultra-high 1(1.75)
ISTH score
Low 31 (54.39)
High 26 (45.61)
Follow-up time, months 46.60 (0.13-175.83)
ATRA syndrome 9 (156.79)
Complete remission 44 (77.19)
Recurrence 6 (10.53)
Mortality 14 (24.56)
30-day mortality 9 (156.79)
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Table 3. Recurrence, mortality, and 30-day mortality rates for risk scores
Recurrence P Mortality P 30-day Mortality p
n (%) n (%) n (%)
Sanz risk score
Low 2 (10.53) 0.869 4 (21.05) 0.131 2 (10.53) 0.539
Intermediate 3(13.64) 3(13.64) 3(13.64)
High 1(6.25) 7 (43.75) 4 (25.00)
Modified Sanz risk score
Low 2 (10.53) 1.000 4 (21.05) 0.016 2 (10.53) 0.014
Intermediate 2(13.33) 1(6.67) 0 (0.00)
High 2 (11.11) 5(27.78) 4 (22.22)
Ultra-high 0 (0.00) 4 (80.00)# 3 (60.00)#
Osterroos et al.’s risk score
Low 1(3.13) 0.095 4 (12.50) 0.011 3(9.38) 0.138
High 5(21.74) 8(34.78) 5(21.74)
Ultra-high 0 (0.00) 2 (100.00)* 1 (50.00)
Cai et al.’s risk score
Low 2(7.14) 0.274 5(17.86) 0.005 3(10.71) 0.026
Intermediate 3 (27.27) 0 (0.00) 0 (0.00)
High 1(5.88) 8 (47.06)# 5(29.41)
Ultra-high 0 (0.00) 1 (100.00)# 1 (100.00)#
ISTH risk score
Low 4 (12.90) 0.678 4 (12.90) 0.026 2 (6.45) 0.065
High 2 (7.69) 10 (38.46)" 7 (26.92)
Data are given as frequency (row percentage). * Significantly different from Low risk. # Significantly different from Intermediate risk. ISTH: Internationa
Society on Thrombosis and Haemostasis

have complete remission and recurrence, respec-
tively. Among six patients having complete re-
currence, while one received no treatment for re-
currence, one patient was treated with ATO plus
IDA (AIDA) treatment, one with ATRA, one with
ATO+allogeneic stem cell transplant (AlloSCT),
and two patients with ATO+ATRA+AlloSCT for
the recurrence. Unfortunately, 14 (24.56%) patients
were exitus. Given the reasons leading to mortality,
the culprits were as follows: hemorrhage for seven
patients, sepsis for three, pneumonia for one, aspi-
ration for one, malignant arrhythmia for one, and
hemorrhage+sepsis for one patient. Nine (15.79%)
patients died within 30 days (Table 3), and the
deaths of these patients took place on days 4, 4, 10,
12, 13,17, 17,22 and 22, respectively.

When we evaluated recurrence rates concerning
the risk scores, we found no significant difference
between the risk groups in all scores. When we
evaluated mortality rates in terms of risk scores, we
also observed no significant difference between the
risk groups of the Sanz risk score. Mortality per-
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centage was significantly seen to be higher among
those with ultra-high risk than in the intermediate
risk group in terms of the modified Sanz risk score
(p=0.016). Given Osterroos et al.’s risk score, mor-
tality percentages were found significantly higher
in those with ultra-high risk than in the low-risk
group (p= 0.011). Mortality percentages were also
significantly higher in the high-risk and ultra-high-
risk groups than in those with intermediate risk
regarding Cai et al.’s risk score (p= 0.005). Mor-
tality percentages were detected to be significantly
higher among those with the high risk than in the
low-risk group in terms of ISTH score, as well (p=
0.026). When we evaluated the 30-day mortality
rates as to risk scores, no significant difference was
seen between the risk groups of the Sanz, Osterroos
et al., and ISTH risk scores. The 30-day mortality
percentages were significantly higher in the ultra-
high-risk group than in the intermediate-risk group
under the modified Sanz risk score (p=0.014) and
Cai et al.’s risk score (p=0.026) (Table 3).
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Figure 1. ROC curves of risk scores to predict recurrence
ISTH: International Society on Thrombosis and Haemostasis, ROC: Re-
ceiver Operating Characteristic

When we evaluated the performance of risk scores
to predict the recurrence, no scores were found to
be significant, and no significant difference was
found between the performance (AUC) of the Sanz
risk score and other risk scores (Figure 1).

After performing logistic regression analysis to de-
termine prognostic factors of mortality, we found
that high WBC was independently associated with
mortality (OR: 1.033, 95% CI: 1.004-1.061, p=
0.023), and another variable included in the mul-
tivariable model, albumin (p= 0.084) was also de-
tected to be non-significant.

When we evaluated the performances of risk scores
to predict mortality (Figure 2), it was found that the
Sanz and modified Sanz risk scores, and the ISTH
score were non-significant, and also that Osterroos
et al.’s risk score had a sensitivity of 71.43% and
specificity of 65.12% in predicting mortality for
high and ultra-high risk groups (AUC: 0.708, 95%
CI: 0.544-0.871, p= 0.020). However, the sensitiv-
ity and specificity of Cai et al.’s risk score were
detected as 64.29 and 79.07% to predict mortality
for high and ultra-high-risk groups, respectively
(AUC: 0.679, 95% CI: 0.496-0.861, p=0.046). On
the other hand, we found no significant difference
between the AUC of the Sanz risk score and other
risk scores (Table 4).

Upon performing logistic regression analysis to
determine the prognostic factors of 30-day mortal-
ity, we revealed that high WBC was independently
associated with 30-day mortality (OR: 1.030, 95%
CI: 1.005-1.055, p= 0.017), and another variable
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Figure 2. ROC curves of risk scores to predict mortality,
ISTH: International Society on Thrombosis and Haemostasis, ROC: Re-
ceiver Operating Characteristic

included in the multivariable model, albumin (p=
0.055) was found to be non-significant.

The risk scores of Osterroos et al., Cai et al., and
ISTH were found to be non-significant (Figure 3).
The sensitivity and specificity of the modified Sanz
risk score were detected as 77.78 and 66.67% to
predict 30-day mortality for high and ultra-high-
risk groups (AUC: 0.727, 95% CI: 0.514-0.939, p=
0.032). In addition, the AUC of the modified Sanz
risk score was significantly higher than in the Sanz
risk score (p=0.028), and no significant difference
was found between the performances (AUC) of the
Sanz, Osterroos et al.’s, Cai et al.’s, and ISTH risk
scores (Table 5).

DISCUSSION

In our study, we aimed to determine the most ef-
fective risk score in predicting mortality and prog-
nosis in APL. It has also been observed that the
Sanz risk score can be used as effectively as other
scores in predicting EDs. To our knowledge, our
study is one of the few reports comparing the per-
formances of the Sanz risk score and other risk
scores in APL. In a study performed in 2000, Sanz
et al. proposed a simple risk model named the Sanz
risk score in assessing the WBC and PLT counts
for APL. The Sanz risk model was developed to
predict post-treatment relapses with ATRA and
IDA." In the updated Swedish population-based
report, the prognostic role of the Sanz risk score
was further shown as 12% in low, 22% in interme-
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Figure 3. ROC curves of risk scores to predict 30-day mor-
tality,

ISTH: International Society on Thrombosis and Haemostasis, ROC: Re-
ceiver Operating Characteristic

diate, and 44% in high-risk groups."® Several stud-
ies have also revealed that the Sanz score also has a
prognostic value for EDs.*!*?! In another study by
McClellan et al., the Sanz risk stratification values
were reported as 0, 15, and 33% in predicting mor-
tality rates in the low, intermediate, and high-risk
groups by day 7, respectively.?? In our study, we
also found no significant difference between the
performance of the Sanz risk score and other risk
scores in predicting mortality.

Thanks to increasingly effective treatments, EDs
have become the most significant cause of thera-
peutic failures in patients with APL. Clinical stud-
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ies often underestimate the accurate rate of EDs,
mainly due to the exclusion of patients presenting
with advanced age, poor performance status, ma-
jor hemorrhage, or life-threatening coagulopathy,
resulting in differences in the rate of EDs between
clinical studies and population-based reports.®>*2*

In our study, the rate of EDs was found to be
15.79%. Although some studies display slight dif-
ferences in terms of risk factors for EDs, there are
similar factors, such as WBC, PLT, and age in most
studies.!”*? Reducing the rate of EDs should un-
doubtedly be the most important goal, and so re-
searchers have developed various risk models to
achieve this goal. However, a widely accepted
risk model with proven effectiveness in predicting
the risk of premature death has yet to be devel-
oped.

In their study by Lou et al., the modified Sanz risk
score was reported to divide patients into four risk
categories based on age, WBC, and PLT, and this is
the first report to show that the WBC/PLT ratio is a
good indicator of EDs in patients with APL. While
patients having WBC below 3x10°/L had the low-
est observed rate of EDs (1.6%), those presented
with ultra-high WBC (above 50x10°L) were stat-
ed to have the highest ED rate (41.2%) 3. The cur-
rent rate of EDs of 7.2% was close to that (9.6%)
reported by the French study carried out by Rah-

Table 4. Performance of risk scores to predict mortality

Sanz risk skor Modified Sanz  Osterroos et al.’s Caietal’s ISTH risk

(%) risk score (%) risk score (%) risk score (%) score (%)
Cut-off High High High High High
or above or above

Sensitivity 50.00 64.29 71.43 64.29 71.43
Specificity 79.07 67.44 65.12 79.07 62.79
Accuracy 71.93 66.67 66.67 75.44 64.91
PPV 43.75 39.13 40.00 50.00 38.46
NPV 82.93 85.29 87.50 87.18 87.10
AUC (95% Cl) 0.620 0.664 0.708 0.679 0.671

(0.435-0.804) (0.475-0.852) (0.544-0.871) (0.496-0.861) (0.509-0.833)
p for AUC (1) 0.182 0.068 0.020 0.046 0.056
p vs Sanz risk score (2) - 0.416 0.243 0.358 0.629
(1) Analysis of AUC under the null hypothesis of HO: AUC=0.500, (2) Comparison with AUC of Sanz risk score under the null hypothesis of HO:
AUCT=AUC2. AUC: Area under the ROC curve, ClI: Confidence intervals, NPV: Negative predictive value, PPV: Positive predictive value

UHOD ~Number: 3 Volume: 34 Year: 2024

119



International Journal of Hematology and Oncology

Table 5. Performance of risk scores to predict 30-day mortality
Sanz risk skor Modified Sanz Osterroos et al.’s Caietal.’s ISTH risk
(%) risk score (%) risk score (%) risk score (%) score (%)
Cut-off High High High High High
or above or above or above
Sensitivity 44.44 77.78 66.67 66.67 77.78
Specificity 75.00 66.67 60.42 75.00 60.42
Accuracy 70.18 68.42 61.40 73.68 63.16
PPV 25.00 30.43 24.00 33.33 26.92
NPV 87.80 94.12 90.63 92.31 93.55
AUC (95% Cil) 0.612 0.727 0.650 0.684 0.691
(0.407-0.817) (0.514-0.939) (0.449-0.852) (0.466-0.902) (0.510-0.872)
p for AUC(1) 0.289 0.032 0.155 0.082 0.071
p vs Sanz risk score(2) - 0.028 0.640 0.338 0.459
(1) Analysis of AUC under the null hypothesis of HO: AUC= 0.500, (2) Comparison with AUC of Sanz risk score under the null hypothesis of HO: AUC1=
AUC2. AUC: Area under ROC curve, Cl: Confidence intervals, ISTH: International Society on Thrombosis and
Haemostasis, NPV: Negative predictive value, PPV: Positive predictive value

mé et al."> However, the rate reported in the study
by Rahmé et al. is lower than the rates found in
most population-based studies in developed coun-
tries.!”?>?* It was also seen in our study that high
WBC was independently associated with 30-day
mortality (OR: 1.030, 95% CI: 1.005-1.055, p=
0.017). In our study, the modified Sanz risk score
was detected to have a sensitivity of 77.78% and
specificity of 66.67% to predict 30-day mortality
for high and ultra-high risk groups (AUC: 0.727,
95% CI: 0.514-0.939, p= 0.032). As a result, the
modified Sanz score was found to be more effec-
tive in predicting 30-day mortality than the Sanz
score and other risk scores in our study.

Osterroos et al. carried out a study in 2022 on
newly diagnosed APL patients in light of the popu-
lation-based Swedish AML Registry (n= 301) and
the Portuguese hospital-based registry (n= 129) as
training and validation cohorts to develop a predic-
tion model for EDs.' Based on univariate and mul-
tivariate logistic regression analyses, a model was
developed by Osterroos et al. to identify the most
important risk factors and their optimal threshold
values. In the model, patients were divided into
three risk groups based on their total score points,
and the risk scores for EDs were identified as <10,
10-30, and >30% in the low-risk, high-risk and
ultra-high-risk patients, respectively. WBC, PLT,
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and age were also identified as the most significant
risk factors in the model, based on these param-
eters. However, in contrast to the commonly used
10x10%/L cut-off value for WBC, Osterroos et al.
found that the risk of EDs already increased at sub-
normal WBC levels from approximately 2x10%/L
and then continued to increase steeply within the
normal WBC range. Such a situation indicates
that health professionals should be more alert to
patients with WBC values already at or below the
normal reference range for EDs. Although Oster-
roos et al. stated that their model demonstrated a
better performance than the modified Sanz and Cai
et al.’s risk scores in the study, such superiority was
not observed in our study.

In another study, Cai et al. also developed a model,

internally validated at the time of publication, to
predict the risk score based on age, WBC, PLT, and
LDH. In the study, it was observed that the ED risk
gradually enhanced with increasing WBC, and the
early mortality rate was found to be 7.54%.'* How-
ever, the effect of PLT count was controversial in
the study. Also, in the multivariate analysis of Cai
et al.’s study, it was validated that lower PLT count
was associated with increased early mortality.'s
However, in our study, PLT count was not found
to be a significant risk factor in mortality and early
mortality.
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DIC is an important challenge to cope with early
mortality in APL. The coagulopathy of APL is
unique since the activation of the coagulation cas-
cade exists due to the expression of tissue factor
and other procoagulants with concomitant increase
in primary and secondary fibrinolysis due to ex-
pression of Annexin II on the APL blasts.”” The
ISTH scoring system has been widely acknowl-
edged as a reliable screening tool to detect DIC, re-
gardless of the cause, and in ISTH, four parameters
are evaluated at diagnosis: PLT level, fibrinogen,
D-dimer, and PT.?® In previous studies, the role of
the ISTH score was also evaluated in predicting
EDs in APL patients. A study revealed that while a
score of ISTH = 5 was not associated with DIC, a
score of > 6 was associated with EDs.” In another
retrospective study, an ISTH score = 6 was report-
ed to be correlated with hemorrhagic ED.***! In our
study, patients were grouped as high and low-risk
under the ISTH score, and no significant superior-
ity was detected between the ISTH score and other
scores. However, the percentage of mortality was
significantly higher in the high-risk group than in
the low-risk group in terms of the ISTH score (p=
0.026).

There are also various limitations in our study. Two
primary limitations are that our study has a retro-
spective design and a relatively small sample size.
Unrecognized bias might also have influenced the
findings. Due to a substantial proportion of miss-
ing data in the patient’s charts, we were unable to
analyze other potential factors, such as the perfor-
mance status, severity of hemorrhage, and other
complications. Therefore, it is necessary to com-
pare our findings with those in studies with pro-
spective designs and larger populations that are
performed in multiple centers to reach more accu-
rate results.

In conclusion, EDs, mortality, and recurrences
occurring from the initial of the treatment to the
end of induction emerge as the largest challenges
against the success of the treatment. Timely rec-
ognition of high-risk patients, taking appropriate
protective measures, and administering more ag-
gressive supportive care to such patients may help
reduce EDs. The Sanz risk score and other scoring
systems have guided identifying high-risk patients.
However, the most effective scoring system could
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not be determined at the end of the study. We con-
sider that there is still a requirement for standard-
ized scoring systems, also including comorbidities,
to identify high-risk patients more effectively.
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