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ABSTRACT

The improvement in survivals of acute promyelocytic leukemia (APL) patients are still debated. In this study, we aimed to analyze the 
survival and early mortality (EM) rates of APL patients. In this study, de-novo APL patients who was followed up by our clinic between 
the years 2003-2021, were retrospectively analyzed. Patients were divided in according to their year of diagnosis, 2003-2013 (n= 33) 
and 2014-2021 (n= 19) groups. The 2-years survival is 52.5% and 78.9% in 2003-2013 group and 2014-2021 group, respectively, p= 
0.069.The EM was not statistically different between the 2003-2013 and 2014-2021 groups (11/22 vs.4/15, p= 0.347). The 2-years 
survival ratio is 75.3% and 36.4% in modified-AIDA and IDA-ARA/C-ATRA treatment groups, respectively, p= 0.003. EM according 
to treatment groups were 7/38 versus 7/11 in modified-AIDA and IDA-ARA/C-ATRA,respectively, p= 0.001.White blood cell count ≥ 
10000/µl is the most important predictor of EM with overall prediction of 79.5%. The second most important factor which is related 
with EM is infection of patients at presentation.If these two factors are considered together there is an 84.1% overall prediction of EM. 
The third and last significant factors that effects EM is the induction treatment protocol. If these three significant parameters consid-
ered all together,there would be an 88.6% overall prediction of EM. The overall survival of APL patients is slightly improved between 
the years 2014-2021 compared to 2003-2013. The reason of this improvement is not the reduction of EM in the APL patients. Better 
diagnostic tools and molecular monitoring and better supportive care may have played role in the improvement of the survival of APL 
patients. In order to further improvement of the overall survival of APL patients, EM rates must be decreased. According to our study 
results, rapid and efficient treatment of infections in APL patients look like the only modifiable parameter that is related with EM.
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INTRODUCTION

Acute promyelocytic leukemia (APL) is currently 
classified as acute promyelocytic leukemia with 
t(15; 17)(q24.1; q21.2); PML-RARA in the World 
Health Organization classification system.1 APL 
is a distinctive syndrome that should be suspected 
in patients who present with bleeding or bruising, 
leukemic blasts with coarse or dense cytoplasmic 
granules, and/or few circulating leukemic cells. 
APL is a medical emergency that requires distinc-
tive and urgent treatment. If not treated, APL has a 
very short median survival of less than one month 

due to uncontrolled bleeding. APL represents a 
medical emergency with a high rate of early mor-
tality, often due to hemorrhage from a characteris-
tic coagulopathy.2 The incidence of early hemor-
rhagic death was 3.7% among nearly 1000 cases 
that registered on prospective clinical trials which 
included early administration of all-trans retinoic 
acid (ATRA).3 On the other hand, with current 
treatment agent including all-trans retinoic acid 
(ATRA), APL is associated with the highest per-
centage of patients who are probably cured of their 
disease. 
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However, there is heterogeneity in APL patients. 
Patients who have a white blood cell (WBC) count 
less than 10.000/µL found to have longer event-
free survival.4 Interestingly, age over 60 years is 
not a poor prognosis indicator in APL.5 Recently 
published real-life data of APL patients showed 
that early deaths are still a problem in APL despite 
the improvement of treatment approaches.6 In an-
other recent study it was suggested that the long-
term survival remains low in APL patients, particu-
larly related to a high ED rate.7 Population-based 
surveys that included less highly selected APL cas-
es resulted with an early death rate of 17-29%.8,9 A 
study that was published in year 2012 stated that 
the treatment advances have not improved the ear-
ly death rate in acute promyelocytic leukemia.9 

In the study, we have aimed to analyze the survival 
and early death rates of APL patients ranging be-
tween the years 2003-2021 and understand the fac-
tors that is related with the survival rates.

PATIENTS AND METHODS

Fifty-two de-novo APL patients who was followed 
up by our clinic between the years 2003-2021, 
were retrospectively analyzed. The inclusion crite-
ria of the patients were to be at age ≥ 18 years at the 
time of diagnosis and to have APL diagnosis. The 
APL diagnoses are made according to the World 
Health Organization criteria. If available, fluores-
cence in situ hybridization or reverse transcription-
polymerase chain reaction test was performed to 
detect translocation (15:17). Also, flow cytometric 
analyses were used to detect the leukemic blast 
cells. ED was defined as mortality due to any cause 
within 30 days after the APL diagnosis. The meth-
ods of diagnosis, first application date, diagnosis 
date, last follow-up date, mortality date, remission 
date, treatment induction date, age, gender, type of 
APL, clinical infection/DIC/bleeding at presenta-
tion, treatment protocol, treatment results, hemo-
globin, white blood cell, platelet, creatinine, fibrin-
ogen, CRP, LDH, Sans score, ECOG and cause of 
mortality were noted. The modified AIDA regimen 
was the combination of oral ATRA (45 mg/m2/day) 
and idarubicin (12 mg/m2/day).

Data of the patients were obtained from the hospi-
tal database. All of the ethical considerations was 

strictly followed in accordance with the 1964 Hel-
sinki declaration. As a standard care/action of the 
hospitals of the Hacettepe University Hospitals, it 
has been recognized from the patient records that 
all of the studied patients had given informed con-
sents at the time of hospitalization and before the 
administration of chemotherapy and other relevant 
diagnostic/therapeutic standard of care.

Statistical Analysis

Statistical analyses were done by the SPSS soft-
ware v.25. The APL patients are divided into two 
major groups according to their diagnosis periods 
which are the years of 2003-2013 and 2014-2021. 
The categorical parameters of these two groups are 
compared with chi-square test or Fisher’s exact 
test. The continuous variables are tested for nor-
mality with Kolmogorov-Smirnov test. Paramet-
ric continuous variables are compared with T-test, 
whereas the non-parametric continuous variables 
are compared with Mann-Whitney U test. 

The primary endpoint of the study was defined as 
the overall survival durations of the APL patients. 
The secondary endpoint of the study is the early 
death rates. The third endpoint of the study is to an-
alyze the parameters which is related with survival 
and death rates. Univariate analysis of parameters 
related with OS are calculated with Kaplan-Meier 
method. Parameters that were significant by the 
mean of p value < 0.1, were taken to the next step. 
Multivariate analysis of parameters related with 
OS are calculated with Cox-Regression analysis 
forward like-hood ratio method.

In order to understand the parameters related with 
ED, univariate binary logistic regression was per-
formed to each parameter. Parameters that were 
significant by the mean of p value < 0.1, were tak-
en to the next step. Multivariate logistic regression 
analysis with forward like-hood ratio method was 
performed to understand the parameters that are re-
lated with ED.

RESULTS

33 and 19 patients were included in the 2003-2013 
and 2014-2021 groups, respectively. 22/33 and 
17/19 patients were diagnosed with reverse tran-
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scriptase polymerase chain reaction test (RT-PCR) 
or conventional cytogenetic (CC) in each groups, 
p:0.102. The other parameters of the patients were 
given in Table 1. Three patients could not be given 
induction therapy because of early mortality. The 
continuous variables were tested for normality (Ta-
ble 2). The parameters of two groups were similar 
except the serum Lactate dehydrogenase levels. 

There is a borderline statistically significant dif-
ference between the overall survival of the two 
groups. The 2-years survival ratio is 52.5% and 
78.9% in 2003-2013 groups and 2014-2021 
groups, respectively, p= 0.069. Among the patients 
who were given induction therapy, the modified 
AIDA treatment has better results than idarubi-
sin- cytosine arabinoside – ATRA combination. 
The 2-years survival ratio is 75.3% and 36.4% in 
modified AIDA and IDA-ARA/C-ATRA groups, 
respectively, p= 0.003. Moreover, the early mor-
tality is more frequent in IDA-ARA/C-ATRA 
group. Among 38 patients who were given modi-

fied AIDA protocol, there were 7 early mortalities; 
whereas among 11 patients who were given IDA-
ARA/C-ATRA protocol, there were 7 early mor-
talities, also, which is statistically significant, p= 
0.001. There was a statistically significant different 
between the treatment choices and Sanz score of 
the study patients. There were 14 low risk, 19 inter-
mediate risk, and 5 high risk patients versus 3 low 
risk, 1 intermediate risk, and 7 high risk patients 
in modified AIDA groups and idarubisin-cytosine 
arabinoside-ATRA groups respectively, p= 0.002. 
According to the white blood count and treatment 
choices, patients also have statistically significant 
difference.  Patients were given 5 modified AIDA 
and 7 idarubisin-cytosine arabinoside-ATRA ver-
sus 33 modified AIDA and 4 idarubisin-cytosine 
arabinoside-ATRA protocols in white blood cell 
10.000/µL or higher and white blood cell lower 
than 10000/µL groups, respectively, p= 0.001.

There were a total of 20 deaths in our study group. 
Infection was the most frequent mortality reason 

Table 1. The parameters of the patients according to the 2003-2013 and 2014-2021 groups

Parameter 2003-2013 (n= 33) 2014-2021 (n= 19) P value

Gender (F/M) 20/13 9/10 0.355

Age (years) 42 (17-63) 49 (24-68) 0.050

Hemoglobin (gr/dl) 9.1 (4.0-13.4) 9.8 (6.0-15.6) 0.309

White blood cell (x10^3/µL) 2.6 (0.5-155.7) 2.2 (0.3-30.5) 0.739

Platelet (x10^3/µL) 19 (5-83) 29 (13-153) 0.500

Albumin (gr/dl) 4.3 (2-5) 4.3 (3-4.9) 0.787

Creatinine (mg/dl) 0.77 (0.43-1.67) 0.81 (0.5-2.3) 0.367

Fibrinogen (mg/dl) 169 (97-464) 164 (35-525) 0.575

C-reactive protein (mg/dl) 3.2 (0.5-24.8) 2.3 (0.3-45.3) 0.286

Lactate dehydrogenase (U/L) 560 (201-7222) 312 (108-493) 0.001

Induction Result (CR/Other) 21/30 15/19 0.446

Ex Status 16/33 4/19 0.050

Bleeding at presentation 6/33 2/19 0.461

Disseminated intravascular coagulation 13/33 7/19 0.855

    at presentation

Infection at presentation 20/33 9/19 0.355

Microvariant type leukemia 5/33 0/19 0.126

Modified AIDA / Idarubisin- cytosine 23/7 15/4 0.852

    arabinoside - ATRA

Sanz Score (low/intermediate/high) 11/12/10 7/9/3 0.492

ECOG (0/1/2/3/4) 9/17/3/2/2 5/11/3/0/0 0.580

Early Mortality (Y/N) 11/22  4/15 0.347
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(13/20) whereas bleeding (6/20) is the second 
frequent cause of mortality among our study par-
ticipants. One patient had died from a secondary 
malignancy. There were 15 early deaths among the 
total of 20 deaths in our study, indicating that the 
three quarter of all death were in the first 30 days 
from the diagnosis of APL. The reasons of mortal-
ity are slightly different between patients. The rea-
sons of mortality were 9 infections, 6 bleeding and 
0 other causes compared to 4 infections, 0 bleed-
ing and 1 other causes in the early mortality versus 
non-early mortality patients, respectively, with a 
borderline statistical significance; p= 0.073. 

We have aimed to investigated the early mortality 
because the early mortality among our study group 
was found to be related with the overall survival 
of the patients (p< 0.001). The early mortality was 
not statistically different between the 2003-2013 
and 2014-2021 groups (11/22 vs. 4/15, p:0.347). 
The parameters that can be related to early mor-
tality is also analyzed with logistic regression 
analysis. The parameters with p< 0.05 in univari-
ate logistic regression analysis (Table 3), were ana-
lyzed with multivariate logistic regression analysis 
with forward like-hood method. The white blood 
cell count, infection at presentation and induction 
treatment protocol is found to be related with early 
mortality of APL patients (Table 4). According to 
this method, white blood cell count 10000 or high-
er is the most important predictor of early mortality 
with overall prediction percentage of 79.5%. The 
second most important factor which is related with 

early mortality is infection of patients at presenta-
tion. If these two factors are considered together 
there is an 84.1% overall prediction percentage of 
early mortality. The third and last significant factors 
that effects early mortality is the induction treat-
ment protocol. If these three significant parameters 
considered all together, there would be an 88.6% 
overall prediction percentage of early mortality. 

DISCUSSION

In the literature there are previous studies that focus 
on the survival rates of APL patients. It has been 
stated that over the past decades, a remarkable ad-
vance has been seen in survival of APL, especially 
after the inclusion of ATRA.6  A previous study by 
Akcay et al. reported that long-term survival re-
mains low in APL patients, mostly associated with 
a high early death rate.7 Authors have stated that 
clinical awareness, rapid confirmation of the diag-
nosis, and quick administration of ATRA is the key 
elements to avoid early death in APL patients. Sim-
ilarly, in our study three quarter of all death were in 
the first 30 days from the diagnosis of APL. 

Table 2. Test of Normality

Parameter Kolmogorov-Smirnov  

  Significance

Age  0.2

Hemoglobin 0.2

White Blood Cell < 0.001

Platelet < 0.001

Albumine 0.052

Creatinine < 0.001

Fibrinogen 0.033

CRP  < 0.001

LDH  < 0.001

Table 3. Univariate logistic regression analysis of parameters 

with early exitus

Parameter P value

Gender 0.696

Age 0.894

White blood cell count 10000/µL or higher 0.001

Hemoglobin 10 gr/dl or higher 0.153

Platelet 40000 or higher 0.205

Lactate dehydrogenase 250 U/L or higher 0.316

Fibrinogen 150 mg/dl or lower 0.026

CRP 5 mg/dl or higher 0.028

Creatinine 1 mg/dl or higher 0.794

Albumin 4 gr/dl or lower 0.380

ECOG score 0.006

Sanz score 0.006

Bleeding at presentation 0.006

Disseminated intravascular coagulation 0.011

    at presentation

Infection at presentation 0.003

Induction treatment protocol 0.002

Diagnosis year 2003-2013 or 2014-2021 0.350
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Recently, induction of ATRA and ATO, better di-
agnostic tools and molecular monitoring, better 
supportive care enabled better results in APL pa-
tients.10 In our study we have evaluated the patients 
in two groups according to their diagnosis year 
which are the 2003-2013 and 2014-2021 groups. 
The all parameters between the two groups were 
same except the serum lactate dehydrogenase lev-
els. According to our results, RT-PCR and CC test 
are more frequently used in 2014-2021 group. This 
indicates the laboratory diagnostic test techniques 
are improving over the time and clinician use the 
supporting laboratory test more frequently. Moreo-
ver, in our study the 2-years survival ratio is %52.5 
and 78.9% in 2003-2013 groups and 2014-2021 
groups, respectively, p= 0.069. This results indi-
cates borderline statistical significance between 
the two groups, indicating the prognosis of APL 
patients are getting better despite the high early 
mortality rates. The importance of quicker diagno-
sis and the need for a better supportive care in APL 
patients was mentioned in previous studies nearly a 
decade ago.11 The results in our study may indicate 
that better diagnostic tools and molecular monitor-
ing and better supportive care may have played a 
role in the long-term survival of APL patients in 
the last decade. Also, accumulated experience with 
APL patients may also lead to better management 
of the adverse effects of APL treatment agents, 
such as ATRA.12

In our study we have found that the white blood 
cell count, infection at presentation and induction 
treatment protocol is found to be related with early 
mortality of APL patients. In the literature the Sanz 
score is well-defined risk factor for APL.13 Simi-
larly, in our study white blood cell count 10000 or 
higher is the most important predictor of early mor-

tality with overall prediction percentage of 79.5%. 
On the other, in our study hand platelet levels are 
not found to be related with early mortality. 

In previous studies, the relation between coagulop-
athy and early death is reported in APL patients.14 
On the other hand, in a study by Silva et al. bleeding 
events were found to be the main cause of mortali-
ty before receiving chemotherapy in APL patients.6 
In our study the most frequent reason of death was 
infections however, mortality from bleeding is dis-
tinctly higher in early mortality patients. Moreo-
ver, in our patient the second most important factor 
which is related with early mortality is infection of 
patients at presentation. According to our results, if 
white blood cell count and infection status of APL 
patients are considered together there is an 84.1% 
overall prediction percentage of early mortality.

In the literature, it was stated that daunorubicin, 
idarubicin and cytosine arabinoside was the front-
line treatment of APL with a complete remission 
rate of 75% to 80% in newly diagnosed patients.10 
However, it is well-known that All-trans-retinoic 
acid as induction or maintenance treatment im-
proves disease-free and overall survival as com-
pared with chemotherapy alone.15 The PETHEMA 
group reported that combining anthracycline and 
ATRA for induction and consolidation therapy of 
newly diagnosed APL results in improved anti-leu-
kemic efficacy.16 German AMLCG groups reported 
that ATRA and intensified chemotherapy including 
high dose cytosine arabinoside reduced the relapse 
risk in high risk APL patients.17 Moreover previous 
studies reported that anthracycline-based treatment 
is at least equally effective as cytarabine-containing 
regimens for low-/intermediate-risk APL patients 
and need of cytarabine coupled to anthracyclines 
and ATRA during consolidation in the high-risk 

Table 4. Multivariate logistic regression analysis of parameters related with early mortality

Parameter Beta P value Exp (B) 95% C.I.for EXP(B)

    Lower Upper

White blood cell 10000/µL or higher -2.565 0.001 0.077 0.016 0.373

Infection at presentation -2.806 0.018 0.060 0.006 0.615

Induction treatment protocol -2.532 0.049 0.079 0.006 0.993
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group.18 According with the literature, in our study 
high risk group patients according to their Sanz 
score were given idarubisin-cytosine arabinoside-
ATRA protocol more frequently. Moreover, in our 
study, patients who have white blood cell count 
10000/µL or more were given idarubisin-cytosine 
arabinoside-ATRA protocol more frequently, also. 
In our study the third most important parameter 
that is related with early mortality was found to be 
the induction treatment protocols. The reason of 
this can be the physician choices idarubisin-cyto-
sine arabinoside-ATRA protocol to poor prognos-
tic APL patients in our study. If these white blood 
cell count, infection status and treatment choices 
of the patients considered all together, there would 
be an 88.6% overall prediction percentage of early 
mortality according to the results of our study.

Our study is limited by its retrospective design and 
the limited number of study participants. How-
ever, although it has some limitations, this study 
may reflect the recent survival improvement in the 
APL patients despite the relatively high early death 
rates.

CONCLUSION

In conclusion, the overall survival of APL patients 
is slightly improved between the years 2014-2021 
compared to 2003-2013. The reason of this im-
provement is not the reduction of early mortality in 
the APL patients. better diagnostic tools and mo-
lecular monitoring and better supportive care may 
have played a role in the improvement of the sur-
vival of APL patients. In our study we have found 
that the white blood cell count, infection at pres-
entation and induction treatment protocol is found 
to be related with early mortality of APL patients. 
In order to further improvement of the overall sur-
vival of APL patients, early mortality rates must be 
decreased. According to our study results, in order 
to control the early mortality rates of APL patients, 
rapid and efficient treatment of infections in APL 
patients look like the only modifiable parameter 
that is related with early mortality. There is a need 
for future prospective randomized trials in order to 
deal with the unmet need in APL patients which is 
the early mortality rates.
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