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Introduction. Acute promyelocytic leukemia 
(APL) is a distinct subtype of acute myeloid 

leukemia (AML) which is classified as M3 by 

French-American-British (FAB) Cooperative 

group.1 The incidence of APL among the AML 

cases in children and adolescents vary from 2% in 

Switzerland to >50% in Nicaragua.2 However, APL 

incidence among eastern Mediterranean countries is 
not well documented. A multicenter study from 

Lebanon reported 25% APL cases among AML 

patients.3 In Turkey, a study
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Abstract. Background and objectives: Acute promyelocytic leukemia (APL), is a distinct subtype 

of acute myeloid leukemia (AML) characterized by a tendency to hemorrhage and excellent 

response to all-trans retinoic acid (ATRA). In this retrospective study, we aimed to determine the 

incidence, clinical symptoms, toxicities, and outcome of children with APL in our center. Methods: 

We retrospectively reviewed the medical records of children (age < 18 years) diagnosed with APL 

in our pediatric hematology department between January 2006-December 2016. 

Results: Pediatric APL represents 20.5% of AML cases in this cohort. Most of the cases presented 

as classical M3, albeit hypogranular variant was described in 12% of the cohort. Patients with 

hypogranular variant APL were differed from classical APL by co-expression of CD2 and CD34. 

About ¾ of APL patients had hemorrhagic findings at admission or the induction treatment. 

Severe bleeding manifested as intracranial hemorrhage was present in three patients and 

intracranial arterial thrombosis was present in one. Six patients showed side effects of ATRA such 

as pseudotumor cerebri, differentiation syndrome resulting in dilated cardiomyopathy, and 

pulmonary infiltrates. Five-year overall survival (OS) and early death rate were found to be 82.5% 

and 12% respectively. 

Conclusions: A high frequency (20.5%) of APL was noted among children with AML in this single-

center study. The overall mortality rate was 17.5%. Since the induction death rate was 12% and 

life-threatening bleeding was the primary problem, awareness and urgent treatment are critical 

factors to reduce early losses. 
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disclosed an incidence of APL as 8.8% among 34 

AML patients at childhood.4 

Acute promyelocytic leukemia is characterized 

by the presence of reciprocal translocation between 
chromosomes 15 and 17 [t(15;17); promyelocytic 

leukemia gene (PML) - retinoic acid receptor gene 

alpha (RARA) fusion].5,6 In addition to PML, rare 
partner genes such as nucleophosmin (NPM1; 

5q35), nuclear mitotic apparatus protein 1 

(NUMA1; 11q13), promyelocytic leukemia zinc 
finger (PLZF; 11q23), and signal transducer and 

activator of transcription (STAT) 5β (STAT5b; 

17q21) have been defined.7 PML-RARA fusion 
protein impairs differentiation of the myeloid 

progenitor cells and leads to arrested maturation at 
the promyelocytic stage. By binding to the PML-

RARA fusion protein, ATRA induces 
differentiation of leukemic cells into mature 

granulocytes and ultimately apoptosis.8,9 

Coagulopathy and signs of clinical hemorrhage or 
thrombotic complications and an excellent response 

to all-trans retinoic acid (ATRA) are distinctive 

features of APL.10 Anthracycline-based 
chemotherapy and ATRA combination are curative 

for at least 80% of newly diagnosed APL 

patients.10,11,12 Arsenic trioxide (ATO) initially was 

introduced into the treatment of relapsed APL. 
Subsequently, it was used as first-line APL therapy, 

which can achieve remission rates of 86%.13,14,15
 

Here, we report clinical, and laboratory 

findings, toxicities of ATRA treatment and 

outcome of APL patients, followed in our 

department. 

 

Materials and Methods. We retrospectively 

reviewed the medical records of children (age < 18 

years) diagnosed with AML in our pediatric 

hematology department between January 2006- 

December 2016. Demographic, clinical, and 

laboratory data (hematological and biochemical 

findings; bone marrow morphology, immune 

phenotype, chromosomal and cytogenetic analysis; 

radiologic and echocardiographic findings), 

chemotherapy protocols, toxicities and the 

prognosis of the children were recorded for all APL 

patients. Morphologic diagnosis of APL was based 

on FAB criteria.1Leukemic cells were analyzed by 

flow cytometry, and the diagnosis was confirmed 

by the presence of t(15;17) with fluorescence in situ 

hybridization (FISH) analysis. Patients were treated 

according to APL-93 trial, 

GIMEMA-AIEOP AIDA between 2006-2010 and 

AML-BFM Interim 2004 therapy protocol between 

2011-2016.11,16,17 ATRA courses were used in all 

protocols with a dose of 25 to 45 mg/m2/d from the 

induction to during with maintenance treatment. 
Maintenance treatment was planned for 1 to 2 years 

in AML-BFM 2004, APL-93 and AIDA protocols. 

However, none of the regimens included ATO. 
Complete remission was defined according to the 

report of the National Cancer Institute workshop 

criteria.18 Cytogenetic remission using FISH 
analysis was defined as the disappearance of the 

t(15;17). Early death was defined as the death of 

any cause within 30 days of admission.19 The 
overall survival (OS) was calculated from the date 

of diagnosis to death of any cause or last follow-up. 
ATRA related adverse effects such as fever, weight 

gain, dyspnea, interstitial pulmonary infiltrate, 
hypotension, renal insufficiency, and 

hyperbilirubinemia was also recorded as 

differentiation syndrome (DS) which was defined 

according to Frankel et al.20
 

 

Statistical analysis. Statistical analysis was 

performed by using Statistical Package for the 

Social Sciences for Windows (SPSS) version 18.0 

(SPSS Inc., South Wacker Drive, Chicago, IL, 

USA). The variables were investigated using visual 

and analytical methods (Kolmogorov- 

Smirnov/Shapiro-Wilk's test) to determine whether 

or not they are normally distributed. Descriptive 

analyses were presented using means and standard 

deviations for normally distributed and median  and 

minimum-maximum for non-normally distributed 

variables. The overall survivals of APL patients 

were calculated using the Kaplan–Meier methods 

and the log-rank test. 

 

Results. Between January 2006 - December 2016, 

83 children diagnosed with AML at our center. 

Among them, 17 patients (20.5%) with newly 

diagnosed APL were included in the study. Eight 

girls and nine boys [median age 13.5 years (range 

1.5-17)] were included in the study. Pretreatment 

laboratory findings and detailed characteristics of 

the patients are reported in Table 1 and Table 2. 

Bleeding (76.5%), fever (58.8%), and fatigue 

(47%) were the most common presenting signs and 

symptoms. Bone pain and a headache were seen in 

four and three patients. Bleeding was cutaneous  in  

6,  and  mucosal  (e.g.,  wet purpura, 
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Table 1. Pretreatment laboratory characteristics of the patients 
 

Complete blood counts Median Range 

Hemoglobin, g/dL 

WBC, x103/µL 

High-risk+ n= (%) 

Low-intermediate-risk+ n= (%) 

Platelet, x103/µL 
Circulating blasts*, % 

8.7 

4 

4 (23.5) 

13 (76.5) 

21 
38 

4.7-13.4 

1-23.1 

 
 

4-209 
0-100% 

Fibrinogen level, g/L 149.5 73-505 

+ Patients with Sanz high risk (WBC >/= 10 x103/µ) versus low-intermediate risk (WBC <10 x103/µL). *Data missing for 4 patients. 

 

Table 2. Detailed data of the patients. 
 

Patient 

no 

Age 

(year) 

 

Sex 

 

Diagnosis 

WBC 

(x  

103/µL) 

PB 

blast 

(%) 

Treatment 

protocol 

 

ATRA toxicity 

 

Complications 

Follow- 

up 

(month) 

 

Outcome 

1 8.5 F M3v 10.8 76 
AML BFM 

2004 
PTC 

 
62 Alive 

 

2* 
 

9 
 

F 
 

M3 
 

23.1 
 

100 
 

APL-93 

DS (Pancarditis, 

dilated 
cardiomyopathy) 

  

101 
 

Alive 

3 3.2 M M3 1.7 N/A AIDA PTC  91 Alive 

4 15 M M3 2.8 100 APL-93 
 Retinal 

hemorrhage 
105 Alive 

5 17 M M3 5.6 12 
AML BFM 

2004 
 None 32 Alive 

6 6 F M3v 7.8 56 AIDA  None 103 Alive 

7 13.5 M M3 7.3 22 AIDA  None 105 Alive 

8 14 M M3 3.6 60 AIDA 
DS (Pulmonary 

infiltrates) 

Cholecystitis – 

Pancreatitis 
25 Alive 

9 1.5 M M3 11.2 14 
AML BFM 

2004 
 

None 69 Alive 

10 10 M M3 1 0 AIDA  None 106 Alive 

11 16 F M3 1 N/A AIDA  None 97 Alive 

 

12 
 

14 
 

M 
 

M3 
 

1.8 
 

10 
 

AIDA 
 

DS 

ICH, ARF, 

pulmonary 

edema 

 

11 days 
Died, 

ICH 

13 14 F M3 2.7 50 
AML BFM 

2004 
PTC ICH 46 Alive 

14 6 F M3 10.9 100 
AML BFM 

2004 
 

None 47 Alive 

15 7.5 M M3 4 N/A 
AML BFM 

2004 
 Left MCA 

thrombosis 
20 Alive 

16 15.3 F M3 2.6 58 
AML BFM 

2004 
 

ICH 4 days 
Died, 

ICH 

17* 14 F M3 2.3 N/A AIDA 
 

ARF + Sepsis 4 
Died, 

Sepsis 

ARF=Acute renal failure; ATRA=All-trans retinoic acid; DS=Differentiation syndrome; ICH=Intracranial hemorrhage; MCA=Middle 

cerebral artery; N/A=Not available; PB=Peripheral blast; PTC=Pseudotumor cerebri;*Published before. 
 

epistaxis, and gingival bleeding) in 7 patients. 

Furthermore, hematuria, hemoptysis, and retinal 
hemorrhage were presented, each in one patient. 

Intracranial hemorrhage (ICH) was demonstrated in 

three patients; one of them at admission and two 

others were during 11th and 23rd days of induction 
treatment. The patient who had ICH demonstrated 

23rd days of induction had coagulopathy at 

admission that recovered with ATRA treatment. 
Unfortunately, subacute/chronic subdural 

hematoma with midline shift was revealed while 

she had a neutropenic fever period with 

thrombocytopenia. One patient who initially 
diagnosed with left middle cerebral artery 

thrombosis, diagnosed with APL on the 5th day of 

admission. Organomegaly was present in seven 

(41%) patients, including splenomegaly in five  and 
hepatomegaly in five patients. Additionally, 

lymphadenopathy or central nervous involvement 
detected in one patient each. 

Median hemoglobin, white blood cell (WBC) and 

platelet counts were summarized in Table 1. 
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Patients reclassified with Sanz high-risk (WBC ≥ 

10 x103/µL) versus low-intermediate-risk (WBC 

<10 x103/µL) in Table 1.21 Peripheral blasts were 

presented in 16 (94%) of 17 patients at admission. 

Fourteen patients (82%) had coagulopathy 

(increased PT, aPTT, and decreased fibrinogen 

levels). D-dimer levels were elevated in the 11 of 

the 15 patient. 

Fifteen patients (88%) had classical FAB M3 

type blasts at bone marrow morphology; two 

patients  (12%) had  M3v blasts which  was 

estimated by morphology and then confirmed by 

flow cytometric findings. Blasts of 15  patients who

 had classical hypergranular  APL were 

positive for CD117, CD13, CD33 markers. Out of 

15, three patients’ blasts were positive for CD34 

and/or HLA DR. But, flow cytometric analysis of 

2 patients with M3v APL differed from classical 

APL by co-expression of CD2 and CD34 in 

addition to CD117, CD13. Meanwhile, CD2 

expression was present at a low level (24%) in only 

one patient with classical M3. All of the patients 

had t(15;17) by FISH analysis, and three patients 

(18%) had hypodiploid karyotype as well. Fifteen    

patients     (88%)       achieved complete 

remission. Mean   morphologic remission   and 

complete cytogenetic remission intervals were 

30.4 ± 9.1 days (15-45 days) and 51.7 ± 19.6 days 

(26-98 days), respectively. There were no relapses 

during the entire follow-up period through June 

2017 (follow-up range: 10-106 months). Two 

patients died at the induction before hematological 

response achieved. The induction death rate and the 

overall mortality were 12% and 17.5%, 

respectively. One of them, a 15-year old girl who 

admitted in a coma with massive ICH. Her history 

revealed that she had been followed 72 hours in a 

local hospital before diagnosis. Unfortunately, 

despite ATRA and supportive treatment, she died 

at day 4 of admission to our hospital. We suggested 

that delay in the ATRA treatment that caused ICH 

was the main cause of death. Another patient, a 14-

year old boy died due to acute renal failure, 

pulmonary edema, and ICH at day 11 of induction 

treatment. Though DS was suggested, sepsis and 

DIC were the additional causative factors that 

ultimately caused death. Additionally, a 14-year-

old girl died due to sepsis four months after the 

diagnosis. After excluding these three patients, 

median follow up period of the patients was 69 

months (range 10 – 106). Estimated 5-year 

overall  survival rate was 82.5 ± 9.1 (95 CI: 64.7 – 

100.4). 

Several complications were detected during 

APL treatment (Table 2). Three patients (18%) 

developed pseudotumor cerebri (PTC); one of them 

diagnosed at the fifth month, at the early phase of 

maintenance therapy. She treated with topiramate 

and repeated lumbar punctures. The second patient 

developed PTC 10 months after APL diagnosis 

while receiving maintenance treatment. He was 

treated with acetazolamide and serial lumbar 

punctures. The last patient developed PTC 45 days 

after diagnosis of APL and treated with 

acetazolamide, serial lumbar punctures, and 

dexamethasone. A 14-y-old boy developed 

pulmonary infiltrates, tinnitus and hypotension on 

the sixth day of induction treatment, diagnosed with 

DS, responded to dexamethasone. Additionally, he 

suffered from cholecystitis and pancreatitis at the 

second month of APL treatment. A previously 

described 9-year old girl from our department who 

developed endocarditis and myocarditis at the 

induction of the APL treatment, recovered after 

cessation of ATRA who has been reported 

elsewhere.22 However,  readministration of ATRA 

at the maintenance therapy caused pancarditis and 

severe pulmonary edema that might have been part 

of DS, which recovered with corticosteroids 

treatment and discontinuation of ATRA. 

Unfortunately, she developed dilated 

cardiomyopathy and still ongoing with digitalis 

treatment. The clinical picture strongly suggested 

the ATRA treatment as the causative factor even if 

anthracyclines were an additional risk factor. 

Febrile neutropenia has been observed during 

induction treatment in 15 patients  (88%), including 

septicemia and typhilitis. Median febrile 

neutropenia attack rate was 3.5 (range 1-7) during 

the treatment period. 
 

Discussion. Pediatric APL represents 20.5% of 

AML cases in our cohort. Even if our center is a 

reference hospital in Ankara, this high incidence of 

APL needs to be confirmed in larger pediatric series 

among Turkey. Early diagnosis and immediate 

treatment with ATRA may reduce hemorrhagic 

complications that lead to early morbidity and 

mortality, and significant concern is discrimination 

of APL from other subtypes of AML. In our 

patients whose presenting, symptoms are bleeding 

and/or coagulopathy, expeditious 

immunophenotypic   analysis  to  exclude  M3   or 
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M3v is performed. We started ATRA as soon as 

possible, although two patients experienced ICH 

after the first week of ATRA. Unfortunately, delays 
in diagnosis contributed to mortality in one of the 

patient. However, favorable response to ATRA has 
been achieved in the rest of the patients. 

Morphology and immunophenotypic analysis are 
still essential tools for rapid recognition of APL. 

Most of our APL cases presented as hypergranular 
or classical M3, albeit morphological hypogranular 

or microgranular variant type, M3v, was also 

described in 2 patients (12%). Hypogranular variant 
type accounts for 15- 20% of APL cases which is 

characterized by promyelocytes with bilobed-
multilobed or angel wing shaped nucleus look as if 

monoblastic leukemia.8,23 On both occasions, 

identification of the cytogenetic abnormality, 
t(15;17) or PML/RARA translocation has utmost 

importance. M3v morphology is not diagnostic; 
however, co- expression of CD2 and CD34 markers 

are remarkable and useful for early diagnosis.24,25 

The absence of HLA-DR, low expression or 
absence of CD34, and positivity for CD13 and/or 

CD33 markers has been reported on both forms.24,25 

In our cohort, fifteen patients (88%) expressed 
CD117, CD13, CD33 markers. They did not 

express CD34 and/or HLA-DR except for three 

cases (17.5%) who diagnosed with APL ultimately. 
Two patients with hypogranular variant were 

differed from classical APL by co-expression of 
CD2 and CD34 (100%) in this study. 

APL cases were frequently presented with 

consumptive coagulopathy that may cause life- 

threatening         hemorrhages.26 Furthermore, 
thrombotic complications may also be seen 

infrequently.26 About ¾ of our APL patients had 

hemorrhagic findings at admission or induction 
treatment. Severe bleeding manifested as 

intracranial hemorrhage was present in three 
patients. One of them admitted with severe ICH, but 

we demonstrated ICH in two patients after the first 

week of ATRA treatment. The other patient who 
had bleeding on day 11 of induction, had been 

diagnosed with sepsis and DIC, and also possible 
DS. Patients with ICH has been supported with 

aggressive platelet and fibrinogen replacement 
along with ATRA therapy guided by numerous 

coagulation studies. ATRA has dramatically 
enhanced survival rates and diminished relapse 

rates in APL patients. In the present study, five-

year overall survival (OS) and 

early death rate were found to be 82.5% and 12%, 
respectively. ATRA resistance and relapse were not 
observed in any patient. Our results were 
comparable to those obtained in population-based 

studies and also to early death rates for APL.27,28 

Nevertheless, Abla et al.19 reported the incidence of 
early death as 4.7%, recently. 

High WBC, high peripheral blast count, M3v 
and black ethnicity were independent predictors of 

early hemorrhagic death in several studies.19,29 

However, our patients who died due to early ICH 

had low WBC counts (1.8 and 2.6 x103/µL), and 
their peripheral blast percentages were also low (10 

and 58%, Table 2). Hypogranular APL patients of 
our cohort did not have severe hemorrhagic 

complications. The patients who relieved from 
early hemorrhagic complications have an excellent 

OS after ATRA era, as is our patients. 

In our study, mean morphologic and cytogenetic 

remission by FISH analysis has been obtained at 

days 30.4 (15-45 days) and 51.7 (26-98 days), 

respectively. One may speculate that mean 

cytogenetic remission times were early because the 

FISH analysis is not sensitive to polymerase chain 

reaction (PCR) based methods to detect 

PML/RARA. We were not able to analyze 

PML/RARA translocation during treatment for all 

patients. Zhou et al.14 reported that PML/RARA 

disappeared within 3 to 9 months after complete 

hematological response using PCR. 

Although excellent remission rates, different 
from other AML types, might be attributable to 

ATRA, six patients in this study have experienced 
severe side effects such as PTC, pancarditis, and 

pulmonary infiltrates. Two patients suffered from 

DS while they were receiving AIDA protocol, but 
no DS was seen with AML BFM 2004 protocol. 

Otherwise, there was no difference in toxicity (e.g., 
heart) and efficacy between these protocols in this 

study. Pseudotumor cerebri incidence was reported 

to be 1.7 - 16% in patients on ATRA therapy.30,31 In 
our study, PTC incidence was 17.6%, but clear 

definitions and incidence of this complication were 

not established. Botton et al.31 recommended lower 

ATRA (25mg/m2) doses to avoid from PTC. In 
contrast to that study, our patients were receiving 

low dose ATRA (25mg/m2) courses when they 

developed PTC. 

Conclusions. A high frequency (20.5%) of APL 

was noted among children with AML in this
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single-center study. The overall mortality rate was 

17.5%. Since the induction death rate was 12% and 

life-threatening bleeding was the primary 

problem,   awareness   and   urgent   treatment   are 

critical factors to reduce early losses.
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