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Abstract

Acute promyelocytic leukemia (APL) is a unique subtype of acute myeloid leukemia
(AML), accounting for about 15% of AML cases. APL is a distinct clinical entity
characterized by a marked tendency towards coagulopathy, hemorrhage and early death, as
well as by a block in differentiation where leukemic cells are halted at the promyelocytic
stage. A characteristic balanced chromosomal translocation between chromosomes 15 and 17
t (15;17) (g24; g21) is seen in 95% of cases - the translocation results in the formation of
PML-RARa fusion protein. The introduction of retinoic acid (RA) and arsenic trioxide
(ATO) has been responsible for initially remarkable cure rates. Our retrospective-prospective
study was performed at our Clinic, from January 2004 until December 2022. Fifty-six patients
were included with demographic characteristic (male - 27, female - 29), at the age of 15 to 77
years (median range 45) with APL, according to FAB and WHO regimens for diagnosis with
confirmed molecular diagnosis. Risk stratification was done according to Sanz risk score,
WBC, PL and clinical presentation of the disease. The overall survival has shown that 30
patients (53.6%) are alive and 26 (46.4%) died. With reference to treatments, 5 patients
(8.9%) died before starting chemo-treatment. Early death was observed in 16 patients
(61.5%), and in 10 patients (38.5%) death occurred after 30 days of diagnosis. The main
reason of mortality was also analyzed. To prevent ED prior to treatment, suspected APL
patients should be immediately hospitalized, treated as medical emergency.

Keywords: acute promyelocytic leukemia, PML - RARa fusion protein, early death,
all trans retinoic acid

Introduction

Acute promyelocytic leukemia (APL) is a different subtype of acute leukemia (AL)
that is cytogenetically characterized by a balanced reciprocal translocation between
chromosomes 15 and 17, also with distinctive blast morphology, unique coagulopathy and
different biological characteristics such as hemorrhage and early death(*. APL is a rare
disease, it has become a well-recognized entity, characterized as the M3 subtype of AML
within the French-American-British (FAB) classification system, that accounts for < 10% of
all AML cases, with estimated incidence of 0.1/100,000(22. The disease is characterized by a

unique balanced reciprocal translocation t(15;17) which fuses the promyelocyte (PML) gene
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on chromosome 15 to the retinoic acid receptor alpha (RARa) gene on chromosome 17.
Variant chromosomal translocation t(11;17), t(5;17) can be detected in no more than 2% of
APL patients!*?),

In the past, APL was considered as one of the most rapidly lethal forms of AML, but
recently has come to be the most curable subtype of AL. Nevertheless, APL is still a medical
emergency because it requires prompt treatment at the first suspicion of the diagnosis.
Treatment is initiated even before cytogenetic or molecular confirmation, because of the
high-level early mortality with APL, which is mostly due to hemorrhage and disseminated
intravascular coagulation (DIC) with primary hyperfibrinolysist®l. Biologic features of APL
account for its unique phenotype providing potential targets for tailored treatment.

Flow cytometric immunophenotypic analysis can facilitate prompt diagnosis of APL.
It is well documented that CD2+, CD34+, and CD56+ phenotypes are associated with lower
overall survival (OS) rate, shorter remission, decreased incidence of remission, and increased
incidence of early death, respectively, however they are also considered as additional diagnostic
information(’®],

In aspect of the treatment development, historically APL was treated with standard AML-
directed chemotherapeutic induction regimens (CT). Treatment from the 70’s demonstrated
that APL leukemic cells were relatively sensitive to chemotherapy (CT: daunorubicin) that
yielded a complete remission (CR) rate of 55% in patients with APL. From then on, CT
composed of an anthracycline (daunorubicin, idarubicin, or others) and cytosine arabinoside
(Ara-C) was the frontline treatment of APL, and the CR rates could reach 75% to 80% in
newly diagnosed patients'®.. However, the frequently observed aggravation of bleeding syndrome
by CT, leading to high early death rate, necessitated intensive platelet and fibrinogen support.
The new tailored treatment started in the mid-1980’s when differentiating agent all-trans
retinoic acid (ATRA) was discovered, but shortly after the introduction of ATRA the need
arose for addressing retinoic acid resistance. Resistance to ATRA was partially alleviated by
the advent of arsenic trioxide (ATO), but treatment resistance still remains an issue to this
day. APL is now considered curable disease, and therefore the success of ATRA and ATO in
APL treatment furnishes the first model of molecular target-based induction of differentiation
and apoptosis. The recent results of each drug provide high CR rates (90%-94%) and high 5-
year DFS rates (90%) using ATRA/ATO/CT in low-risk APL. With the introduction of these
agents, the natural history of APL has changed, as they induce differentiation and maturation
of leukemic promyelocytes to neutrophils1%-1°],

The primary issue with APL is still early death (ED), due to coagulopathy and
secondary fibrinolysis, which is defined as early death due to any cause within 30 days after
diagnosis. Most of those deaths are caused by bleeding in CNS and infections, which result in
sepsis development, while not so often in ATRA syndrome and acute renal failure. The white
blood cells (WBCs) count before treatment is a confirmed risk stratification marker for early
death, and it is the only known independent risk factor that predicts prognosis for this disease.
Patients were stratified according to Sanz risk score into three groups (low, intermediate, and
high risk) depending on their initial white blood cell (WBC) and platelet (PL) counts!?%-22],

Conversions of 13-cis-retinoic acid and 9-cis-retinoic acid to ATRA is very rapid and
time dependent and it is important to administer fast two major doses of this agent. The
antiproliferative effect of ATRA appears only 24 hours after application and induces differentiation
and maturation of promyelocytes. Prior to ATRA therapy, ED related to hemorrhage occurred
in up to 26 to 60%. Other researchers report ED rates of 5-10%, the percentage that varies
compared to different centers. Also, the Swedish Adult Acute Leukemia Registry reported ED of
29%. The ED does not appear to have changed significantly despite routine use of ATRA[?2],
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In the process of treatment of APL with ATRA or ATO, the differentiation syndrome
(DS) represents a life-threatening complication in patients being treated with these agents; up
to 50% of patients with this treatment will develop DS. Clinically, DS is characterized by
weight gain, fever not attributable to infection, respiratory distress, cardiac involvement,
hypotension, acute renal failure, fluid retention as pleural and pericardial effusion. DS
pathogenesis is not completely understood, but it is believed that an excessive inflammatory
response is the main phenomenon involved, which results in increased production of
chemokines like interleukin 1 (Il)-1, 1l-Beta, 11-6, 11-8, TNF alfa and expression of adhesion
molecules on APL cells. Due to the high morbidity and mortality associated with DS, its
recognition, especially in high-risk patients, and the prompt initiation of the treatment is most
important. Recommended management of DS is immediate administration of corticosteroids
and disruption of the ATRA/ATO therapy. Once the syndrome has resolved, the steroids can
be discontinued26-29],

The relapse rate of APL, which with modern therapy occurs in less than 5-10%,
regardless of their risk stratification, typically occurs within the first three years of the first
complete remission and rarely later. The probability of relapse is significantly higher in high-
risk subset of patients undergoing treatment for APL.

It is no known that low/intermediate risk group patients achieve excellent outcomes
chemotherapy free ATRA/ATO based induction and consolidation protocol. Only high-risk
patients who are successfully induced with ATRA/ATO with anthracycline can be
consolidated with ATRA/ATO with the omission of chemotherapy. But still, it is unclear if
there remains any benefit of cytarabine exposure in high-risk patients, unless their CNS is
positive for disease at diagnosisr-33],

The aims of this study were to recognize the clinical features and possible risk factors
for early mortality in APL patients and to determine the overall survival and analyze the
causes of mortality of APL patients treated at the Center at the University Clinic for
Hematology in Skopje.

Material and methods

This retrospective-prospective study was performed at the University Clinic for
Hematology in Skopje, in the period from January 2004 until December 2022, and included
56 APL patients. Diagnostic criteria of APL were based on the French-American-British
classification system (FAB) and the World Health Organization Classification of Tumors-
Pathology and Genetic of Tumors of Hematopoietic and Lymphoid Tissues!2*),

Cytogenetic and flow cytometry were done whenever possible. Molecular diagnosis
was confirmed by reverse transcription-polymerase chain reaction (RT-PCR) analysis in all
patients and it was performed from bone marrow and peripheral blood. Risk stratification was
done according to Sanz risk score, which classifies patients into three groups depending on
their initial white blood cell (WBC) and platelet counts!®!:

- High risk: when the presenting WBC count >10x10%L and irrespective of platelets
counts,

- Intermediate risk: when the presenting WBC count <10x10%L and platelets <40x10%L, and

- Low risk: when patients have WBC <10x10°%L, but their platelet count is >40x10° /L.

- Also, the risk stratification was done according to the level of white blood cells (WBCs)
at the time of diagnosis?]

- High risk: WBCs >10x10°%L; Platelets <30x10°%/L

- Low risk: WBCs <10x10%L; Platelets >30x10%L

All patients were observed during the clinical presentation of the disease at diagnosis.
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The first group of patients were treated with AIDA protocol (Idarubicin 12 mg/m?/day
given as an intravenous bolus on days 2, 4, 6 and 8 and ATRA, 45 mg/m? oral doses, divided
into two daily doses which was maintained until complete remission). Cytarabine 100 mg/m?
was added in the high-risk category patients in the second group according to WBC, platelets
and clinical presentation of bleeding. Adjustment of the dosage was provided in the older-
aged patients with significant comorbidities. The third group of patients was added in the
high-risk category patients and were treated with Daunorubicin 50 mg/m? /day given as an
intravenous bolus on days 1,2, 3, Cytarabine 100 mg/m? for 7 consecutive days and ATRA. The
fourth group of patients were treated with ATRA and ATO 0.15 mg/kg daily 5 days for 4
weeks every 8 weeks. In the group with high risk, 3 patients were treated with FLT3 inhibitors,
Sorafenib in an oral form. The last group of two patients received only ATRA for two days.
Supported treatment with platelet transfusions, fresh frozen plasma and cryoprecipitate was
applied in all patients.

Our study was approved by the Ethics Committee at the University Clinic for
Hematology. Written informed consent was obtained from all patients before starting the
study. All historical data were taken from patients’ record database at the University Clinic
for Hematology.

Statistical analysis
Statistical analysis was performed using the SPSS software, version 22. The Kaplan-
Mayer survival curves were plotted for the three risk categories.

Results

A total of 56 patients were involved in the study between January 2004 and December
2022.

Patients’ characteristics were: 29 females (51.8%) and 27 males (48.2%), with median
age of 45 years, ranging from 15-77 years. Patients were divided in two groups: under the age
of 55 (43 patients,76.8%) and above the age of 55 (13 patients, 23.2%). Over two third were
young adults. (In our Center) In the period from 2010 to 2022 593 patients were diagnosed
with acute myeloblastic leukemia (AML). APL was observed in 44 (7.4%) patients, which
correlated with other centers.

Of the total number of APL patients, at the end of study period, the overall survival
has shown that 30 patients (53.6%) are alive and 26 (46.4%) died (Figure 1).

26; 46%

30; 54%

m Alive mDead
Fig. 1. Outcome of treated patients with APL
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During treatments in all 56 patients, five patients (8.9%) passed away before starting
the management plan and chemotherapy treatment. They were treated only for coagulopathy
with platelet transfusions and cryoprecipitate and fresh frozen plasma (FFP). Therefore, 51
patients (91.1%) received different initial induction therapy (Figure 2).

m1n° of treated patients (regimen)

mn° of untreated patients (w/o regimen)

Fig. 2. Diagnosed patients with APL in the period 2004 - 2022

AIDA protocol was applied in 28 patients i.e. (54.9%), the second group of 13 patients
(25.5%) was treated with AIDA protocol and Cytarabine, the third group of 5 patients (9.8%)
was treated with Daunorubicin, Cytarabine and ATRA, 2 patients (3.9%) were treated with
ATRA and ATO, 2 patients (3.9%) were treated with ATRA, only 1 patient (2.0%) was treated
initially with AIDA and Cytarabine and she received CR, but during relapse she was treated
with ATRA plus ATO (Figure 3).

m AIDA m AIDA + Cytarabine
DA + ATRA ATRA + ATO
mATRA m AIDA + Cytarabine +ATO

Fig. 3. First line treatment of APL patients in the period 2004 - 2022

Complete remission (CR) after treatment was observed in 37 patients (66.1%), 2
patients (3.6%) had refractory disease (RD) while 17 patients (30.4%) died during diagnosis,
induction and consolidation treatment without achieving any response (Figure 4).

Of the patients who achieved CR, 7 patients (18.9%) developed relapse of the disease
later, 5 of them (13.5%) died and 2 (5.4%) are still in second remission (Figure 5)..
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In the CR group of patients, 18 patients (48.6%) were treated initially with AIDA and
2 patients (5.4%) with ATRA and ATO, 9 patients (24.3%) were treated with AIDA and
Cytarabine and 5 of them (13.5%) with Daunorubicin, Cytarabine and ATRA. From these
high-risk group, 3 patients (8.1%) had FLT3 mutation and were also treated with FLT3
inhibitors.

B CR (Complete remission)
B RD (Refractory disease)
I Died during the diagnosis, induction and consolidation therapy

Fig. 4. Outcome of patients treated with different regimens

30; 81%

mRelapse occurance = Complete remision

Fig. 5. Relapse occurrence in patients with CR

Death occurred in 26 patients, among them early death (ED) was observed in 16
patients (61.5%), and in 10 patients (38.5%) death occurred after 30 days of diagnosis.

The main reasons for mortality in the group of early death were also analyzed. They
included bleeding in CNS (8 patients, 50%), infections (5 patients, 31.3%), ATRA syndrome
(1 patient, 6.3%), 1 patient (6.3%) with respiratory failure and 1 patient (6.3%) with acute
renal failure (Figure 6).

Regarding the time of death, in the ED group 5 patients (31.3%) died prior to
treatment and 11 patients during the induction period (68.7%). Regarding the time of death
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after 30 days, 5 patients passed away from relapse of the disease, 4 of them with bleeding in
CNS and 1 from infection.

mBleeding in CNS  mInfections u ATRA Syndrome

Respiratory failure = Acute renal failure

Fig. 6. Causes of early death (<30 days)

Two patients died as a result of refractory disease and 2 patients died during
consolidation phase with infection. One patient died from different disease; he had new
infection with Leishmania donovani. He developed sepsis which was not in correlation with
basic disease APL (Figure 7).

1; 10%
2; 20%

B As a result of relapse
il As aresult of RD - Refractory disease
& During consolidation

Exitus letalis from different disease

Fig. 7. Causes of death in patients (> 30 days)

Sixteen patients died earlier than 30 days; the factors found to be significantly
associated with early death were Sanz risk score, level of WBC, level of platelets, clinical
presentation of coagulopathy like massive bleeding and onset of infections (Figures 8a, 8b,
8c, 8d). The more risk score, the higher the rate of early death; 5 (31.1%) patients were with
intermediate Sanz score, 9 patients (56.3%) with high risk, and 2 patients (12.5%) were with
low risk. The ED rate was higher in high-risk group for WBC>10 x 10%L: 9 patients (56.3%)
compared to 7 patients with low risk (43.8%). In regards to platelet count, high risk was

152



Krstevska Balkanov S. et al. How we treated acute promyelocytic leukemia

observed in 11 patients (68.8%) and low risk in 5 patients (31.3%). All patients had bleeding
and it was the major cause of death.

ELowrisk ®High risk ®Intermediate risk

Fig. 8a. Rate of early death by Sanz Score

10; 62%

mAge <55 mAge>55

Fig. 8b. Rate of early death by age

B Lowrisk <10 x 109/L

Fig. 8c. Rate of early death by level of WBCs
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ELowrisk>30x 109/L

Fig. 8d. Rate of early death by level of platelets

The overall survival in APL patients in the 19-year period showed that 52% of APL
patients survived, while death was noted in 47.8% of patients. 45% of patients survived more
than 4000 days (death outcome was noted in the first 30 days, 25% survived only 12 days).
The average survival time in the 19-year observation period was 1479 days with the most
common cause of death being the nature of the disease itself (Figure 9).

100

90=
80—
70
60=
50=

40
30

Probability of Survival

20
10—

0 T T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000 8000

days post treatment

Fig. 9. OS in APL patients in the period 2004 - 2022

Of the total number of treated patients, there were 61% < 55 years and 29% > 55
years with an average survival time of 200 days (in both groups the mortality rate was higher
in the first days of diagnosis, and was 34.2% in both groups). The median survival time in
patients <55 years was 2535 days, and the median survival time in patients >55 years was
826 days. There was a statistically significant difference (p= 0.0051 Hazard ratio 0.3422 95%
Cl of ratio 0.1249 to 0.9376) (Figure 10).
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Fig. 10. Plot of overall survival time in APL patients by age (over and under 55 years)

31% of patients with PLT <30x 109/l survived more than 1000 days compared to 62%
of patients with PLT>30x 109/l. Mortality was highest in the first 30 days, 35% of both
groups died after the start of treatment. Patients with PLT <30x109/l had a median survival
time of 558 days, while PLT >30x109/l had a median survival time of 2133 days. (p=0.1535;
Hazard ratio 0.5588; 95% CI of ratio 0.2133 to 1.464) (Figure 11).

100=
90=
80=
70

60=

— PIt <30x10(9)/L

50 — PIt<30x10(9)IL
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0 1000 2000 3000 4000 5000 6000 7000 8000

days post treatment

Fig. 11. Plot of overall survival in APL patients in relation to platelet values

62% of patients with high Sanz risk survived more than 1000 days, 41% with
intermediate risk survived more than 4000 days, 61% with low risk survived more than 4000
days. On average, patients with low Sanz score risk survived 3180 days, with intermediate
1589 days, with high risk 720 days. Statistical significance was p=0.0178 (Figure 12).
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Fig. 12. Overall survival in APL patients according to Sanz risk score

55% of patients with WBC<10x 109/I survived more than 4000 days, and only 36%
of patients with WBC<10x 109/I1. In both groups, the death rate was higher in the first days,
47% in the first group and 20% in the second group. These clinical findings have confirmed
the value of elevated WBC as an independent prognostic risk factor for early mortality
(P=0.0068; 95% CI of ratio 0.1863 to 1.101; Hazard Ratio (logrank) 0.4530) (Figure 13).
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Fig. 13. Plot of overall survival in APL patients in relation to white blood cell values

Discussion

An impressive improvement has been acknowledged in the outcomes of treatments of
APL patients, but however the challenges are still existing in the registry-based studies in the
real world. In large population-based analyses, and among patients treated in single institutions,
the rate of mortality is even higher and can range from 9.6% to 61.5%. Our observations
correlate with the literature data, the mortality rate is 47.8% of all APL patients. As noted
above, most ED is attributable to bleeding and represents the biggest obstacle to cure APL.
The rates of ED remain substantial to this day, especially for patients treated outside of a
clinical trial, so any knowledge gained into the determinations of hemorrhagic episodes
during induction for APL can potentially result in significant improvements of long-term
survival for this diseasel**3¢],
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Our study indicate that early mortality is currently an underestimated phenomenon.
There is an ongoing need to decrease the early death rate (within the first 30 days from
diagnosis), which is still the primary cause of treatment failure rather than the resistant disease
that is so common for all other subtypes of AML®’], Large clinical trials have reported an early
death rate of 3-10%%%31 This study has shown that Sanz score, high number of white
blood cells, low number of platelets, initial clinical presentation of bleeding, DIC, infections,
delayed treatment at time of diagnosis are predictors for early death. An explanation for this
challenge of early death is the rarity of APL coupled with the fact that the majority of APL
patients in some countries are treated outside clinical trials and in smaller centers.

We report ED (61.5%) in our patients, which is high; it could be probably due to a
delayed supportive treatment, late visit to a doctor and appropriate medical experience care.
In some case we delayed administration of ATRA, because we did not confirm molecular
analysis.

Some studies have identified prognostic factors that are capable of predicting early
deaths.

Regarding the causes of death, in our study the main cause was hemorrhage in CNS,
and the second cause were infections. These findings correlate with other studies which
showed hemorrhage as the main cause of death!#%-42],

Some small center reports the infections as main cause of death, where late presentation
to the hospital, delayed treatment, absence of isolation rooms in a hospital, lack of accurate
microbial cultures, inability of patients to afford expensive drugs like antifungals are given as
potential explanations for the high percentage of infections. Limitation of our study is the fact
that not all patients with APL have completed induction chemotherapy protocol. During
induction, there were 8 patients with early death and two patients during induction and
consolidation who died later. Since there was a lack of more aggressive supportive measures
and addition of ATO to the induction regimen, the patients with high risk of early death were
not treated appropriately. The OS was generally decreased, but was longer in patients that had
low Sanz score than in patients who had high Sanz score. High levels of WBC and low levels
of PL were shown to be main risk factors for death outcome.

Conclusion

Mutation-targeted therapy has transformed the treatment of APL, and most deaths
now occur not from failure to induce or maintain complete remission, but rather from early
death-related mortality which depends on the basic disease. To prevent ED prior to treatment,
patients with suspected APL should be immediately hospitalized and prioritized as medical
emergency, especially high-risk patients. That is the most important approach to patients with
APL, even if the diagnosis is not sure, especially in cases when we do not confirm the
molecular PML-RARa fusion. Almost all cases of fatal hemorrhage occur in the first month
of APL therapy, with over half occurring within the first week of treatment.

In this kind of situation, aggressive prophylactic transfusion is necessary to maintain
high platelet more than 30000-50000/uL and cryoprecipitate or fresh frozen plasma to
maintain the fibrinogen concentration above 100-150 mg/dl. This approach could reduce
bleeding complications which is the main reason for ED. Induction treatment should be
started as soon as possible, treatment with ATRA should be started immediately even a
diagnosis of APL is still only suspected for APL. Furthermore, there is minimal to no harm if
ATRA is given for misdiagnosed APL, but a great potential benefit if diagnosis is confirmed.

These elements should be considered at our Center in order to improve the overall
survival and consequently to decrease the early death rates, which is the greatest challenge
for the future treatment of APL. High-risk patients with APL and those with relapsed disease
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will be another challenge in the story of the evolution of APL treatment. However, further
progress is needed, most urgently in reduction of induction mortality and ED.
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