
105

review article

Hematology in Clinical Practice
2021, vol. 12, no. 3–4, 105–120
DOI: 10.5603/HCP.a2021.0009
Copyright © 2021 Via Medica

ISSN 2720–1015
e-ISSN 2720–2690

https://journals.viamedica.pl/hematology_in_clinical_practice

Address for correspondence: Krzysztof Lewandowski, Katedra i Klinika Hematologii i Transplantacji Szpiku,  
Uniwersytet Medyczny im. Karola Marcinkowskiego w Poznaniu, ul. Szamarzewskiego 84, 60–569 Poznań, Poland,  
e-mail: krzysztof.lewandowski@skpp.edu.pl
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Acute promyelocytic leukemia: from genetic lesions 
identification to molecularly targeted therapy
Marcelina Majka, Paweł R. Bednarek, Matylda Nowicki, Jagoda Chełmikowska,  

Krystian Kaczmarek, Eliza Kędzierska, Krzysztof Lewandowski

Department of Hematology and Bone Marrow Transplantation, Medical Faculty, Poznan University  
of Medical Sciences, Poznan, Poland

Abstract
Acute promyelocytic leukemia (APL) differs from other types of acute myeloid leukemia both in 
terms of the spectrum of clinical symptoms, as well as cytogenetic and molecular background. Fast 
diagnosis of APL enables highly effective targeted therapy initiation and avoiding of serious organ/ 
/tissue damage (including fatal bleeding into the central nervous system). In the initial diagnostic 
process the most important is the rapid identification of the presence of specific cytogenetic and 
molecular changes involving the retinoic acid receptor alpha (RARA) gene located on the 17q21 
chromosome. In patients with APL, alongside the most commonly observed translocation t(15;17)
(q24;q21) leading to the formation of the PML-RARA fusion, several dozen variant cases have 
also been identified as a result of other translocations involving RARA gene with different clinical 
symptomatology and variable sensitivity to the targeted therapy with all-trans retinoic acid and 
arsenic trioxide. The paper presents the recent data concerning the epidemiology, symptomatology 
and accurate diagnostics methods useful for early identification of APL and immediate initiation 
of the molecularly targeted therapy
Key words: acute promyelocytic leukemia, epidemiology, clinical manifestation, laboratory 
changes, karyotype anomalies, molecular defects, targeted therapy, all-trans retinoic acid,  
arsenic trioxide, measurable residual disease, epidemiology, prognosis
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Introduction

In the last few years, significant progress has 
been made in understanding the mechanisms of 
leukemic transformation of hematopoietic stem 
cells (HSC). It has been shown that this is a step-
wise process, leading to transformation of HSC 
to the leukemic stem cells (LSCs), as well as the 
disruption of the mechanisms of normal hemat-
opoiesis. The aforementioned changes resulted in 
increasing peripheral blood cytopenia, leading to an 
increased risk of severe infections due to granulo-
cytopenia, bleeding complications due to thrombo-

cytopenia/coagulopathy and changes related to in-
filtration by leukemic cells of other organs [1]. The 
mechanism of transformation is different for each 
cytogenetic-molecular subtype of acute myeloid 
leukemia (AML). However, it is known that AML 
cells exhibit features of a hierarchical organization 
with the presence of a different sub-populations 
of the unmaturated cells corresponding to LSCs. 
For this reason, in most cases of AML there is  
a phenotypic and molecular diversity of individual 
subpopulations of leukemic cells [2]. One of the 
best-known types of AML is acute promyelocytic 
leukemia (APL) in which the primary mechanism 
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of leukemic transformation is reciprocal, balanced 
translocation, involving the retinoic acid receptor 
alpha subunit (RARA) gene located on chromosome 
17. The most common partner gene for RARA is 
the acute promyelocytic leukemia protein (PML) 
gene located on chromosome 15. The result of 
this translocation is the formation of PML-RARA 
fusion, leading to the inhibition of transcription of 
RAR target genes and disruption of the function of 
the PML gene as the regulator of homeostasis and 
tumor growth suppressor [3].

Epidemiology of APL
The incidence of APL varies with the age of 

patients and geographic region [4]. In the pediatric 
population, the prevalence of APL as a subtype 
of AML varies between countries. A detailed 
summary of the incidence of APL is presented in 
Table 1 [5–7]. So far, the reason for such significant 
differences in the frequency of APL in children in 
individual countries, as compared to all forms of 
AML, has not been established (Table 1).

In adults, AML account for 70–80% of all leu-
kemias. Approximately 10% of all AML are APL 
cases [6, 7].

Influence of race and ethnicity  
on the incidence of APL

The influence of race and ethnicity on the 
incidence of APL is under discussion. There are 
observed differences in incidence between popula-
tions, but there is no clear evidence that one race 
is more likely to suffer from APL than another. In 
Canada, the incidence (expressed by the incidence 

rate, IR) of APL is extremely low. The IR of this 
form of AML is only 0.083/100,000 inhabitants 
per year. It is not known why the IR is so low. In 
Canada, healthcare is easily accessible in large ag-
glomeration centers and all new cases of APL are 
accurately reported. Therefore, it is not possible 
that the incidence is underrated [8].

The IR of APL in the United States is higher 
than in Europe (0.22/100,000 inhabitants per year 
vs. 0.12/100,000 inhabitants per year, respectively) 
[9, 10]. The IR values for individual European 
countries are different. In Spain it is 0.257/100,000, 
in the Netherlands 0.174/100,000, in Sweden 
0.145/100,000, and in Poland 0.023/100,000 in-
habitants per year [9]. The low IR for Poland, as 
compared to other countries, may result, among 
others, from low availability of modern diagnostic 
techniques, especially genetic and molecular ones.

The incidence of APL has been shown to be 
high in the Hispanic populations (descendants 
of Hispanics) in the United States and Latin 
America. According to Douer et al. [11], APL in 
Hispanics accounts for as much as 37.5% of all 
acute myeloid leukemias, while in non-Hispanics 
only for 6.5%. A higher incidence of APL in Latin 
Americans was also confirmed by Yamamoto et al. 
For both Hispanic women and men, the IR values 
for APL were higher than for non-Hispanics, but 
the values for Hispanic women were significantly 
higher [10].

According to Matasar et al. [12], there are 
no significant differences in the incidence of APL 
throughout the whole life. Ethnic and racial dif-
ferences in the incidence of APL are manifested 
primarily in particular age groups. Thus, in the 
0–19 age group, the Hispanics have 1.94 times 
higher IR than non-Hispanic whites and 2.59 times 
higher IR than Africans and African Americans. In 
the 20–44 age group, the Hispanics have the high-
est IR value. This value is 1.55 times higher, as 
compared to non-Hispanic whites, 2.2 times higher 
than in the case of Africans and African Americans, 
and 1.67 times higher than that of Asians. In the 
45–64 age group, the IR value does not differ sta-
tistically between particular races. In the +65 age 
group, non-Hispanic white people have an IR of 
1.85 times higher than that of the Hispanics. The 
people of African and African American origin have 
the lowest IR for APL throughout their whole life. 
The differences in the IR values for white non-His-
panics, Hispanics, and Asians are not statistically 
significant. However, the presented results do not 
make it possible to unequivocally state that race 
is a factor particularly predisposing to APL [12].

Table 1. Incidence of acute promyelocytic leukemia in the 
pediatric population by country (the percentage of all diag-
nosed acute myeloid leukemias) (sources [6, 7])

Percentage [%] Country

< 5 Saudi Arabia, the Netherlands,  
Germany, Switzerland, Sweden

5–10 India, Israel, Japan, South Korea,  
Malawi, United States, Thailand,  
Turkey, Hungary, United Kingdom

10–15 Bolivia, Chile, Egypt, Finland, France, 
Malaysia, Oman, Poland, Russia,  
Serbia, Singapore, Taiwan, Ukraine

15–20 Argentina, Australia, Belarus, Brazil, 
China, Czech Republic, Greece, Spain, 
Iran, Canada, Mexico, Nepal, Nigeria, 
South Africa

> 20 Sudan, Tunisia, Iraq, Cuba, Nicaragua, 
Pakistan, Venezuela, Italy
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Changes in the incidence of APL  
over the years

The progress in the field of diagnostic methods 
used in the recent years has clearly influenced the 
frequency of the APL diagnosis. According to Zhang 
et al. [5], the frequency of APL in the years 1992–
–2006 increased by 5.5% each year, as compared to 
the previous year. It was only after 2006 that the 
increase in the incidence reached a relative plateau 
[13]. It should be mentioned that no increase in the 
incidence of APL was observed during this period 
in Canada. The cause of it remains unknown [8].

The assessment of the effect of gender on 
the incidence of APL has also been the subject of 
comprehensive analyzes. Their results have shown 
that gender is not related to the incidence of APL 
[9, 10, 12]. However, it should be mentioned that 
in the 16–34 and 35–54 age group in Sweden, the 
rate of APL in women was much higher than in 
men. The situation was different in the oldest age 
group (+75 years of age), where the IR for men was 
higher than for women. A similar analysis which 
did not consider age showed that the incidence rate 
among women was higher (0.179/100,000 per year) 
than among men (0.113/100,000 per year) [14].

Interestingly, APL is most common among 
middle-aged people. According to a study by Venki-
tachalam et al. [15], 40% of new cases in the years 
2000–2014 concerned people in the 40–59 age 
group, while in a study by Chen et al. in the years 
1975–2014, the greatest number of new cases was 
observed in two age groups: 30–44 and 45–59 years 
(25,46% and 23,85%, respectively). Young adults 
(20–39 age group) suffer from APL more often 
than people over 60 years of age (32% and 28% of 
all cases in 2000–2014, respectively). People over  
60 years of age account for approximately 28% of 
all new APL cases [13, 15].

Incidence of secondary APL

In most cases, the development of secondary 
acute promyelocytic leukemia occurs as a result 
of prior chemo- and/or radiotherapy. According 
to Duffield et al. [16], secondary APL accounts 
for 14% of all newly diagnosed APL. Most often, 
secondary APL develops as a result of treatment of 
other malignant neoplasms or as a result of chronic 
immunosuppression. Secondary APL usually de-
velops within 3 years from the discontinuation of 
treatment. In the clinical picture, the morphology 
of promyelocytes and their immunophenotype do 
not differ from those found in de novo APL [16].

Clinical symptoms of acute  
promyelocytic leukemia

APL can occur at any age. However, the largest 
group of patients are middle-aged adults. People 
over 60 years of age are diagnosed with the disease 
less frequently. The disease occurs infrequently 
in patients who are younger than 10 years. In 
this group of patients, however, there have been 
described cases with atypical variants of genetic 
rearrangement, rarely seen in adulthood [17].

APL is characterized by a dynamic, severe 
and rapidly deteriorating clinical condition [18]. 
Common symptoms include infectious complica-
tions, hemorrhagic episodes, and weakness due 
to neutropenia, thrombocytopenia, and anemia, 
respectively. However, these symptoms are not 
typical of APL and may occur also in other types 
of AML. Other common symptoms include perio
dontal lesions, proliferative neutropenic ulcers of 
the oral mucosa with erosions and painful aphthae, 
impaired cellular immunity and activation of latent 
viral infections (i.e. the herpes zoster virus). Leu-
kemic transformation of hematopoietic progenitor 
cells resulted in almost complete block of myeloid 
progenitors cells maturation and profound neu-
tropenia, and thrombocytopenia in the peripheral 
blood. In their typical form, single blasts can also 
be present in the peripheral blood [17]. In the 
microgranular form of APL, usually associated 
with leukocytosis, their presence in the blood is 
typical. Depending on the morphology of peripheral 
blood cells, the following forms of the disease are 
distinguished with their characteristic clinical and 
laboratory symptoms:

“Typical” (hypergranular) form (AML-M3)
The typical form accounts for 60–70% of 

cases and is characterized by peripheral blood 
pancytopenia with distinct leukopenia which dis-
tinguishes this form from the hypogranular form. 
These laboratory changes may be accompanied by 
general symptoms, such as weakness and fatigue 
or weariness, as well as pale skin and symptoms of 
infection or hemorrhagic diathesis in the physical 
examination [19].

Hypogranular or microgranular  
form (AML–M3v)

The hypogranular form, unlike the previous 
one, is also accompanied by leukocytosis in the 
peripheral blood [20]. Patients with hyperleukocy-
tosis may develop the symptoms of leukostasis as  
a result of clumping of leukemic blasts cells in 



108

Hematology in Clinical Practice 2021, vol. 12, no. 3–4

https://journals.viamedica.pl/hematology_in_clinical_practice

within the small vessels and microcirculation. 
The result of this process are blood perfusion 
symptoms, especially affecting the central ner- 
vous system (CNS), and resulting in headaches and 
dizziness, tinnitus, focal symptoms or disturbed 
consciousness. They can also lead to abnormal 
pulmonary blood flow manifested by shortness of 
breath, and, in the severe form, respiratory failure. 
The presence of hyperleukocytosis is also asso
ciated with a higher 4-week mortality rate (24%), 
compared to the patient population without hyper-
leukocytosis (9%) [21]. Rare symptoms of this form 
of APL include ischemic low-flow (veno-occlusive) 
priapism (Table 2) [22].

The clinical picture of APL also includes 
disseminated intravascular coagulation (DIC) 
syndrome. The pathophysiology of DIC in APL 
patients is complex and involves many mechanisms 
of hemostasis. The occurrence of DIC symptoms in 
the course of APL may lead both to the thrombosis 
[23], and hemorrhage. DIC syndrome is the result 
of nonspecific activation of plasma blood coagula-
tion caused by the release of azurophilic cytoplas-
mic granules from disintegrating leukemic cells 
with intrinsic thromboplastic activity [24]. One of 
the most important inducers of DIC is the tissue 
factor (TF) released in large amounts from leuke-
mic blasts. The risk of developing DIC is highest 
in patients with the hypogranular or microgranular 
variant of APL (M3v) [17]. DIC is especially com-
mon in high-risk patients with the leukocyte count 
≥ 10 G/L at diagnosis, and in patients +60 years of 
age [19, 20, 25] (Table 3).

The presence of increased symptoms of hem-
orrhagic diathesis (Latin: diathesis haemorrhagica) 
is typical for APL. In the clinical picture, it is 
manifested, among others, by small ecchymoses 
(disseminated mucocutaneous purpura), hemor-

rhages and extensive bruises, or bleeding from 
the mucous membranes, especially from the nose 
(Latin: epistaxis) and gums. Less frequently, there 
can be observed bleeding from the gastrointestinal 
tract and genital tract (menorrhagia) [26].

The activation of plasma fibrinolysis mecha-
nisms caused by the release of urokinase (u-PA) 
and tissue type (t-PA) plasminogen activators (PA) 
and lysosomal enzymes by the leukemic cells is 
also important. The activation of fibrinolysis ac-
companying the DIC symptoms may also lead to the 
occurrence of central nervous system complica-
tions (e.g. hemorrhagic stroke). Their occurrence 
often makes it impossible to undertake a decision 
regarding the core treatment, having an adverse 
effect on the prognosis in this group of patients 
at the same time [27–29]. It is generally accepted 
that in these cases, due to the high risk of potential 
threat to life, it is necessary to implement urgent 
diagnostic and therapeutic procedures and initiate 
anti-leukemia treatment with vitamin A deriva-
tives, before the final diagnosis of APL is made.

In untreated cases, severe hemorrhagic di-
athesis occurs due to secondary coagulopathy 
and abnormal platelet hemostasis (“consumptive 
coagulopathy”) in which severe thrombocytope-
nia and hypofibrinogenemia play a key role [20, 
28]. In the cases of APL complicated with fully 
decompensated DIC syndrome, the occurrence of 
hemorrhagic complications in the lungs and CNS 
often occurs even before the diagnosis and initia-
tion of anti-leukemic treatment [19, 30, regardless 
of the profile of changes in the blood coagulation 
tests [31].

The rapid APL progression is associated with 
a high incidence of early deaths (ED). In APL, ED 
is defined as death within the first 30 days from the 
moment of diagnosis [19, 32]. In the past, before 
the introduction of targeted therapy, patients who 
were untreated or on corticosteroids died within 
the first 30 days of diagnosis. The median survival 
time was less than one week [33]. Presently, de-

Table 2. Comparison of selected clinical morphological 
subtypes of acute promyelocytic leukemia according to the 
French–American–British (FAB) classification system  of he-
matological diseases (source [20])

„Typical” form

(ca. 60–70% of all cases)

„Microgranular” form

(ca. 30–40% of all cases)

Morphological subtype 
AML–M3

Morphological subtype 
AML–M3v

Hypergranular  
promyelocytes

Hipogranular/microgranular 
promyelocytes

Leukopenia Leukocytosis

Low risk of associated  
DIC syndrome

High risk of associated  
DIC syndrome

*DIC syndrome — disseminated intravascular coagulation syndrome

Table 3. Groups at risk of an unfavorable acute promyelo-
cytic leukemia outcome (source [20])

Risk category Stratification criteria

WBC [G/L] PLT [G/L]

Low risk ≤ 10 ≥ 40

Intermediate risk ≤ 10 < 40

High risk > 10 –

WBC — white blood cells (total number of leukocytes in the blood);  
PLT — platelets (the number of thrombocytes in the blood)
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spite the development of a therapy protocol based 
on all-trans retinoic acid (ATRA), arsenic trioxide 
(ATO) and anthracyclines, it is still a significant 
problem. It has been shown that nearly one third 
of patients diagnosed with APL dies within the first 
month, ca. 70–77% of which die within the first  
7 days from the moment of diagnosis, and 30% within  
the same day. This makes ED the major cause of 
treatment failure. Despite the use of treatment 
with plasma derivatives and platelet concentrate, 
the incidence of early hemorrhagic deaths during 
induction therapy has not improved significantly in 
the recent years. It amounts to 20% and is compa-
rable to that from 20 years ago [34]. An exception 
in this regard are patients treated in specialized 
clinical centers, where the mortality remains at the 
level of approximately 3–10%. It probably results 
from easier availability of rapid genetic diagnostics 
and pharmacotherapy. The studies carried out so 
far show particular effectiveness of therapy in pa-
tients receiving treatment according to the guide-
lines aimed at reducing bleeding and infectious 
complications or the differentiation syndrome (DS).  
The best results are achieved with rigorous ad-
herence to current standards of care for support-
ive care and monitoring of blood parameters for 
platelet count, fibrinogen blood concentration, and 
international normalized ratio (INR) and activated 
partial thromboplastin time (APTT) [14, 32].

The occurrence of infectious and/or hemor-
rhagic complications in the fully developed phase of 
the disease, in the pre-diagnosis period and shortly 
after appropriate treatment, may lead to premature 
death. The main cause of death in this period are 
most often massive hemorrhages into the critical 
organs (56–69%), the most common of which are 
intracranial and intracerebral hemorrhages (64%), 
and less frequently pulmonary hemorrhages (32%) 
[7, 29, 35]. Also in these cases, most deaths occur 
within the first week after the diagnosis.

12–27% of patients die due to opportunistic 
infections within the respiratory tract, mainly 
bacterial and fungal, often associated with septic 
shock [14]. In this group, death occurs within 3 to 
39 days from the introduction of treatment; the 
median survival time is 21 days. For these reasons, 
empiric and based on germ sensitivity test results 
antibiotic therapy is recommended in all cases as 
the general standard of care in the APL manage-
ment. A rare cause of ED is multiple organ failure 
(6.9%) due to severe infectious and/or the DS [32, 
36]. The clinical picture is rarely dominated by se-
vere thrombotic/infarction complications (e.g. limb 
ischemia, myocardial ischemia, acute myocardial 

infarction, pulmonary embolism or cerebral venous 
thrombosis) as a complication of coagulopathy as-
sociated with the overexpression of proteins that 
promote the abnormal blood clotting, including TF 
or cancer procoagulant (CP) [23].

The occurrence of thromboembolic complica-
tions in patients with APL is a contraindication 
to invasive procedures (including central venous 
cannulation, lumbar puncture or bronchoscopy) 
[37]. In the event of thrombosis within the vascu-
lar catheters, they should be removed prior to the 
diagnosis of APL, immediately after the diagnosis 
of the disease [29].

The DS, formerly known as the retinoic acid 
syndrome (RAS), is also mentioned as a rare cause 
of early death. It represents a complex set of clini-
cal symptoms occurring within one to two weeks 
after the initiation of the ATRA treatment. The 
data on its prevalence vary. This syndrome may 
affect up to 24–26% of patients, and according to 
some studies, up to one third of patients with APL 
[26]. The latest reports indicate that the risk of this 
syndrome exists in nearly half of the patients un-
dergoing ATRA/ATO treatment [38]. In the course 
of DS, the interview and physical examination 
include fever, dyspnea, acute respiratory failure, 
hypotension, peripheral edema, and weight gain. 
The radiographic examination usually reveals 
pulmonary edema with interstitial infiltrates, and 
pleural and/or pericardial effusion [38]. Multiple 
organ failures may occur in the course of the syn-
drome, including liver failure, acute renal failure, 
and congestive heart failure [19, 20]. These symp-
toms may be accompanied by hyperleukocytosis. 
It should be noted that severe course of DS is the 
cause of 15–18.5% of ED [32].

The pathogenesis of DS is not fully under-
stood. It has been suggested that its occurrence 
is related to the mechanism of action of the drug 
and the induction of the process of blast cell differ-
entiation. Maturing cells release pro-inflammatory 
cytokines responsible for triggering the systemic 
inflammatory response (including fever and hy-
potension). One of the effects of their action is an 
increase in the capillary permeability, leading to the 
systemic capillary leak syndrome (SCLS) [26]. An 
important role is also attributed to the regulation 
of the expression of adhesion molecules (includ-
ing CD13), promoting the adhesion of leukocytes 
to capillary endothelial cells, thus initiating a local 
inflammatory reaction. The ability of migrating 
leukocytes to infiltrate tissues and the potential 
risk of vascular occlusion by blood cell aggre-
gates are the basis for the development of organ 
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dysfunction (including respiratory failure or renal 
dysfunction) [38].

Symptoms of organ infiltration  
with leukemic cells

In patients with APL, the CNS may also be 
affected by the leukemic process, but its exact 
incidence is unknown. The presence of infiltration 
is rarely seen within the CNS de novo. The infiltra-
tion of the CNS is much more frequent in the case 
of extra-medullary disease [39]. The presence of 
neurological symptoms (such as headaches and 
dizziness, nausea, vomiting, visual disturbances, 
photophobia, phonophobia, dysarthria, convul-
sions, hemiplegia, unstable gait, disturbance of 
consciousness) is an indication for head imaging 
(CT contrast, MRI) to rule out the CNS bleeding. 
If such bleeding is excluded, APL treatment should 
be immediately initiated, preferably with the use 
of drugs penetrating the CNS.

If infiltration of the CNS is suspected, the 
presence of neurological symptoms at the time 
of diagnosis or recurrence of the disease and the 
results of diagnostic imaging may be an indication 
for performing a lumbar puncture for diagnostic and 
therapeutic purposes [39]. However, it is debatable 
if it can be performed during coagulopathy. Cur-
rent guidelines allow it in high-risk patients with 
hyperleukocytosis during remission. It allows to 
avoid the development of secondary bleeding com-
plications and minimizes the risk of implantation 
of leukemia cells into the CNS [40].

Morphological diagnostics of acute  
promyelocytic leukemia

Based on the morphological image of leukemia 
cells, two variants of the disease can be distin-
guished according to the French–American–Brit-
ish (FAB) classification systems of hematologic 
diseases. The classic form — hypergranular (M3), 
which accounts for 60 to 70% of APL cases, and 
the hypogranular — microgranular variant form 
(M3v) [1, 2, 17].

The diagnosis of the hypergranular form is 
usually not difficult. Leukemia cells are character-
ized by an irregular cell nucleus and numerous, 
large basophilic granules and/or the presence of 
linearly arranged peroxidase-positive granules 
(Auer rods) in the cytoplasm. The diagnosis of 
the hypogranular form of APL is more difficult. 
Leukemia cells are characterized by the absence 
or presence of small, dispersed granules. The pres-
ence of Auer rods is also sporadic. There can be 
found atypical promyelocytes with bilobed nucleus 

in the blood smear. In the hypergranular APL form, 
the white blood cell count is lowered and in the 
hypogranular variant form, it is increased [7, 17, 
41]. There has also been distinguished a version of 
the disease with the presence of atypical basophils, 
the presence of which was confirmed in one third 
of the patients with APL. This form of the disease 
is associated with a high risk of bleeding and in-
creased mortality [42]. Depending on the different 
genetic variants, as compared to the classic type of 
APL, the morphological picture of leukemic cells 
is similar (with some exceptions) [17].

In cytochemistry, APL cells show a strong pos-
itive reaction to the presence of myeloperoxidase 
(MPO) and a positive reaction with Black Sudan B 
(SBB) [17]. According to the available data, 100% 
of APL cells show a strong MPO expression and  
a strong positive reaction with SBB. In 63% of cases,  
leukemia cells show a positive reaction to the pres-
ence of esterases (Es-chl) and in 45% of cases —  
a positive reaction with Schiff’s reagent [43].

The most common changes in the laboratory 
tests in patients with APL are leukopenia and 
thrombocytopenia [17, 44]. In the presence of DIC 
syndrome, the prothrombin time and the activated 
partial thromboplastin time are prolonged [44].

When compared to other types of AML, labo-
ratory test results in APL are more likely to show 
increased levels of fibrin/fibrinogen degradation 
products (FDP), D-dimers, and decreased levels 
of fibrinogen. In patients with APL, however, no 
differences in total iron binding capacity (TIBC) and 
transferrin levels were found, and they were within 
the normal range. Compared to patients with other 
types of AML, however, the TIBC values, blood 
transferrin levels, triglycerides and cholesterol 
levels are higher [45].

Changes in the immunophenotype  
of blasts in acute promyelocytic leukemia

Leukemic cells in APL are characterized by  
a strong expression of CD13+ and CD33+ and the 
lack of expression of CD34 and HLA class II antigen 
[7, 46]. In the hypogranular form of APL, there is  
a weak expression of HLA class II and CD34+. On 
the other hand, the expression of CD2+ is more 
frequent. In approximately 10% of patients, regard-
less of the form of APL, there can be observed 
the expression of CD117+, CD15+, CD56+ and 
CD64+ [17, 25, 47]. The expression of the CD2+ 
antigen is often accompanied by the expression of 
CD34+. The CD2+ expression carries a higher 
risk of death and a lower 5-year overall survival. 
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The presence of the CD34 antigen on leukemic 
blasts is also associated with poor prognosis [25].

According to the latest recommendations, the 
use of CD9+/CD11b+/HLA class II (–) antigens in 
the diagnosis of APL enables the diagnosis of APL 
with sensitivity amounting to 85% and specificity 
amounting to 95% . In turn, the combination of 
CD34+/CD117+/HLA class II (–) antigens enables 
the diagnosis of APL with the sensitivity of 39% 
and the specificity of 92%. Similarly, the diag-
nostic use of a CD11b+/HLA class II (–) antigen 
combination enables the diagnosis of the disease 
with the sensitivity and specificity equal to 80% 
[47]. Another study, where the cut-off was 20%, 
showed that the combination of CD117+/CD13+/ 
/CD56+/CD64+ antigens and MPO enables the 
diagnosis of APL with the sensitivity of 91.7% 
and the specificity of 93.1%, as compared to other 
types of AML without the expression of the HLA 
antigen class II [48].

Genetic basis of APL

In most cases, APL results from a reciprocal, 
balanced translocation of t(15;17)(q24;q21) involv-
ing the promyelocytic leukemia protein (PML) 
gene on chromosome 15q24 and the retinoid acid 
receptor alpha unit (RARA) gene on chromosome 
17q21 [49]. In the case of the PML gene, the trans-
location area covers 35 kb and 9 exons, with the 
sequences 7a, 7b, 8a and 8b within exons 7 and 8, 
respectively. For the RARA gene, the size of the 
translocated material is 7.5 kb. In this case, 9 exons 
of the RARA gene are translocated, with the start 
codon within exon 2 and the stop codon within 
exon 9, encoding the sequence of 6 domains (A, B, 
C, D, F) of the RARA protein [50, 51]. In the case 
of the RARA gene, the break point cluster region 
is in intron 2. Within the PML gene, three break 
point cluster regions (bcr) have been identified: 
bcr1 in intron 6, bcr2 in exon 6 and bcr3 in intron 3. 
The cases with a break point cluster region within 
bcr1 and bcr3 account for 90–95% of all the cases 
reported for APL patients [52]. About 30% of APL 
patients also show other chromosomal abnormali-
ties, including trisomy 8 [53]. The coexistence of 
other molecular defects with the t(15;17)(q24;q21) 
translocation have also been confirmed, among oth-
ers, the FMS-like tyrosine kinase 3 (FLT3) gene 
mutation detected in 30–33% of APL patients (in-
cluding FLT3-ITD in 13% of cases), WT1 mutation 
in about 14% and NRAS in about 7–10% [54, 55].

So far, 17 new variant translocations involving 
the RARA gene have been detected in patients with 

APL. Their detailed molecular characteristics and 
the sensitivity to ATRA and ATO treatment are 
presented in Table 4 [52, 56, 57].

Proceedings in the event  
of suspicion of APL

According to the latest recommendations, if 
APL is suspected, treatment with ATRA should be 
started immediately. At the same time, molecular 
tests should be performed to confirm the pres-
ence/absence of the PML-RARA fusion and/or the 
translocation t(15;17). The presence of leukopenia 
or leukocytosis in the variant form of disease, the 
identification of promyelocytes in the peripheral 
blood smear, and blood coagulation disorder with 
the clinical and laboratory features of consumption 
coagulopathy, makes the diagnosis of APL very 
probable [56, 57].

The administration of ATRA induces the 
maturation and differentiation process of leuke-
mic cells by changing the conformation of the 
PML-RARA fusion protein. A direct connection 
of ATRA to the RARA protein leads to the release 
of corepressors and cofactors of the process of 
the activation of the vitamin A-dependent gene(s) 
transcription process. Their result is the induction 
of the promyelocyte differentiation, a decrease in 
promyelocytes content in the bone marrow and in 
the peripheral blood, with a significant reduction 
in the severity of coagulopathy. The recommended 
daily dose of ATRA is 45 mg/m2 of body surface 
area, administered orally in two equally divided 
doses. In patients with hepatic and/or renal insuf-
ficiency, the daily ATRA dose should be reduced 
to 25 mg/m2 body surface area [58].

Remission-inducing treatment
It is possible to use one of several remission 

induction schemes in patients with APL. One of 
them is based on chemotherapy with the use of 
full doses of anthracyclines (TxA) in combination 
with ATRA. 

The use of combination therapy is very effec-
tive and allows to achieve complete remission of 
the disease even in 90–95% of patients. Moreover, 
it has been shown that the use of the combination 
therapy with ATRA + TxA significantly reduces 
the frequency of relapses, as compared to mono-
therapy with ATRA or TxA alone [59]. Combination 
therapy has also been shown to be more effective 
than the crossover method [60]. An alternative 
protocol for the induction treatment is the AIDA 
regimen (ATRA + idarubicin). In this regimen, 
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Table 4. Clinical and cytogenetic and molecular characteristics of atypical forms of acute myeloid leukemia (sources [52, 56, 57])

Variant of the  
fusion with  
RARA

Translocation/ 
/chromosomal  

variant

Gene function Clinical 
symptoms 

DIC

Sensitivity  
to ATRA

Sensitivity  
to ATO

ZBTB16-RARA t(11;17)(q23;q21) ZBTB16 expression is associated with  
a number of cellular processes including  
differentiation, apoptosis, proliferation

Yes Resistant Resistant

NPM1-RARA t(5;17)(q35;q21) NPM1 regulates the activity of many tumor 
growth suppressors, including MDM2, p53, 

and ARF. Participates in ribosome biogenesis, 
regulates protein synthesis by interacting  

with c-myc

Yes Sensitive No data

STAT5B-RARA der(17) Factor involved in signaling the JAK-STAT 
path, participates in the stimulation  
of cytokine and hormone dependent  

growth and differentiation

Yes Resistant Resistant

IRF2BP2-RARA t(1;17) (q42;q21) IRF2BP2 protein (interferon regulatory factor 
2 binding protein 2) is responsible for the  
regulation of the transcription of genes   

dependent on type I interferon

In some 
cases

Sensitive Sensitive

FIP1L1-RARA t(4;17)(q12;q21) Encodes a component of the complex  
involved in mRNA trimming and  

polyadenylation (mRNA processing)

No Sensitive No data

BCOR-RARA t(X;17)(p11;q21) BCOR interacts with the BTB-POZ domain  
of the BCL-6 protein causing the repression  

of its functions

In some 
cases

Sensitive Insensitive

TBLR1-RARA t(3:17) (q26:q21) TBLR1 gene (transduction b-like 1 X-linked 
receptor 1) plays a role in the activation of 
transcription, and the proteins expressed as  

a result of its action are an important element 
of the nuclear corepressor receptor (N-CoR) 

and histone deacetylase 3 (HDAC 3)

No data Resistant Sensitive

STAT3-RARA der17 Factor involved in the JAK-STAT pathway  
signaling, participates in the stimulation  

of cytokine and hormone dependent  
growth and differentiation

No data Resistant No data

NUMA1-RARA t(11;17)(q13;q21) NUMA1 is involved in the mitotic process  
by interacting with microtubules during  

the formation of the mitotic spindle

Yes Sensitive No data

PRKAR1A-RARA t(17;17)(q21;q24), 
del(17)(q21;q24)

One of the main factors of type 1 protein ki-
nase A, the main mediator of signal  

transmission via cAMP

No Sensitive Sensitive

NABP1-RARA t(2;17)(q32;q21) NABP1 (nucleic acid binding protein 1) plays 
an important role in the response to DNA 
damage and the processes of maintaining 

genome stability

No Sensitive No data

GTF2I-RARA t(7;17) (q26;q21) GTF21 (general transcription factor IIi)  
plays an important role in the processes  

of transcription, signal transmission  
by growth factors, and the function  

of the immune system

Yes resistant resistant

FNDC3B-RARA t(3;17) (q26;q21) Fibronectin type III domain containing 3B 
gene probably participates in the positive  

regulation of adipogenesis

No data Sensitive Sensitive

ADAMTS17-
-RARA

Comment: ADMTS17 
gene (ADAM metallo-
peptidase with throm-
bospondin type 1 mo-
tif 17) is localized on 

chromosome 15q26.3

Unknown No data Sensitive No data

TFG-RARA t(3;14;17)
(q12;q11;q21)

TFG gene participates in the trafficking from 
endoplasmic reticulum to the Golgi regulator

No Sensitive No data

Unknown RARA t(4;17)(q12;q21) – No data Resistant No data

NUP98-RARA der17 NUP98 codes the nuclear pore complex (NPC) 
protein, regulates the nuclear-cytoplasmic 

transport of proteins and mRNAs

Yes No data No data
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ATRA is administered at a dose of 45 mg/m2/day 
and idarubicin (IDA) 12 mg/m2 intravenously on 
days 2, 4, 6 and 8 of the treatment cycle. The ad-
ministration of ATRA is continued until complete 
remission is achieved in the peripheral blood 
and bone marrow. The occurrence of side effects 
requires a reduction in the ATRA dose to 25 mg/ 
/m2/day. Similarly, in patients +70 years old, it is 
recommended to reduce the number of IDA ad-
ministrations to 3 days — i.e. on days 2, 4 and 6 of  
the treatment cycle [61, 62]. Recently, ATO has 
been applied in the induction treatment of APL. 
In lower concentrations, the drug induces the 
process of differentiation of leukemic cells, and 
in high concentrations, it induces the process of 
their apoptosis. The mechanism of action of ATO 
differs from that of ATRA. ATO binds directly to the 
PML fragment of the PML-RARA fusion protein, 
the consequence of which is the attachment of the 
ubiquitin-like protein SUMO to PML, initiating the 
process of SUMOylation and subsequent degrada-
tion of the PML-RARA protein. Theoretically, the 
use of ATO may eradicate clonogenic leukemia 
initiating cells (LIC) by stimulating their differen-
tiation process. It should be remember that LIC 
constitute a small subpopulation of leukemic blasts, 
able to relapse even in remission of the disease 
[7]. The aforementioned properties of ATO have 
become the reason for an increase in its use in the 
treatment of patients with a relapse of the disease, 
as well as patients with the refractory form of 
APL. Monotherapy with ATO makes it possible to 
achieves a similar percentage of complete remis-
sions as in the case of combined ATRA and TxA 
therapy [57]. The effectiveness of the induction 
treatment of combination therapy with ATRA and 
IDA was also compared with that of combination 
therapy with ATRA + ATO. In the latter case, the 
drugs were used in the following doses: ATO 15 mg/ 
/kg bw intravenously and ATRA 45 mg/m2/day 
orally. It turned out that this therapy significantly 
improved the overall survival of patients with APL. 
The hematological toxicity also turned out to be 
low, having a direct impact on the risk of neutro-
penic infections. However, combination therapy 
turned out to be associated with a higher incidence 
of symptoms of hepatotoxicity, as compared to the 
standard ATRA and TxA induction regimen. The 
use of combined ATRA + ATO therapy is also pos-
sible in the elderly with comorbidities, including 
cardiac conditions which are a contraindication to 
the use of anthracyclines [63]. 

Consolidation treatment [64]

The most common form of consolidation 
treatment is the administration of 2–3 cycles of 
treatment with TxA + ATRA [57]. Its application 
enables molecular remission (MR) in 90–99% of 
patients. Autologous hematopoietic cell transplan-
tation or reinduction with ATO may be considered 
in patients in whom the PML-RARA transcript 
is still detectable in PCR after the consolidation 
treatment [65].

Post-remission maintenance treatment

Obtaining MR with the consolidation treat-
ment does not protect against relapse. To prevent 
relapse in patients treated with the ATRA +  
+ TxA regimen, two cycles of the ATO + ATRA 
combination treatment are recommended. If, for 
some reason, this is not possible, the maintenance 
therapy consists of a triple therapy: mercaptopu-
rine (MP), methotrexate (MTX) and ATRA [23]. 
Each maintenance treatment cycle begins between 
2 and 4 weeks after the last cycle of consolidation 
therapy, as soon as the neutrophil count increases 
≥ 1,0 G/L, and the platelet counts is ≥ 100 G/L. The 
treatment with ATRA + ATO lasts 12 weeks and 
the treatment regimen is as follows:
•	 ATO: 0.15 mg/kg/day intravenously, 5 days  

a week, with a 2-day break. The treatment is con- 
tinued for 4 weeks followed by a 2-week break;

•	 ATRA: 45 mg/m2/day, orally, in two divided 
doses for 2 weeks daily, followed by a 2-week 
break. In order to avoid the symptoms of pseu-
dotumor cerebri in people under 20 years of age, 
the ATRA dose should be reduced to 25 mg/ 
/m2/day.

Treatment of APL relapse

Relapse after complete remission is usu-
ally defined as hematological, extra-medullary, or 
molecular disease reoccurrence. A hematological 
relapse should be diagnosed when the number of 
blasts or atypical promyelocytes in the marrow is 
> 20% or when the number of blasts or atypical 
promyelocytes in two bone marrow samples taken 
one week apart is > 5%. The confirmation of APL 
relapse in these cases is the presence of the PML-
-RARA fusion. An extra-medullary relapse should 
be diagnosed when the leukemic infiltrates and/ 
/or leukemic cells are found in the cerebrospinal 
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fluid or other tissues or organs. Extra-medullary 
APL relapse should also be confirmed by immu-
nophenotyping and/or molecular tests. A molecu-
lar APL relapse is defined as the reappearance of  
a PML-RARA positivity in two consecutive bone 
marrow samples taken at any time after the end 
of treatment. The persistence of a positive PCR 
result for PML-RARA after the end of treatment 
is the criterion of resistance to the treatment [20, 
29]. In patients with persistent residual disease 
at the molecular level or molecular APL relapse, 
emergency treatment, including hematopoietic 
stem cell transplantation, should be introduced 
immediately. In these cases, ATO + ATRA therapy 
should be considered if ATRA + TxA/idarubicin 
were used as the first line of treatment. If ATO 
+ ATRA was used as the 1st line of treatment,  
a treatment consisting of ATRA + TxA (idarubicin) 
can be introduced. Therapy with anti-CD33 mono-
clonal antibodies (GO, gemtuzumab ozogamicin) 
may also be considered.

Results of clinical trials in the treatment 
of acute promyelocytic leukemia

The introduction of ATRA to the treatment 
algorithms has significantly improved the long term 
outcome of APL patients. It is especially evident 
over the past two decades. Its use reduced the 
5-year mortality from 82% to 36%. This was made 
possible thanks to the use of a combination therapy 
involving the administration of ATRA, cytarabine 
(Ara-C), ATO and anthracyclines [daunorubicin 
—(DNR) or IDA]. The use of combined therapy 
resulted in complete remissions (CR) rate 90–95%, 
and the cure rate exceeded 80%. Despite high CR 
rates, treatment-related mortality and relapse 
frequency were still high (10% and 20–30%, re-
spectively). The aforementioned data necessitated 
the search for new drug combinations, the use of 
which will enable not only the achievement of CR, 
but also reduce the treatment related mortality and 
the frequency of APL relapses [66, 67].

Recently, the use of the aforementioned oral 
form of arsenic called the Realgar-Indigo naturalis 
formula (RIF) has been very popular. The results 
of its application were summarized by Sasijareonrat 
et al. in 2020 [68], based on a systematic review of 
MEDLINE and EMBASE databases. The meta-
analysis included only the results of randomized 
and control group trials. The final analysis included 
482 patients, 258 treated with RIF and 224 patients 
treated with the classic intravenous form of ATO. 
The chances of achieving CR were numerically 

higher in the group receiving the oral form of the 
drug, but this difference was not statistically signifi-
cant. Also, the 30-day mortality, event-free survival 
(EFS), and overall survival (OS) rates were higher 
in the RIF-treated patients. However, these differ-
ences were not statistically significant. Interestingly, 
the risk of APL recurrence was higher in the group 
treated with the oral form of arsenic. Also in this 
case, the difference was not statistically significant. 
The incidence of side effects did not differ signifi-
cantly, as well. These results may indicate that the 
use of ATRA in combination with the oral form of 
arsenic in patients with low to intermediate risk of 
an unfavorable APL course is at least as effective as 
intravenous administration of the drug [68].

A meta-analysis published in 2016 compared 
five previously used de novo treatment strategies of 
APL [69]. The efficacy of the following therapeutic 
strategies was assessed: ATO + ATRA, RIF with 
ATRA, ATRA + anthracycline, ATO and ATRA. 
The assessment was based on the results of 14 ran- 
domized controlled trials including 1407 newly 
diagnosed APL patients in the years 1998–2015 
(ATRA + ATO, n = 537, RIF + ATRA, n = 117, 
ATRA + TxA, n = 297, ATRA, n = 346 and ATO, 
n = 110). 98 cases (7%) who had died before the 
30th day from the initiation of treatment were 
excluded from the analysis. The analysis showed 
no significant differences between the assessed 
treatment regimens in terms of the percentage of 
the achieved CR. Taking into account the cases of 
early death and the percentage of achieved CRs, 
the most effective treatment method was the com-
bination of ATO-ATRA and RIF-ATRA, followed by 
ATRA + TxA, and monotherapy with ATO. The 
lowest efficacy of treatment was confirmed with 
the use of ATRA as monotherapy. The evaluation of 
long-term treatment outcomes showed that the use 
of ATO-RIF in combination with ATRA improves 
OS and EFS, as compared to ATRA in combina-
tion with an anthracycline in patients with low and 
medium risk. On the basis of this observation, the 
authors of the study concluded that the treatment 
regimen of ATO in combination with ATRA and 
RIF in combination with ATRA may be considered 
optimal in the treatment of newly diagnosed cases 
of APL and should be recommended as the first- 
-line therapy [69].

Abaza et al. [68] demonstrated that the com-
bination of ATRA with ATO is better than the ad-
ministration of ATRA in combination with chemo-
therapy in patients with newly diagnosed APL with 
low or moderate risk of an unfavorable course of 
the disease. It also turned out that adding GO to 
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the above-mentioned therapy regimen improved 
the effectiveness of treatment in high-risk and 
low-risk patients in the case of leukocytosis in 
the course of ATRA treatment (CR rate 96%). The 
mortality in this group of patients was estimated 
at 4%. It also turned out that as many as 45% of 
low-risk patients required the administration of 
GO or IDA due to leukocytosis during the ATRA 
treatment. After a mean follow-up of 47.6 months, 
the 5-year progression free survival (PFS), relapse 
free survival (RFS) and S were 85%, 96%, and 88%, 
respectively. This study confirmed the purposeful-
ness of using ATRA and ATO with or without GO 
in patients with newly diagnosed APL.

Another meta-analysis conducted by Li et al. in 
2017 [69], assessed the effectiveness of combina-
tion chemotherapy in patients with APL. The study 
group consisted of 7566 newly diagnosed patients, 
and the median follow-up time of the evaluated pa-
tients was 49.24 months (the follow-up ranged from 
12 to 121 months). After the induction treatment, 
89.77% of patients achieved CR in a mean period 
of 38.25 days. The mortality during the induction of 
remission was estimated at 6.34%. The CR rate after 
induction of ATRA, ATO and DNR was determined 
to be 96.16%, for ATRA-DNR it was 94.3%, for 
ATRA-DNR-cytarabine it was 92% and for ATRA-
-idarubicin it amounted to 91.2%. The total relapse 
rate was estimated at 14.4%. The analysis confirmed 
an inverse relationship between the number of leu-
kocytes and the percentage of the obtained CRs. In 
this analysis, the 5-year OS and 5-year RFS were 
86.41% and 75.42%, respectively [67].

It should be mentioned that the results of 
randomized clinical trials do not always reflect the 
results of treatment in real life conditions. Sobas 
et al. analyzed 283 unselected patients with APL 
treated in 20 Polish hematology centers in the years 
2005–2017. All patients were treated according to 
the ATRA-based PETHEMA protocol regimen in 
combination with anthracycline chemotherapy. The 
4-year OS rate was 67% and the EFS rate was 4%. 
The ED rate was estimated at 20.1%, and the pre-
treatment death rate was 3.5% (10 patients). The 
main causes of ED were hemorrhages (45.6%), 
infections (17.5%), and the DS (14%). Out of 273 
treated patients, 214 (78.4%) achieved hematologi-
cal remission. Two patients (0.7%) were resistant 
to the treatment. 47 (17.2%) patients could not 
be assessed due to ED. For 6 (3.7%) patients, re-
sponse data could not be obtained. The conducted 
analyzes showed that the factors predisposing to 
ED and OS were: the patients’ performance status 
assessed according to the Eastern Cooperative 

Oncology Group (ECOG) scale > 2, +60 years 
of age and the occurrence of bleeding before the 
start of treatment. An additional factor that had  
a negative impact on EFS was the number of 
white blood cells > 10 G/L. This study confirmed 
that the main factor influencing the end result of 
the APL treatment was early mortality [36]. The 
introduction of ATRA and ATO in the classic form 
of APL significantly improved the early results of 
the APL treatment. A problem which has not been 
solved in this group of patients is the relatively high 
frequency of disease relapses, especially among 
high-risk patients, and the high mortality in the 
case of relapse in patients previously treated with 
ATO. Another problem is the relatively frequent 
(20–25%) occurrence of the DS, directly related 
to the treatment used [38]. For these reasons, 
patients with risk factors predisposing them for 
relapse should be eligible for autologous stem cell 
transplantation (auto-SCT). Recently published 
registry data show that the post-transplant course 
of the disease in patients undergoing auto-SCT in 
the second complete hematological remission is 
better than in the case of allogeneic hematopoietic 
cell transplantation (allo-SCT), both in terms of 
leukemia free survival (LFS) as well as OS [70].

In some cases, achieving molecular remission 
in APL is difficult and requires additional treatment. 
An excellent example is obtaining MR in a young 
patient with the ider(17)(q10)t(15;17)(q22;q21) 
variant of the disease in whom CR was confirmed 
after one month of treatment with ATRA + ATO, 
with negative PML-RARA fusion test result after 
adjuvant DNR + cytosine arabinoside therapy [71].

Measurable residual disease assessment

Measurable residual disease (MRD) is a term 
that reflects the presence of persistent malignant 
cells after treatment that are not detectable by 
cytomorphological evaluation methods. MRD de-
termines the number of leukemic cells in propor-
tion to normal cells and is usually in the range of 
1:104 to 1:106. By comparison, a standard disease 
assessment using morphological microscopic tech-
niques detects one leukemia cell per 20 white blood 
cells [72]. The MRD assessment also concerns 
patients who achieved complete hematological 
remission defined as a decrease in the percentage 
of blast cells in the bone marrow smear < 5%, the 
absence of Auer rods/promyelocyte morphology; 
the absence of extramedullary leukemia foci and 
restoration of normal hematopoiesis in all hemato
poietic cell lines [73].
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One of the most widely used techniques 
to evaluate MRD is multicolor flow cytometry 
(MFC). The following characteristics of leukemia 
cells can be assessed by flow cytometry: side-
scattered light (SSC), forward scatter (FSC) and 
cluster differentiation molecules (CD), as well as 
cytoplasmatic cluster differentiation molecules 
(cCD). It is possible thanks to the use of monoclonal 
antibodies coupled with various fluorescent dyes 
[74]. Distinguishing leukemia cells from normal 
hematopoiesis cells is possible due to the presence 
of an aberrant set of surface/cytoplasmic antigens 
on leukemic cells — the leukemia-associated im-
munophenotype (LAIP). If LAIP cannot be used, it 
is also possible to identify MRD by comparing the 
phenotype of the patient’s marrow cells with the 
phenotype of normal marrow cells and selecting  
a population of cells with a different distribution 
of CD markers expression. After the identifica-
tion of the patient-specific immunophenotype of 
APL cells, further monitoring of MRD is possible 
at any stage of the treatment [75]. The MFC 
method allows to obtain quick results with rela-
tively low evaluation costs. The sensitivity of this 
method ranges from 10–3 to 10–5. Unfortunately, 
the sensitivity of MRD monitoring with MFCs 
is often reduced due to the lack of differences in 
the expression of individual antigens on leukemia 
cells and their corresponding normal cells. Another 
problem affecting the reliability of the MFC MRD 
assessment is, among others, immunophenotypic 
instability of the leukemic clone which leads to the 
formation of several cell subpopulations with differ-
ent phenotypes (resistance, disease relapse). This 
observation contributed to the use of a wide panel 
of antibodies in these cases. Despite its common 
use, the disadvantage of the MFC is also its lack 
of standardization in APL cases. It makes it impos-
sible to compare MRD levels between particular 
laboratories, and to draw general conclusions about 
the relationship between the MRD levels and the 
risk of disease relapse.

The PML-RARA transcript assessment in 
total RNA originated from the bone marrow cells 
enables the diagnosis of molecular APL remission 
(molecular remission) [76]. MRD monitoring in 
acute myeloid leukemia — both at the cytometric 
and molecular level, is of great practical impor-
tance. The presence of MRD is an independent 
prognostic factor and correlates with the risk of 
disease relapse [72, 77, 78]. A high MRD level after 
the completion of induction therapy is associated 
with a poorer prognosis [79]. MRD assessment also 
makes it possible to recognize an imminent APL 

relapse and to initiate rescue therapy early [80]. 
Currently, attempts are being made at standard-
izing the MRD assessment using highly sensitive 
techniques including real-time polymerase chain 
reaction (RQ-PCR), reverse transcription polymer-
ase chain reaction (RT-PCR), droplet digital PCR 
(ddPCR) and next generation sequencing (NGS) 
[76, 78, 81]. Unfortunately, the standardization of 
the above-mentioned methods has not been fully 
carried out so far. For this reason, their introduction 
into routine clinical practice remains a challenge. 
PCR and ddPCR tests are time-consuming (e.g. in 
the case of RT-PCR about two days), laborious and 
require appropriately trained personnel. However, 
molecular MRD assessment is widely used in 
laboratory monitoring of patients with APL. The 
preferred material for MRD monitoring is bone 
marrow mRNA. It has been shown that the analysis 
of peripheral blood mRNA samples is characterized 
by much less sensitivity [82]. Molecular MRD 
assessment is applicable in approximately 95% 
of APL cases positive for the PML-RARA fusion 
[82, 83]. Regular assessment of its presence is the 
basis of molecular monitoring of APL relapse after 
the end of treatment [77]. However, confirming its 
presence at the molecular level is not always as-
sociated with a rapid relapse of the disease. Some 
of the patients remain in long-term remission of 
the disease despite the detectable PML-RARA 
transcript [84]. MRD monitoring also enables 
making optimal therapeutic decisions, minimizing 
the possible risk of over-treatment and avoiding 
symptoms of excessive toxicity. The PETHEMA 
research group distinguished three groups at risk 
of an unfavorable course of the disease depend-
ing on the MRD level: high with MRD ≥ 0.1%, 
intermediate with MRD < 0.1% and ≥ 0.01%, low 
with MRD < 0.01%. According to the guidelines 
of the National Comprehensive Cancer Network 
(NCCN Guidelines® from October 2020), a test 
confirming the achievement of molecular remission 
should be performed using PCR and the material 
obtained from the bone marrow biopsy after con-
solidation is completed. Post-treatment follow-up 
should also include the evaluation of MRD by the 
means of PCR every 3 months for 2 years to detect 
molecular APL recurrence. It particularly applies 
to high-risk patients over the age of 60, patients 
with long breaks in consolidation therapy, and 
those who do not tolerate maintenance therapy. 
Clinical experience shows that the risk of disease 
relapse in low-risk patients who are in molecular 
remission after the consolidation is complete is low. 
Therefore, MRD monitoring may not be necessary 
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in these cases. If the test result is positive, the test 
has to be repeated within 2–4 weeks. If the second 
test is also positive, molecular recurrence of APL 
should be recognized and appropriate treatment 
initiated. If the result of the second test is nega-
tive, it is recommended to monitor the presence of 
MRD every 3 months for 2 years. The test should 
be carried out in the same laboratory to ensure 
the same level of sensitivity [85]. MRD monitor-
ing with NGS enables the examination of not only 
specific transcripts, but also potentially other 
RARA fusion transcripts [76]. The NGS method 
allows quantitative assessment of the MRD level, 
and thus an insight into the dynamics of MRD de-
crease/increase in patients with the classic form of 
APL and in the case of variant forms. Tests based 
on the detection of fusion show greater sensitivity, 
compared to tests based on the detection of spe-
cific fusion transcripts by means of PCR. It stems 
from the fact that leukemia cells have different 
expression levels and therefore different levels of 
certain transcripts. This can lead to an overesti-
mation or an underestimation of the MRD level. 
Different patients may have different expression 
levels of certain fusion transcripts, which affects 
the sensitivity of the MRD assays [76]. However, 
the high cost of the NGS studies is also important 
[86]. An alternative method of quantifying the bcr1 
and bcr3 transcripts of the PML-RARA fusion is 
the ddPCR. It shows a similar or higher sensitiv-
ity, as compared to the previously described PCR 
techniques. The main advantage of this method 
is absolute quantification and the ability to assess 
MRD when it is below the detection limit for other 
PCR methods [81].
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