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Acute promyelocytic leukemia (APL) represents a paradigm of precision medicine.

acute promyelocytic leukemia children

1. Epidemiology and Biology of Acute Promyelocytic
Leukemia in Childhood

Acute promyelocytic leukemia (APL) is a unique subtype of acute myeloid leukemia (AML) accounting for 5-10% of

all pediatric AML cases 1,

A higher incidence has been described in Italy, Spain, China, and Latin America, with the highest proportions of
APL (up to 50% of all AML cases) reported in Nicaragua and Argentina 284 The incidence becomes higher with
age with a peak in the fourth decade, while APL is particularly rare in infants (median age of pediatric cases is 9-12
years) 28, Data from a population-based study of SEER (Surveillance, Epidemiology, and End Results Program)
on demographics and epidemiology of 1397 patients with APL diagnosed between 1975 and 2008 in the United
States showed an incidence of 0.06 per 100,000 persons/year in the pediatric population (aged < 20 years) [,
Moreover, APL occurs equally in both males and females, and obesity has been recognized as a possible risk

factor (81,

Considered to be a rare disease, childhood APL has been traditionally treated borrowing adult protocols and, only

in the last two decades, dedicated pediatric protocols have been designed.

After the first description in 1957 [ in 1977 Rowley and colleagues identified the typical balanced chromosomal
translocation t(15;17)(q22;921). This represents a pathogenetic hallmark of APL and is detected in 95-98% of
cases [0 This translocation, joining the promyelocytic leukemia (PML) gene on chromosome 15 to the retinoic
acid receptor alpha (RARA) gene on chromosome 17, leads to an oncogenic fusion gene (PML-RARA) 11, |n
particular, the breakpoint of the RARA gene is located in its second intron, while three different breakpoints of the
PML gene (intron 6, exon 6, and intron 3) identify the most common breakpoint cluster regions (bcr-1, -2, and -3,
respectively), corresponding to different PML-RARA isoforms 12, While ber-1 (also known as “long” or “L” isoform)
and bcr-3 (also known as “short” or “S” isoform) account for the majority of APL cases (90-95%), bcr-2 represents
a more rare variant (also called “v”) 23 and no particular differences (apart from those related to ethnicity) are

known as to the different frequency of these isoforms between children and adults 14123],
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In normal conditions, PML interacts with p53 and it is critical for cellular senescence and tumor suppression
activities, while RARA interacts as a heterodimer with RXR and regulates transcription factors important for myeloid
differentiation €. In APL, the PML-RARA fusion oncoprotein is responsible for the myeloid differentiation block at
the promyelocyte stage [17. The combination of all-trans retinoid acid (ATRA) and arsenic trioxide (ATO) allows the
proteasomal degradation of the oncoprotein via its ubiquitination and finally reactivates the transcription of RARA
target genes [L8I191120] (Figure 1). Other mechanisms of action include the recruitment of caspases, the production
of reactive oxygen species, and the reformation of PML-nuclear bodies, whose architecture is disrupted by PML-

RARA fusion protein with critical consequences for normal cellular functions, such as self-renewal (24,

Differentiation block

t(15,17)

i

Figure 1. Acute promyelocytic leukemia (APL) biology and all-trans retinoic acid/arsenic trioxide (ATRA/ATO)
synergistic treatment. APL is the result of the balanced translocation between promyelocytic leukemia (PML) gene
on chromosome 15 and retinoic acid receptor alpha (RARA) on chromosome 17 leading to the fusion oncoprotein
PML-RARA and myeloid differentiation block at promyelocyte stage. The combination of ATRA and ATO leads to
ubiquitination and, ultimately, to proteasome degradation of the fusion protein, reactivation of the transcription of

RARA target genes, and finally granulocytic differentiation. Images were generated using BioRender.

| 2. Diagnostics, Clinical Features, and Risk Assessment

As aforementioned, the classical hallmark of APL is the cytogenetic translocation t(15;17), present in 95-98% of
cases, and detectable by the specific fluorescence in situ hybridization (FISH) probes, and more rapid molecular
biology techniques such as reverse transcriptase polymerase chain reaction (RT-PCR). However, a small
percentage of cases presents different RARA fusion partners, such as nucleophosmin (NPM1, 5q35), signal
transducer, and activator of transcription (STAT5B, 17qg21), factor interacting with PAPOLA and CPSF1 (FIP1L1,
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4q12), promyelocytic leukemia zinc finger (PLZF, now known as ZBTB16, 11g23) and nuclear matrix-mitotic
apparatus protein 1 (NUMAL, 11q13) [22l[231[24](25][26] These rare cases of “APL variant” are characterized by the
same clinical picture of classic APL but different sensitivity to ATRA/ATO combination 228! (Table 1).

Table 1. ATRA/ATO sensitivity data of the various RARA rearrangements mentioned in the text.

RARA Rearrangements Cytogenetic Translocations ATRA Sensitivity ATO Sensitivity

PML-RARA t(15;17)(q22;921) S S
FIP1L1-RARA t(4;17)(q12;921) | NA
NPM1-RARA t(5;17)(q35;921) S NA
NuMA-RARA t(11;17)(q13;921) S NA
STAT5b-RARA t(17;17)(q21;921) R R

ZBTB16-RARA t(11;17)(q23;921) R R

R, resistant; |, intermediate sensitivity; S, sensitive; NA, data not available.

The presence of Auer rods and hypergranular promyelocyte blast cells is typical of APL. Frequently, the bone
marrow classical morphology reveals promyelocytes with abundant Auer rods in multiple clusters (the so-called
“faggot cells”). In children, the higher incidence of the microgranular variant (M3v) is controversial. Indeed, in
pediatric APL, a higher incidence of the M3v has been reported (30% of pediatric APL vs. 15% in the adult
population [22)) but these data have not been confirmed by other studies 2231 Although the confirmation of the
diagnosis is typically based on PCR-based techniques, the immunophenotype study of classic APL is characteristic
with the absence or low expression of HLA-DR, CD34, CD11la, and CD11b, bright expression of CD33, and
heterogeneous expression of CD13 and CD117 in most cases. MPO is always positive with a high side scatter (22,

Conversely, M3v is frequently associated with the expression of CD2 and CD34 [221[32],

Despite its inclusion in the last European LeukemiaNet (ELN) 2017 recommendations under the umbrella of
favorable/low-risk AML subtype together with the core-binding factor (CBF) leukemias, APL represents a unique

disease with peculiarities in terms of clinical features and risk assessment 23,

The classical onset with a life-threatening coagulopathy characterized by severe and extended hemorrhages
makes APL one of the most challenging hematological emergencies, which can lead the patient to death unless an
adequate treatment is started 34, APL blasts express fibrinolytic proteins, procoagulant factors, and proteolytic
enzymes and have an increased ability to adhere to the vascular endothelium and secrete inflammatory cytokines,
which ultimately stimulate the expression of prothrombotic proteins by leukocytes and endothelial cells 22, This
thrombo-hemorrhagic disturbance creates a clinical picture resembling disseminated intravascular coagulation,

which can have different degrees of severity, ranging from laboratory alterations to life-threatening situations. The
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problem of early deaths (ED), defined as deaths occurring in the first 30 days after diagnosis, is, nowadays, one of
the hindrances towards the cure of APL patients 28, ED have been described to occur in approximately 10% of
APL patients treated with ATRA plus chemotherapy in large cooperative trials; however, registry studies suggest a
possible discrepancy with the “real world” situation, in which an ED rate up to 29% has been reported B4, The
leading causes of death are intracranial (as high as 70% of cases) followed by intrapulmonary hemorrhage 281391,
In children, serious bleeding episodes have been reported in up to 15% of cases, and up to 10% of fatal outcomes
in some series 4941421 ED has been associated with a high white blood cells (WBC) count. In fact, WBC count at
diagnosis is the strongest predictor of outcome and relapse in APL, so that patients are stratified according to the
Sanz-risk criteria as standard risk (SR) and high risk (HR), based on the presence of less or more than 10,000/uL
WBC, respectively 431,

3. Pitfalls and Hurdles of Childhood APL: Relapses and
Long-Term Sequelae

With the use of ATRA and ATO combination, APL relapses have become a rare entity, also in children 441,
Molecular studies on relapsed APL have been typically conducted using adult patient samples and helped to
identify the molecular landscape of ATRA-resistant clones retaining self-renewal activities and the contribution of
other genes, such as WT1, FLT3, and PML mutations 42481, No specific trials have systematically addressed the
appropriate therapy and management of relapses and future prospective trials are probably not feasible, especially
in children, because of the rarity of the event. However, sporadic case reports showed that ATO may be used for
achieving a second CR in pediatric cases, underlying that ATO resistance is almost absent, with the exception of
the aforementioned cases carrying PML mutations, with A216V as the predominant lesion 2. Moreover, GO, an
anti-CD33 humanized monoclonal antibody linked to the cytotoxic agent calicheamicin, has also been used with
successful results and is approved for children under two years old, at doses lower than 6 mg/m?2 48, Therefore,
patients achieving molecular remission may proceed to autologous stem cell transplant, while patients unable to
clear the molecular transcript should receive an allogeneic stem cell transplant 24!, Finally, tamibarotene, a
synthetic retinoid analog, can overcome ATRA resistance thanks to higher PML-RARA binding affinity, and appears

to be promising in the relapsed/refractory setting 22!,

Another important problem in the field of childhood APL is long-term sequelae. If the occurrence of cardiac toxicity
seems to be avoided with the newer anthracycline-free regimens, prolonged arsenic exposure may lead to skin
lesion (hyperpigmentation, keratosis, and squamous cell carcinoma), hypertension, diabetes mellitus, neurologic
effects, and urinary tract cancers (mainly involving the bladder) BY. The results of arsenic elimination
pharmacokinetics of the study by Zhou et al. and Li et al. seem to be promising, at least demonstrating that arsenic
does not last more than 24 months above the safety threshold set by the regulatory agencies B2l Moreover, the
post-remission treatment is now based on shorter ATO exposure (less than eight months as compared with the
three year post-remission strategy of the first Chinese study). Finally, in children, arsenic might cause an alteration
of growth and development, although available data are immature for evaluating long-term toxicities and we need

to wait for the results of the ongoing studies. However, the recent data of the oral formulation, showing a better
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toxicity profile and simpler administration modality as compared with the intravenous formulation, seem to be

particularly attractive for the younger population 23,
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