HEMATOL TRANSFUS CELL THER. 2024;46(4):553—569

HEMATOLOGY, TRANSFUSION AND CELL THERAPY

Joumal

www.htct.com.br

Special article

Diagnosis and management of acute promyelocytic &
leukemia: Brazilian consensus guidelines 2024 on behalf
of the Brazilian Association of Hematology, Hemotherapy

and Cellular Therapy

Lorena Lobo de Figueiredo-Pontes ©© “*, Luiz Fernando Bazzo Catto ab

Maria de Lourdes Lopes Ferrari Chauffaille , Katia Borgia Barbosa Pagnano “,
Maria Isabel Ayrosa Madeira °, Elenaide Coutinho Nunes °,

Nelson Hamerschlak/, Marcela Cavalcante de Andrade Silva ?,

Thiago Xavier Carneiro", Teresa Cristina Bortolheiro,

Tiago Thalles de Freitas’, Rosane Isabel Bittencourt ¥,

Evandro Maranhao Fagundes', Eduardo Magalhaes Rego™

& Hospital das Clinicas da Faculdade de Medicina de Ribeirao Preto, Universidade de Sao Paulo, Ribeirao Preto, SP, Brazil

® Translational Stem Cell Biology Branch, National Heart, Lung and Blood Institute, National Institutes of Health,
Bethesda, MD, USA

€ Escola Paulista de Medicina, Universidade Federal de Sao Paulo, Sao Paulo, SP, Brazil and Grupo Fleury, Sao Paulo, SP,
Brazil

4 Centro de Hematologia e Hemoterapia da Universidade Estadual de Campinas, Campinas, SP, Brazil

€ Unidade de Hematologia e Oncologia do Hospital das Clinicas da Universidade Federal do Parand, Curitiba, PR, Brazil
and Instituto Pasquini de Hematologia e Transplante, Hospital Nossa Senhora das Gragas, Curitiba, PR, Brazil

fHospital Israelita Albert Einstein, Sao Paulo, SP, Brazil

8 Hospital Universitdrio Professor Alberto Antunes da Faculdade de Medicina da Universidade Federal de Alagoas,
Maceid, AL, Brazil

b Universidade do Estado do Pard, Belém, PA, Brazil

IFaculdade de Ciéncias Médicas da Santa Casa de Sao Paulo, Irmandade da Santa Casa de Sdo Paulo da Santa Casa de
Sao Paulo, Sao Paulo, SP, Brazil

J Hospital Sao Rafael, Salvador, BA, Brazil

X Hospital de Clinicas de Porto Alegre, Porto Alegre, RS, Brazil

1Servico de Hematologia do Grupo Oncoclinicas, Belo Horizonte, MG, Brazil

™ Faculdade de Medicina, Universidade de Sao Paulo, Sao Paulo, SP, Brazil

* Corresponding author at: Faculdade de Medicina de Ribeirao Preto, Universidade de Sao Paulo, Av. Bandeirantes, 3900, Campus da
USP, Monte Alegre 14049-900, Brazil.
E-mail address: lorenafigdo@usp.br (L.L. de Figueiredo-Pontes).
https://doi.org/10.1016/j.htct.2024.05.002
2531-1379/© 2024 Published by Elsevier Espania, S.L.U. on behalf of Associacdo Brasileira de Hematologia, Hemoterapia e Terapia Celular.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



554

HEMATOL TRANSFUS CELL THER. 2024;46(4):553—-569

ARTICLE INFO

ABSTRACT

Article history:

Received 6 May 2024
Accepted 6 May 2024
Available online 18 May 2024

Keywords:

Acute promyelocytic leukemia
APL coagulopathy
Differentiation syndrome
ATRA

ATO

Improvements in clinical assessment have occurred since the last published recommenda-
tions on the diagnosis and treatment of acute promyelocytic leukemia in 2013. Here, a com-
mittee of specialists of the Brazilian Association of Hematology, Hemotherapy and Cellular
Therapy presents a comprehensive review on the current knowledge, focusing on the
advances in diagnosis, risk assessment, and frontline and salvage therapy. The concept of
urgent diagnosis is explored as well as the management of critical situations such as coa-
gulopathy and differentiation syndrome. Recent adjustments in risk stratification based on
white blood cell counts only are presented together with the incorporation of chemo-free
regimens for non-high-risk patients. Special conditions such as acute promyelocytic leuke-
mia in children, the elderly and pregnant women are discussed. Finally, acute promyelo-
cytic leukemia is presented as a highly curable disease because of the real possibility of
targeted therapy towards differentiation, and, paradoxically, as a serious and urgent condi-
tion that deserves prompt recognition and management to avoid early mortality.
© 2024 Published by Elsevier Espana, S.L.U. on behalf of Associagao Brasileira de Hematolo-
gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Acute promyelocytic leukemia (APL), a distinct subtype of
acute myeloid leukemia (AML), is characterized by a specific
chromosomal translocation involving the retinoic acid recep-
tor alpha (RAR-a) gene on chromosome 17 and the presence
of abnormal promyelocytes in the bone marrow."? APL is usu-
ally associated with a complex coagulopathy which may
cause severe bleeding, with intracerebral and pulmonary
hemorrhages being the main causes of death both prior to
and at the beginning of therapy.

The fusion protein PML:RARA forms complexes with
diverse classes of proteins, enhancing its association with core-
pressors and functioning as a repressor that remains unaf-
fected by physiological concentrations of all-trans retinoic acid
(ATRA; tretinoin). Consequently, it inhibits the transcription of
multiple genes involved in myeloid differentiation by altered
recruitment of histone deacetylases. ATRA triggers the protea-
some-mediated degradation of PML::RARA and transcriptional
activation, leading to differentiation. Additionally, arsenic tri-
oxide (ATO), more recently introduced in APL therapy, induces
post-transcriptional modifications in the second B2 domain of
PML, resulting in the restoration of nuclear bodies and degrada-
tion of PML::RARA.?

Epidemiologically, APL accounts for approximately 5-10 %
of all AML cases, with a slight predilection for adults over chil-
dren and the elderly. The incidence rates vary across different
populations, with the highest reported rates in Latin America
(20—25 % of AML cases), followed by Asia and Europe. Cases of
therapy-related APL are uncommon, with a relative frequency
close to 5 % and a markedly shorter latency time to diagnosis
and similar prognosis when compared to those with de novo
APL. APL shows no gender predilection and affects individuals
across a wide age range, although it is more common in mid-
dle-aged adults.*”

Incorporating ATRA in the treatment of APL has had a
transformative impact on the management and prognosis of

this disease. ATRA represents a noteworthy advancement in
cancer treatment, serving as a prime example of targeted
therapy at the molecular level. The addition of ATO, known
for its potent biological activity in APL, has further improved
clinical outcomes.®” Multicenter clinical trials have demon-
strated survival rates exceeding 70 %. A successful cure of
APL patients depends not only on the effective utilization of
combination therapies that incorporate differentiating and
traditional cytotoxic agents but also on comprehensive sup-
portive care measures tailored to the unique biology of the
disease and the potential complications associated with tar-
geted molecular therapies.

Additionally, it is crucial to recognize the diagnostic suspi-
cion of APL as a medical emergency since it implies immedi-
ate initiation of ATRA therapy, prompt genetic diagnosis, and
interventions to manage the coagulopathy.

From its first description in 1957 as a fatal acute hemor-
rhagic disease until the present day when molecularly targeted
therapy is available, APL has gone from highly fatal to a highly
curable leukemia especially due to the incorporation of target
and non-chemotherapy-based treatment. There are excellent
reviews and clinical guidelines addressing the management of
APL.° In Brazil, the last published recommendations on APL
management date from 2013, when the association of ATRA
and ATO was not a current practice.10 Therefore, the creation
of a Brazilian consensus is particularly needed because:

1) APL is a peculiar subtype of AML that requires specific
treatment;

2) in Brazil, APL is treated in specialized centers and non-spe-
cialized centers, and the incorporation of ATO is relatively
new; and

3) in addition to the recent remarkable outcomes achieved by
current treatment of APL, the critical aspects of APL man-
agement must not be underestimated.

In this article, we describe the principles of diagnosis and
management of APL, considering the Brazilian healthcare set-
ting.
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Table 1- APL with recurrent genetic abnormalities
(requiring >10 % blasts in BM or PB).

APL with t(15;17)(q24.1;q21.2)/PML::RARA

APL with t(1;17)(q42.3;q21.2)/IRF2BP2::RARA;

APL with t(5;17)(q35.1;q21.2)/NPM1::RARA;

APL with t(11;17)(q23.2;q21.2)/ZBTB16::RARA;

APL with cryptic inv(17) or del(17)(q21.2q21.2)/STAT5B::RARA;
STAT3::RARA;

other genes rarely rearranged with RARA: TBL1XR1 (3926.3); FIP1L1
(4q12); BCOR (Xp11.4).

Acute promyelocytic leukemia diagnosis
Current definition of acute promyelocytic leukemia

According to the recent International Consensus Classification
on Myeloid Neoplasms, similar to all recurrent genetic abnor-
malities in AML [except for AML with t(9;22)(q34.1;q11.2)/BCR::
ABL1], APL diagnostic criteria are currently recognized with the
presence of at least 10 % of blasts in the bone marrow or blood
plus specific genetic abnormalities.”'" Two distinct subtypes
[APL with classic t(15;17)(q24.1;921.2)/PML::RARA and APL with
other recurring RARA translocations] are included in AML with
recurrent genetic abnormalities (Table 1).

The genetic alteration is directly related to impairment of
myeloid maturation at the promyelocyte stage, often resulting
in the accumulation of blasts with the appearance of abnormal
promyelocytes in the bone marrow and/or peripheral blood,
along with consequent cytopenias as well as a typical coagul-
opathy that manifests as a high risk of bleeding and requires
rapid diagnosis and treatment to prevent early fatality.

Initial clinical and laboratorial workup of patients with
suspected acute promyelocytic leukemia

The initial workup for the diagnosis of APL requires clinical
information, medical history and physical examination com-
bined with morphology of the cells, immunophenotyping,
karyotype analysis and molecular genetic testing, as reviewed
below. 13

Clinical complaints

Patients with APL usually complain of fatigue or weakness
due to anemia and fever caused by infection related to neu-
tropenia and bleeding. The medical history includes patients
age, sex, ethnicity, history of any previous hematologic disor-
der or predisposing condition, prior malignancy, exposure to
radiotherapy, chemotherapy or immunotherapy or toxic sub-
stances; and confounding factors, such as recent growth fac-
tor therapy, or medications that may mimic acute leukemia.
Additionally, family history of any hematologic disorder or
malignancy is important information for an occasional diag-
nostic qualifier. Rare cases have extramedullary involvement.

Complete blood count and morphology of cells

The starting point for the workup is the complete blood count
and the inspection of a peripheral blood smear. Most patients
(70 %) present pancytopenia with cells resembling abnormal

promyelocytes with eccentric and bilobed nucleus, folded
contour and prominent nucleolus. The cell cytoplasm
presents irregular azurophilic granules and Auer rods, some-
times containing bundles of Auer rods, called Faggot cells
(hypergranular variant). Some cases have leukocytosis
instead of leukopenia, and the microgranular variant. The
microgranular or hypogranular variant shows paucity or
absence of granules and bilobed nuclei. Classically, the white
blood cell (WBC) count at presentation is a prognostic factor,
differentiating patients into high- (WBC count >10x10%/uL)
versus intermediate- and low-risk groups, further stratified
according to platelet count (WBC count <10 x 10%/uL and
platelet count above or below 40 x 10%/uL). More recently,
only the WBC is considered for risk-based treatment deci-
sions. Anemia and thrombocytopenia are frequent and if the
values of hemoglobin and platelets are dangerously low,
immediate transfusions are indicated.

Bone marrow aspiration

A fresh bone marrow (BM) aspiration is necessary for morpho-
logic evaluation, immunophenotyping and for G-banding kar-
yotype. Marrow aspirate smears stained with Giemsa,
Wright-Giemsa, May-Grunwald-Giemsa, or others, are opti-
mal for blast enumeration, differential cell counts and mor-
phology analysis. These smears usually show a hypercellular
marrow and confirm the presence of atypical promyelocytes
with the morphology described above. The number of blasts/
promyelocytes are >20 % in most APL cases, however diagno-
sis of APL may be concluded in the presence of t(15;17)(q24.1;
q21.2) or PML::RARA even when blasts/promyelocytes <10 %.?

Immunophenotyping

A multiparametric flow cytometry immunophenotyping
panel should be sufficient to distinguish APL from other AML
subtypes. Atypical promyelocytes show positive expression
of CD13, CD33 and CD117; and low or negative CD34, CD11b,
and HLA-DR. Some AML cases may mimic APL but can usually
be distinguished by the CD2, CD13, CD34, CD64, and MPO
expressions. One of the most challenging differential diagno-
ses has to be made with AML with the NPM1 mutation that
resembles APL because of HLA-DR-negative blasts; therefore,
all leukemia cases lacking HLA-DR expression need molecular
exclusion of the PML::RARA rearrangement.

Karyotype

G-banding karyotype is mandatory and allows the diagnosis
of APL in most cases. The BM sample must be collected in
heparin and sent immediately to the laboratory. Karyotype
frequently shows the balanced translocation t(15;17)(q24.1;
g21.2), corresponding to the molecular PML (promyelocytic)
and RARA (retinoic acid receptor alpha) gene fusion. Addi-
tional chromosomal aberrations are seen in more than 40 %
of cases, such as trisomy of chromosome 8, deletion of 7q,
among others, which do not affect the prognosis.’* Rarely,
there may be variant translocations or fusions involving the
RARA gene, such as t(5;17)(q35;q12—21) or NPM1:RARA, t
(11;17)(q23;q21) or ZBTB16 (former PLZF):RARA, t(11;17)(q13;
g21) or NUMA:RARA, del(17) or inv(17)(q21.2q21.2) or STAB5::
RARA or STAT3:RARA, t(1;17)(q42.3;q21) or IRF2BP2:RARA,
besides TBL1XR1(3q26), FIP1L1 (4q12), BCOR (Xp11.4), all
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classified as APL with RARA rearrangements.' Not all of these
fusions are detected by conventional cytogenetics but by
molecular methods. Karyotype is normal in <10 % of APL
cases due to cryptic or masked translocations and in these sit-
uations FISH, real-time quantitative polymerase chain reac-
tion (RT-qPCR) and/or genomic testing may complement the
investigation.™®

Fluorescent in situ hybridization

The utility of fluorescent in situ hybridization (FISH) should be
considered in the context of the case. FISH for the PML::RARA
rearrangement may be carried out with peripheral blood or
BM samples and offers detection of the PML::RARA transloca-
tion within hours (< 24 h). Thus, it could be ordered when in
need of a fast diagnosis, or when cytogenetic analysis is sub-
optimal due to poor chromosome morphology or has insuffi-
cient growth. Rare cases may show variant fusions as well.

Molecular genetic testing

Real time quantitative polymerase chain reaction. Real time
quantitative polymerase chain reaction (RT-qPCR) is the gold
standard method for diagnosis and treatment monitoring.
The test allows the rapid amplification of the specific segment
of cDNA and the quantification of its generation in the gPCR
assay. Depending on the breakpoint location on chromosome
15, three isoforms can be detected: long (bcrl, intron 6), vari-
ant (bcr2, exon 6) or short (bcr3, exon 3). Sporadic cases may
present atypical isoforms not detected by conventional pri-
mers. In these situations, it may be necessary to sequence the
fusion gene. At diagnosis, this test may be done using BM or
peripheral blood samples, but for monitoring most protocols
suggest using BM samples only.

Next generation sequencing. Next generation sequencing (NGS)
or massive, parallel, high throughput sequencing is a revolu-
tionary method of DNA and RNA sequencing. The workflow
consists of library preparation, sequencing and data analysis.
The clinical use of NGS has increased in the last decade. It has
shown a mutational landscape in APL different from other
AMLs. The PML::RARA abnormality is not able to trigger the leu-
kemic phenotype alone. Additional somatic mutations occur in
other genes such as the FLT3, WT1, NRAS and KRAS genes.
Around 70 % of patients harbor one to two somatic mutations
in addition to PML:RARA. Mutations in genes associated with
signaling pathways (FLT3, N/KRAs), tumor suppression (WT1),
chromatin organization (ARID1B, ARID1A), oncogenes (SALL4,
MD12, NSD1), DNA methylation (DNMT3A, IDH1/2, TET2), NPM1,
and epigenetic regulation (ASXL1) are described.” The FLT3
internal tandem duplication (ITD) and tyrosine kinase domain
(TKD) mutation, as D835, are the most frequent co-occurring
events but with controversial prognostic implications and it is
not recommended to change therapy in these cases. However,
at relapse APL patients frequently show additional mutations,
mostly acquired during the course of the disease. Point muta-
tions in the PML:RARA fusion gene may also appear in relapse.
In this scenario, NGS is being recommended for refractory and
relapsed cases.

The procedures and tests required to diagnose AML,
including APL, are detailed in Table 2. All options described in

Table 2 - Tests to establish APL diagnosis.

Medical history

Demographics and medical record

Family history

Analysis of comorbidities
Morphology

Peripheral blood count and differential count®

Bone marrow aspirate and smear”

Myeloperoxidase (cytochemistry)®
Flow cytometry

Bone marrow aspirate and smear?
Genetic analysis

Conventional karyotype ©

Fluorescent in situ hybridization®

RT-PCR of PML:RARA

Immunofluorescence with anti-PML monoclonal antibody®
Additional tests

Performance status

Geriatric assessment”

Coagulation tests and biochemistry’

Screening for hepatitis B, and C, HIV

RB-HCG test

Lumbar puncture®

Reproductive counseling'

At least 100 nucleated cells should be counted.

At least 300 nucleated cells should be counted.

Highly helpful for the diagnosis of APL.

Can increase the accuracy of morphological analysis. Frequently, the APL
blasts show SSC high, CD45 int, CD34-, HLA-DR-, CD117+/-, CD13 +, CD33++,
CD15-, CD11b-. The morphological hypogranular variant commonly expresses
CD2.

€ Atleast 20 bone marrow metaphases should be analyzed to define abnor-
mal karyotype, including RARA rearrangements.

f If analyzable metaphases are not available, fluorescence in-situ hybrid-
ization (FISH) serves as an alternative approach for detecting genetic
abnormalities.

& Highly specific for the presence of PML::RARA fusion, the blast cells dem-
onstrate > 30 dots in the nuclei (microspeckled staining pattern). The test is
also positive for other RARA rearrangements.

B Recommended for all patients > 60 years.

I Includes: glucose, creatinine, urea, sodium, potassium, phosphorous,
magnesium, calcium, uric acid, aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase, lactate dehydrogenase, bilirubin (total and
fractions), prothrombin time (PT), activated partial thromboplastin time
(aPTT), d-dimers, fibrinogen.

J Woman in reproductive age.

¥ Indicated in patients with stroke or presenting with clinical symptoms
suggestive of central nervous system (CNS) involvement. Patients should be
evaluated with CT or MRI previous to lumbar punction.

! Cryopreservation of oocyte or sperm should be done in accordance with
patient choice and clinical condition.

a0 o o

the genetic analysis in Table 2 are equally specific to diagnose
APL.®’ Conventional karyotype is less efficient than the other
techniques since it requires enough metaphases for analysis.
The results of FISH and immunostaining with anti-PML
monoclonal antibodies are usually fast and useful to diagnose
patients with APL that lack the conventional PML:RARA
fusion. Nevertheless, it is essential to note that these techni-
ques should not be considered substitutes for reverse tran-
scription polymerase chain reaction (RT-PCR), as this
technique enables the identification of the specific RARA rear-
rangements and serves as the gold standard for evaluating
minimal residual disease.®’

Coagulation studies. Patients with APL are at risk of dissemi-
nated intravascular coagulation with fibrin degradation
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products, high d-dimer level and low fibrinogen. Coagulation
tests are recommended, including prothrombin time (PT),
activated partial thromboplastin time (aPTT), fibrinogen, and
D-dimers. Coagulopathy is consistent with elevated partial
thromboplastin time, PT, D-dimers and hypofibrinogenemia
besides thrombocytopenia. As fibrinogen is an acute phase
protein, it may take some time to decrease, so the other
parameters may already be low while fibrinogen is still nor-
mal. Nevertheless, decreased levels of fibrinogen and pro-
longed PT represent the most reliable parameters for
predicting bleeding.’®~*?

Acute promyelocytic leukemia treatment
Supportive measures

All-trans retinoic acid initiation for suspected acute
promyelocytic leukemia

ATRA should be initiated immediately after the minimum
suspicion of APL diagnosis to counteract the disease-associ-
ated risk of bleeding. ATRA does not have a deleterious effect
in treating other AML subtypes and its early introduction may
prevent death by hemorrhage since it improves the manifes-
tations of APL coagulopathy. Based on this, treatment with
ATRA should be initiated without delay for suspected APL
patients and thus should not wait for molecular APL diagno-
sis. If molecular confirmation is obtained, treatment includ-
ing ATRA is continued. In contrast, if typical APL with t(15;17)/
PML:RARA is excluded, therapy is adjusted to classical AML
protocols.

Support interventions to mitigate acute promyelocytic leukemia
coagulopathy

Approximately 5 % of APL patients are ineligible for treatment
due to fatal or life-threatening hemorrhages that occur prior
to the initiation of treatment.”” On this basis, the European
LeukemiaNet recommends the use of cryoprecipitate, fresh
frozen plasma, and platelets in order to counteract the coa-
gulopathy. The goal is to sustain fibrinogen above 150 mg/dL,
platelet count >50x 10%/uL, and PT and aPTT below 1.5.
Replacement therapy should be continued throughout the
induction therapy phase until all clinical and laboratory indi-
cations of coagulopathy have been resolved.®’

The prophylactic use of heparin, tranexamic acid, and
epsilon-aminocaproic acid is not recommended.

Invasive procedures, such as central venous catheteriza-
tion and lumbar puncture, should be avoided during the
induction phase because of the high hemorrhagic risk during
the initial phase of APL treatment.®”’

Management of hyperleukocytosis (white blood cell count >10 x
10%/ul)

APL patients usually present with pancytopenia. However,
sometimes they may present with leukocytosis (defined here
as a WBC count >10 x 10%/uL) or an increase in the WBC count
may occur during the induction phase of treatment with
ATRA and/or ATO. In order to control hyperleukocytosis at
presentation, cytoreduction using chemotherapy with idaru-
bicin or daunorubicin should be started promptly in

association to ATRA and ATO. Hydroxyurea (Hu) may be used
for patients who present or develop leukocytosis after the ini-
tiation of therapy with ATRA and ATO to keep the WBC count
below 10 x 10%*/uL. The following recommendation applies as
a dosing guide: WBC count 10-50 x 10%/uL, Hu 500 mg 4 times
a day and WBC count >50 x 10%/uL, Hu 1000 mg 4 times a day.
Leukapheresis should be avoided because of the risk of fatal
hemorrhage.

Central nervous system prophylaxis

The most common site of extramedullary disease and relapse
in APL is the central nervous system (CNS).”>*? Patients with
neurologic symptoms should be investigated for CNS involve-
ment, although lumbar puncture should be avoided in the
early phases of coagulopathy, if possible. There is an
increased incidence of CNS involvement in patients with
hyperleukocytosis”® however, whether CNS prophylaxis in
this group should be applied remains controversial; it is not
mandatory in current practice.” In general, it is advisable to
postpone CNS prophylaxis until achieving complete remis-
sion (CR) because lumbar puncture can be hazardous at diag-
nosis and while coagulopathy risk persists.

Treatment approaches

Based on the trials of the PETHEMA (Spanish Cooperative
Group - Programa Espanol de Tratamientos en Hematologia)
and GIMEMA (Italian cooperative group - Gruppo Italiano
Malattie Ematologiche dell’Adulto) groups, after remission
induction, consolidation treatment has classically been
adapted according to risk categories (low-, intermediate-, or
high-risk).>* Low- and intermediate-risk categories (present-
ing platelet counts greater and lower than 40 x 10%/uL, respec-
tively) are characterized by WBC counts <10 x 10%/ulL at
presentation. Patients presenting with WBC counts >10 x 10%/
uL are considered to be high-risk. More recently, the prognos-
tic value of the WBC count at diagnosis has been recognized
as the most important as it is associated not only with overall
survival (OS) and relapse-free survival but also with rates of
death and life-threatening complications before or during
induction. Therefore, APL is currently stratified into two cate-
gories: high-risk (WBC count >10 x 10%/uL) and low-risk (WBC
count <10 x 10*/uL), regardless of the platelet count.

Although differentiation therapy with ATRA and ATO is
the rule for typical APL with t(15;17)/PML::RARA, in cases of
rare RARA translocations, the sensitivity to those agents
varies according to RARA rearrangements. For example, cases
with t(11;17)/ZBTB16:RARA or der(17)/STAT5b:RARA are
poorly responsive to ATRA and ATO.

Non-high-risk patients (white blood cell count <10 x 10%/uL)

All-trans retinoic acid plus chemotherapy. ATRA is the main-
stream drug in the treatment of APL since its first successful
use in a refractory Chinese case in 1985. At that time, the first
results that demonstrated CR in all patients treated with
ATRA were disseminated.”® Despite the benefit of complete
response, ATRA monotherapy was insufficient to promote
long-term remission. Subsequently, APL treatment was
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improved by combining cytotoxic chemotherapy with
ATRA.26729

Thus, front-line treatment consists of ATRA and anthracy-
cline-based chemotherapy.

Sanz et al. compared the treatment outcomes of 350
patients enrolled in the PETHEMA/HOVON LPA2005 with 175
in the Latin-American IC-APL 2005 trials.>°>? Treatment in
the two protocols was identical except for the replacement of
idarubicin by daunorubicin due to its greater availability and
lower cost in the participating countries. Briefly, induction
therapy in the PETHEMA trial consisted of oral ATRA 45 mg/
m?%day until morphologic CR and intravenous idarubicin
12 mg/m2 on days 2, 4, 6 and 8. The fourth idarubicin dose
given on day 8 was omitted in over 70-year-old patients. For
under 20-year-old patients, the ATRA dose was adjusted to
25 mg/m?. Patients in CR received three monthly risk-adapted
consolidation cycles with ATRA (45 mg/m?%day for 15 days)
and chemotherapy according to previously defined risk cate-
gories. For low-risk patients, the first cycle consisted of idaru-
bicin (5 mg/m?day for 4 days), the second of mitoxantrone
(10 mg/m?/day for 3 days) and the third of idarubicin (12 mg/
m?/day for 1 day). Intermediate-risk patients received a rein-
forced dose of idarubicin in the first cycle (7 mg/m?*day) and
third cycle (12 mg/m?%day for 2 days). For patients who
achieved CR after the third course of consolidation mainte-
nance therapy with oral mercaptopurine (50 mg/m?%day),
intramuscular or oral methotrexate (15 mg/m?%week) and oral
ATRA (45 mg/m?/day for 15 days every 3 months) was given
over 2 years. Central nervous system prophylaxis was not
given.

The PETHEMA/HOVON cohort demonstrated a signifi-
cantly higher CR rate of 94 % than the IC-APL cohort’s 85 % (p-
value = 0.002). The distribution of causes of induction failure
and the time required to achieve CR were similar in both
cohorts. Patients who achieved CR had comparable cumula-
tive incidence of relapse and disease-free survival (DFS) rates
in both cohorts. However, the IC-APL cohort showed lower OS
and event-free (EFS) survival rates, primarily due to a higher
death rate during induction and consolidation therapy. This
study indicates that daunorubicin and idarubicin exhibit
comparable antileukemic efficacy.*

All-trans retinoic acid plus arsenic trioxide. The combination of
ATO and ATRA is currently the standard of care for non-high-
risk patients. Two randomized trials confirmed the superior-
ity of ATO plus ATRA over ATRA plus chemotherapy.

The initial trial was a non-inferiority study, conducted by
the Italian cooperative group Gruppo Italiano Malattie Emato-
logiche dell’Adulto (GIMEMA) in collaboration with the Ger-
man-Austrian AML Study Group (AMLSG) and Study Alliance
Leukemia (SAL) cooperative groups, that compared the effec-
tiveness of ATRA plus ATO versus ATRA plus chemotherapy
in patients with low-to-intermediate risk APL (WBC count <10
x 10%/uL). Patients were randomly assigned to one of two
treatment groups: 1) ATRA plus ATO for induction and consol-
idation therapy, or 2) standard ATRA plus idarubicin induc-
tion therapy plus three cycles of consolidation therapy with
ATRA plus chemotherapy, along with maintenance therapy
using low-dose chemotherapy and ATRA. The results demon-
strated that ATO plus ATRA, without chemotherapy, was not

inferior and possibly superior to the ATRA plus chemotherapy
regimen in terms of EFS and OS. ATO plus ATRA showed less
myelosuppression and fewer infections, but it led to more fre-
quent elevations in liver enzymes and QTc prolongation. The
update of this trial, analyzing an extended series of patients
with a median follow-up of 40.6 months, revealed that the
EFS and OS benefits of ATRA plus ATO continued to improve
over time. The ATO plus ATRA group exhibited a significantly
lower cumulative incidence of relapse and higher OS and EFS,
providing further evidence of the superior efficacy of this
treatment.

A subsequent trial conducted by the National Cancer
Research Institute (NCRI) cooperative group compared ATRA
plus chemotherapy with ATRA plus ATO, employing an atten-
uated ATO schedule in newly diagnosed APL patients. This
study included all APL risk groups and demonstrated signifi-
cantly better relapse-free survival, but no benefit in OS was
observed.*"?*

A real-world evidence study looked for secondary malig-
nancies after treatment of APL patients with ATRA plus che-
motherapy or ATRA plus ATO. From 160 patients in the study,
54 were treated with ATRA plus idarubicin and 106 were
treated with ATRA plus ATO. The authors identified 11 cases
of secondary cancers, nine of them were induced with ATRA
plus Idarubicin and two received ATRA plus ATO. All cases
were diagnosed at least one year after APL diagnosis (16—125
months). Among the patients treated with chemotherapy
plus ATRA, the authors found the following secondary malig-
nancies: three patients with myelodysplastic syndrome
(MDS), two patients with breast cancer, one patient with vul-
var cancer, one patient with prostate cancer, one patient with
colon cancer and one patient with soft tissue sarcoma. Of the
two patients who developed secondary malignancies after
receiving ATRA plus ATO, one developed melanoma of the
skin and the other developed pancreatic cancer. The authors
concluded that ATRA plus ATO did not increase the risk of
secondary malignancies.®

Based on the long-term follow-up of the two randomized
trials, which show better outcomes and real world evidence
and no increased risk of secondary cancer, the combination
of ATRA and ATO is the standard of care in non-high-risk APL
patients since it may spare patients from using chemothera-
peutic drugs. In nations where ATRA plus chemotherapy is
more cost-effective than ATRA plus ATO, the conventional
approach of combining ATRA with chemotherapy remains an
option.”

High-risk patients (white blood cell count >10 x 10%/uL)
High-risk patients may be treated with ATRA plus chemother-
apy. In the two aforementioned trials (PETHEMA/HOVON
LPA2005 and IC-APL), high-risk patients received the same
doses of idarubicin as low-risk patients but combined with
cytarabine in the first (1000 mg/m?/day for 4 days) and third
cycles (150 mg/m?/8 h for 4 doses), as well as 5 days of mitox-
antrone instead of 3 in the second cycle. High-risk over 60-
year-old patients did not receive cytarabine and were treated
as intermediate-risk patients. The PETHEMA/HOVON
LPA2005 trial reported a CR rate of 83 % for high-risk patients
and cumulative relapse and OS rates at 3 years of 11 % and
79 %, respectively.®’
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More recently, strategies based on ATRA plus ATO have
been evaluated for high-risk patients. Nevertheless, addi-
tional drugs are added to the basic backbone evaluated for
non-high-risk patients. Two strategies for high-risk patients
have been tested: the combination of ATRA, ATO, and cytore-
ductive therapy, including gemtuzumab ozogamicin (GO); or
the combination of ATRA and chemotherapy.”

Two trials reported the results of the ATRA, ATO, and GO
combination in newly APL patients. In the NRCI AML17 trial,
high-risk APL patients received 6 mg/m? of GO on Day 1** and
in the MD Anderson Cancer Center Trial, high-risk patients
received 9 mg/m? of GO on Day 1.%° Both trials showed high
EFS and OS rates. However, the results reported in these stud-
ies did not show significant improvement compared to those
reported with ATRA and chemotherapy.>’~*?

The Australasian Leukaemia and Lymphoma Group (ALLG)
compared a historical ATRA-chemotherapy (APML3) protocol
with a prospective cohort treated with an induction therapy
consisting of ATRA, ATO, and idarubicin (6—-12 mg/m?
adjusted for age) followed by two cycles of consolidation with
ATRA and ATO, and two years of maintenance with ATRA, 6-
mercaptopurine, and methotrexate. After five years of follow-
up, the OS was 94 %, and DFS was 95 %. When compared with
APML3 data, the hazard ratios were as follows: 0.23 [95 % con-
fidence interval (95 % CI): 0.08—0.64; p-value = 0.002] for free-
dom from relapse, 0.21 (95 % CI: 0.07—-0.59; p-value = 0.001) for
DFS, 0.34 (95 % CI: 0.16—0.69; p-value = 0.002) for EFS, and 0.35
(95 % CI: 0.14—0.91; p-value = 0.02) for 0S.”* Taken together
these findings indicate that ATRA plus ATO and low dose
idarubicin is effective in low-risk APL as well as in high-risk
patients.

The Shangai group recently published the results of the
APL15 trial. In this non-inferiority multicenter trial, 128
patients were randomly assigned to two groups. One group
received ATRA plus ATO for induction, consolidation, and
maintenance, while the other group received ATRA plus ATO
in combination with chemotherapy for induction, followed by
three cycles of consolidation therapy and maintenance ther-
apy with ATRA plus ATO. The 2-year DFS and EFS rates in the
non-chemotherapy and chemotherapy groups in all-risk
patients were 98 % versus 97 % (p-value = 0.62), and 95 % ver-
sus 92 % (p-value = 0.39), respectively. In high-risk patients,
DFS and EFS were 94 % versus 87 % (p-value = 0.52), and 85 %
versus 78 % (p-value = 0.44), respectively. This study demon-
strated that ATRA plus ATO had the same efficacy as the
ATRA plus ATO plus chemotherapy in the treatment of
patients with all-risk APL.**

The lack of large, randomized trials precludes the recom-
mendation of the best therapy combination for high-risk APL
patients. Both ATRA plus chemotherapy and ATRA plus ATO
and low-dose chemotherapy seem to work well and may be
used based upon the availability of drugs and specificity of
the patient. When available, patients should be included in
prospective trials.

Maintenance after consolidation

The impact and, consequently, the indication for mainte-
nance in the treatment of APL depend fundamentally on two

aspects: the combination of drugs used in the initial phase of
treatment (ATRA plus chemotherapy versus ATRA plus ATO
with or without chemotherapy) and the patient’s risk stratifi-
cation at diagnosis (high-risk versus Intermediate-/low-risk).

After establishing the role of ATRA combined with chemo-
therapy, the 10129 study from the North American Intergroup
Protocol randomized patients to receive maintenance with
ATRA or observation after the initial phases. The study dem-
onstrated an advantage in terms of OS and DFS for the sub-
group that received maintenance.”” Subsequently, many
other cooperative trials were designed to assess the impact of
maintenance after initial treatment with ATRA plus chemo-
therapy. These trials used different strategies: continuous
versus intermittent ATRA (15 days of use every 3 months);
low-dose chemotherapy (6-mercaptopurine
90 mg/m2/q.d. plus methotrexate 15 mg/m? q.wk) with or
without ATRA or no maintenance. The vast majority of the
trials were able to demonstrate the role of maintenance in
reducing relapse rates and a trend towards a benefit in terms
of OS, especially for the association of intermittent ATRA plus
continuous chemotherapy.***® The APL 93 study randomized
576 newly diagnosed patients to different maintenance strat-
egies, and after a 10-year follow-up, it demonstrated a signifi-
cant reduction in the relapse rate when comparing the
subgroup without maintenance (43.2 %) to those who received
maintenance combining intermittent ATRA plus continuous
chemotherapy (13.4 %; p-value <0.001). Another important
finding was the demonstration that maintenance was espe-
cially beneficial for patients with a WBC count >5 x 10%/uL at
diagnosis, suggesting that the results of treatment may be
improved with the addition of maintenance in high-risk
patients.”’

On the other hand, some other trials questioned these
findings, especially for those patients who achieved complete
molecular response after consolidation phases.”®* A meta-
analysis published in 2013 assessed the role of maintenance
in the treatment of APL in the first CR. The systematic review
included ten randomized studies with 2072 patients, focusing
on three main comparisons: any type of maintenance versus
observation; ATRA-based maintenance versus non-ATRA
maintenance, and maintenance with ATRA alone versus
ATRA combined with chemotherapy. Despite limitations
related to the clinical heterogeneity of the studies, particu-
larly regarding the type of maintenance, the authors con-
cluded that there was no significant difference in OS between
the strategies. However, maintenance had a favorable impact
on DFS, and among the strategies, the combination of ATRA
plus chemotherapy seemed to be superior to the use of ATRA
alone.*

In the post-ATO era for the initial treatment of APL, main-
tenance seems to have lost its role, mainly in low- and inter-
mediate-risk groups, as evidenced by the APL0406 and AML17
trials. Both randomized a significant number of patients and
did not include maintenance in the treatment strategies. Nev-
ertheless, the relapse rates remained exceptionally low
throughout the follow-up period: 1.9 % in 50 months in the
first (including only low-/intermediate-risk patients)®® and
1 % in 4 years in the second (including patients of all risk lev-
els).’* Additionally, the S0521 cooperative study aimed to
evaluate the role of maintenance in newly diagnosed low-

continuous
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and intermediate-risk patients who received intensive post-
induction therapy containing ATO. Unfortunately, the study
was prematurely closed due to low enrollment and after a
median follow-up of 36.1 months, no relapses were observed
in any of the groups. OS for the entire cohort was 93 %.>"

In summary, the current recommendations regarding
maintenance depend on risk stratification and the use of che-
motherapy or ATO in addition to ATRA. For patients classified
as intermediate-/low-risk treated with a protocol using ATRA
plus chemotherapy, the role of maintenance is still controver-
sial due to low relapse risk, especially for those achieving
complete molecular remission at the end of consolidation.
However, for patients classified as high-risk, maintenance
seems to still play an important role in reducing relapse rates.
Furthermore, maintenance is not recommended for interme-
diate-/low-risk patients treated with a protocol using ATRA
plus ATO as relapse has become a rare event in randomized
studies with long-term follow-up. Currently, the role of main-
tenance in high-risk patients treated with ATRA plus ATO is
not clear, and studies analyzing this setting are ongoing.

Treatment complications
Differentiation syndrome

DS is a common and life-threatening condition that can occur
as a complication of treatment with ATRA or ATO. Both thera-
pies induce the differentiation of leukemic blasts into mature
cells and DS is an undesirable effect of these therapies. With
an incidence of 2.5-37 % in patients treated with ATRA or
ATO, it was first described in 1992.%6°?7>7

DS is characterized by a systemic inflammatory response
and capillary leak syndrome. Differentiation of APL blasts
induces the production of chemokines in the lung and ATRA
stimulates leukemic cells to migrate towards alveolar epithe-
lial tissues.”® Other inflammatory cells are attracted to this
process, exacerbating it. Furthermore, by inducing the expres-
sion of beta integrins ATRA facilitates blast adhesion to the
endothelium and subendothelium. Necropsy findings show
diffuse neutrophilic infiltration and alveolar hemorrhage in
the lungs, in addition to leukemia infiltration in several
organs.”~%°

Clinically, DS presents as dyspnea, pulmonary infiltrate on
X-ray, fever, pleural or pericardial effusion, acute renal fail-
ure, hypotension, weight gain and edema.>® Infectious and
cardiac etiologies must be ruled out, but if suspected, treat-
ment must be initiated promptly. More rare manifestations
include myocarditis, pericarditis, chest pain, pancreatitis,
myalgia, and ocular manifestations with decreased visual
acuity, retinal hemorrhage, and macular edema.

DS generally begins 7—12 days after starting ATRA treat-
ment but can occur in around 40 days. About 50 % of cases
occur in the first week of treatment and 50 % from the third
week. Laboratory changes include leukocytosis, increased
creatinine, and changes in troponin and pro-brain natriuretic
peptide. Pulmonary infiltrate can be seen on chest X-ray in
80 % of severe cases. Pulmonary infiltrate, pleural effusion
and ground-glass images or small pulmonary nodules can be
seen by chest computed tomography. Some studies have

shown that a WBC count >5—10 x 10%/uL, elevated creatinine,
and presence of coagulopathy are prognostic factors for the
development of DS. In a recent publication, DS was involved
in 12 early deaths (5.6 %) and thus was the second leading
cause. Of these deaths, four resulted from DS alone, and eight
were due to a combination of causes. The median time to DS-
related early deaths was 10 days (range: 2—18 days). DS-asso-
ciated deaths mainly occurred during the first weeks (10/12
-83.3 % of patients).°’ An incidence of DS was 5 % (18/180
patients) was reported in the Brazilian IC-APL study.*°

Steroids are used to prevent DS, but there is no prospective
evaluation of this benefit. Some protocols indicate prophy-
laxis if WBC count >5 x 10%/ulL or elevated creatinine
(>1.4 mg/dL). A study from the Australian group used 1 mg/kg
prednisone daily as prophylaxis for all patients treated with
ATO and there was only one case of DS.**

Cytoreductive agents (hydroxyurea, chemotherapy or GO)
can be used to control leukocytosis. The use of leukapheresis
is not indicated due to the risk of hemorrhage.

Treatment must be started immediately if DS is suspected.
In general, dexamethasone 10 mg every 12 h is used, in con-
junction with treatment for infectious conditions and heart
failure, when suspected. If there is no improvement after 24
h, the dose of dexamethasone can be increased to 10 mg every
6 h. ATRA and ATO should only be temporarily interrupted if
the DS is severe, with severe respiratory failure, renal failure
or when the patient requires admission to an intensive unit.
After the condition has resolved, treatment with ATRA or
ATO can be continued normally, within the protocol used to
treat APL. Dexamethasone should be maintained until com-
plete disappearance of signs and symptoms. Other support
measures must be associated to treat signs or symptoms of
fluid overload, dialysis, including mechanical ventilation,
depending on the severity of each case.®

Pseudotumor cerebri

Pseudotumor cerebri (PTC) is a rare complication of ATRA in
APL treatment, occurring more frequently in children.®* " In
a large series of 1034 APL patients enrolled in the PETHEMA
Group trials, (APL96, APL99 and APL2005), the incidence of
PTC was 3 % (30 cases during induction and 2 cases during
consolidation). There was a higher rate of PTC in patients
under 18 years old (13 %) and from 18 to 25 years, while in
over 50-year-old patients it was 0.3 %. The rate of recurrence
was 28 % after reinitiating ATRA.”? In 240 APL patients from
the Intergroup Protocol 0129 (10129), probable PTC occurred in
1.7 % of patients (ages: 4—24 years old) who received ATRA
45 mg/m?%day during induction or maintenance. The symp-
toms began 2—19 days after starting ATRA.”®> There are also
reports of PTC in patients treated with the ATRA plus ATO
combined regimen’* and rare reports of PTC secondary to
ATO.””

The following signs and symptoms suggest a diagnosis of
PTC: headache, blurred vision, diplopia, and nausea and vom-
iting with bilateral papilledema characterized by increased
intracranial pressure and the presence of papilledema, nor-
mal or diminished ventricles and normal cerebrospinal fluid
(CSF). Diagnosis is made by the presence of papilledema, nor-
mal neurologic exam except for cranial nerve abnormalities,
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normal neuroimaging without evidence of hydrocephalus,
mass, or structural lesion, and no abnormal meningeal
enhancement on magnetic resonance images or by contrast-
enhanced computed tomography, normal CSF composition,
and elevated lumbar puncture opening pressure (>250 mmHg
or >280 mmHg for non-obese children). The diagnosis may
also be made in the absence of papilledema if all of the above
criteria are satisfied and the patient has unilateral or bilateral
abducens nerve palsy. If there is neither papilledema nor a
sixth cranial nerve palsy, the diagnosis can be suggested, but
not confirmed with additional neuroimaging characteristics.
Headache, although a common symptom, is not one of the
criteria.”®’® In all cases there was an improvement of symp-
toms in 2—-28 days after the suspension of ATRA, which was
often reinitiated at a lower dose. Other therapies that have
been utilized include corticosteroids, acetazolamide, manni-
tol, glycerin, topiramate, and therapeutic lumbar
puncture.”>’>”” There is a report of the use of mannitol and
acetazolamide together with the suspension of ATRA to
decrease the CSF pressure thereby improving the headaches,
diplopia, nausea and vomiting in two days and improvement
of papilledema in seven days.”® Topiramate, an anticonvul-
sant and carbonic anhydrase inhibitor, may also be used in
cases not responsive to acetazolamide to improve
symptoms.”*

The temporary suspension of ATRA/ATO is recommended
when there is diagnostic suspicion of PTC in patients with
APL. Symptomatic drugs may be used to abbreviate symp-
toms. ATRA/ATO can be reintroduced after improvement of
the symptoms.

Response assessment and monitoring
Morphologic assessment post-induction

In the era of ATRA based treatment regimens, induction fail-
ures (failure to achieve morphological response) usually
account for less than 1 % of cases.’®’®' Morphological
remission (less than 5 % of marrow blasts) should be con-
firmed at blood count recovery (platelet >100x10%/uL and
neutrophils > 1.5 x 10%/uL)” or 28 days after starting induction
if no sign of count recovery.

Measurable residual disease

Measurable residual disease (MRD) negativity after consolida-
tion therapy is an essential goal of treatment. Due to kinetics
and terminal differentiation, post-induction PML::RARA posi-
tivity is common and should not change clinical decisions. In
a phase 3 study that compared ATRA plus ATO and ATRA
plus Idarubicin, 27 % of patients (20 out of 74) in the ATRA
plus IDA group remained MRD positive while 44 % (36 out of
82 maintained RT-qPCR positivity 60 days after induction.**
The adequate timepoint for assessing MRD using RT-PCR or
RT-gPCR is at marrow recovery at the end of consolidation.
Persistence of MRD positivity after consolidation or conver-
sion from MRD negative to positive as identified by RT-qPCR
is associated with morphologic relapse and is an important

tool to predict relapse free survival while allowing for pre-
emptive salvage treatment 2%

RT-gPCR is the preferable testing method because of
higher sensitivity; it is also less prone to contamination issues
and easier to standardize.®* Once molecular response is con-
firmed, the European LeukemiaNet guidelines for the man-
agement of APL state that monitoring for relapse is cost
effective principally for high-risk patients (WBC count
>10 x 10*/uL).®? Accordingly, the European LeukemiaNet MRD
consensus document suggests monitoring every three
months for 2—3 years after the end of consolidation only for
high-risk APL. A minimum detection threshold of one
mutated cell in 1000 cells (0.1 %) is recommended.*

Preferred sample

Bone marrow remains the preferred sample for MRD testing,
because of higher sensitivity and earlier positivity when com-
pared to peripheral blood.®” However, peripheral blood is a
reasonable alternative if used in shorter intervals (every 4—6
weeks). In the case of MRD conversion from negative to posi-
tive or when a 1log;, elevation occurs as determined by RT-
gPCR in patients that were previously stable, the result must
be confirmed using a bone marrow sample at least two weeks
after.”5>%

Special situations
Acute promyelocytic leukemia in children

APL occurs in 0.06 cases per 100,000 per year in the pediatric
population. This represents 5—-10 % of cases of AML in this pop-
ulation. It shows gender equivalence. Similar to adults, it occurs
more frequently in certain populations such as those in Latin
America, China, Spain, and Italy. Under 5-year-old children
have worse outcomes compared to those over 5 years old.?”*®

Treatment regimens are based on those performed in
adults with certain adaptations in the doses of ATRA due to
the increased risk of neurological complications, such as
pseudotumors, which occur in 15 % of cases compared to 3 %
in adults. Therefore, in all protocols using ATRA in combina-
tion with chemotherapy, the dose is reduced to 25 mg/m?%
day. Several multicenter studies, notably the Italian group
(GIMEMA) and the Spanish group (PETHEMA), using ATRA in
combination with idarubicin for induction followed by 3
cycles of consolidation associated with anthracyclines and
maintenance for two years with mercaptopurine, methotrex-
ate, and ATRA, showed excellent results. In the GIMEMA
study, 96 % of patients achieved CR with PML::RARA negativity
at the end of consolidation. OS was 89 %, and DFS was 75 %. Of
note, WBC count >10 x 10%/uL significantly reduced DFS.”*°

In this context, the PETHEMA group suggested that their
regimen used until 1996, with an induction scheme of ATRA
25 mg/m? divided in two doses until CR or 90 days, and idaru-
bicin 12 mg/m?/day on Days 2, 4, 6, and 8 followed by consoli-
dation (cycle 1: idarubicin 5 mg/m?day on Days 1 to 4; cycle 2:
mitoxantrone 10 mg/m?/day on Days 1 to 5; cycle 3: idarubicin
12 mg/m?%/day on Day 1) was reinforced for higher-risk cases
after 1999 during consolidation by the addition of ATRA
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25 mg/m? for 15 days and an increase in the idarubicin dose to
7 mg/m?/day on Days 1 to 4 in the first cycle and two consecu-
tive days in the third cycle. After completing consolidation
with PML::RARA negativity by RT-PCR, maintenance with mer-
captopurine 50 mg/m?day, methotrexate 15 mg/m?/week,
and ATRA 25 mg/m?/day for 15 days every three months was
carried out for two years, adapting doses to hematologic lev-
els and changes in transaminases. The results showed an OS
0f 91 % + 8 % and DFS of 89 % =+ 12 %.”

An important concern in children is to reduce cardiotoxic-
ity, which is linked to secondary neoplasms, because of their
long life expectancy. A study from the International Consor-
tium for Childhood APL evaluated a reduction in the dose of
anthracyclines from 650 mg/m? to 355 mg/m? for standard
risk and to 405 mg/m? for high risk without a significant
change in outcomes.®’

As in adults, several studies have demonstrated the safety
and efficacy of the combination of ATO and ATRA in children.
The main difference from adults is the reduction of the ATRA
dose to 25 mg/m? following the same scheme adopted by the
APL0406 study of adults. In high-risk patients, the use of low
doses of anthracyclines or GO plays a crucial role. Addition-
ally, a Chinese study has shown excellent results with an oral
formulation of ATO.**9"%2

Acute promyelocytic leukemia in older patients

The management of APL is particularly challenging in elderly
patients. General supportive measures should be given pay-
ing special attention due to the high risk of early mortality.
According to Swedish registry data, early mortality rates
reach up to 50 % among over 60-year-old patients compared
to 15 % in younger patients.”

Within this context, the ATRA plus ATO combination is
assumed to be even more beneficial for older patients due to its
lower hematological toxicity and infection rates. This comes
from limited, retrospective data, since over 70-year-old
patients are infrequently included in clinical studies.’* Accord-
ing to the AML17, the arsenic dosage can be safely adjusted to
twice weekly to prevent toxicity caused by this drug.**

Due to their underrepresentation in clinical studies, there
is greater controversy regarding the optimal strategy for high-
risk APL. In such cases, geriatric assessment could prove cru-
cial and should replace chronological age as a decision-mak-
ing factor. The assessment of geriatric domains, such as
physical capacity, functionality, and comorbidities, will iden-
tify the more vulnerable patients who may benefit from
exclusive treatment with ATRA plus ATO or from a combina-
tion with reduced doses of anthracyclines. The use of GO may
be particularly appropriate for patients with a high risk for
cardiac toxicity. Conversely, elderly patients without abnor-
malities in geriatric domains and compensated comorbidities
should be considered for standard high-risk APL treatment,
optimizing outcomes related to the control of the leukemia.’

Acute promyelocytic leukemia during pregnancy
The diagnosis of acute leukemia during pregnancy is a rare and

dramatic condition, with 1:100,000 pregnancies described.”®
APL during pregnancy is even more challenging due to its

clinical characteristics that include the potential coagulopathy
that may pose serious risks for both mother and fetus. The inci-
dence is not well established and only based on rare case
reports.””*® A recent systematic review included 53 reports of
individual cases, among which 92 patients were eligible for
induction therapy, either with ATRA (32 %), ATRA and anthra-
cycline (43 %), or anthracycline only;”® the CR rate was 89 %.7%°°

Besides the increased risk of maternal and fetal death,
intrauterine growth restriction, and malformations are addi-
tional risks when APL and pregnancy coexist so that the dis-
cussion needs to be discussed by the patient, family, and the
medical multidisciplinary team.®’°”-°® Medical termination of
pregnancy is usually contraindicated upon diagnosis due to
pancytopenia and coagulopathy, which are not controlled at
that moment.®’

If APL is diagnosed in the first trimester, therapeutic
options are quite limited, and the risk of miscarriage is higher
compared to the second or third trimesters (88 % versus
30 %).”® Although specific information regarding the teratoge-
nicity of ATRA is not available, this effect is well demon-
strated with other retinoids® and, therefore, it should be
avoided in the first trimester. Although anthracyclines may
also increase the risk of miscarriage, fetal malformations, and
low birth weight, chemotherapy is needed with the recom-
mended anthracycline being daunorubicin, due to its well-
known efficacy in APL, and the limited evidence against the
use of idarubicin that has a greater ability to cross the placen-
tal barrier.®'°° Considering the benefits of the ATRA associa-
tion with chemotherapy, the appropriate timing for
introducing ATRA should be discussed individually.®

In the second and third trimesters, ATRA should be initi-
ated immediately, as has been recommended by the Euro-
pean LeukemiaNet since 2009.° It can be used with relative
safety in the second and third trimesters of pregnancy with
no cases of fetal malformations, although delayed fetal
growth and fetal arrhythmia have been reported.**

ATO is genotoxic, teratogenic, and carcinogenic, as dem-
onstrated by studies in animal models and environmental
risk studies.”®10%13

Since it crosses the placental barrier, it is recommended to
avoid its use throughout pregnancy.® However, a report has
described the use of ATRA and ATO during pregnancy with a
favorable outcome for both mother and fetus, suggesting that
this is a question of debate considering that this combination
is currently the best therapeutic approach for APL.'**

Another challenge is the choice of delivery type, which
must be based on each patient’s conditions. Vaginal delivery
should be pursued whenever possible, as the risk of bleeding
is higher in cesarean section.'*

In summary, APL during pregnancy carries a high probabil-
ity of miscarriage, prematurity, low birth weight, and respira-
tory distress syndrome at birth.?® Fetal viability is strongly
influenced by gestational age, with a mortality rate of 87 % in
the first trimester, 33 % in the second, and 7 % in the
third.””*°® Pregnant women with adequate prenatal care can
be diagnosed early and may have a better prognosis.

In conclusion, despite the demanding management, a
multidisciplinary approach and careful monitoring of coagul-
opathy may offer a chance for CR and cure, regardless of ges-
tational age at diagnosis.
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Management of relapse

Although APL is a curable disease in more than 90 % of the
cases, approximately 10—-25 % of adult patients may relapse
after achieving CR.'*

Molecular relapse is defined as two successive RT-PCR
assays, with stable or rising PML::RARA transcript levels
detected in independent samples analyzed, ideally in two dif-
ferent laboratories. It normally precedes hematological
relapse and carries better outcomes when treatment is
started early (preemptive therapy). Hematological relapse
occurs when more than 20 % of blasts/atypical promyelocytes
are detected in a single BM sample or more than 5 % of blasts/
atypical promyelocytes are present in two BM samples two
weeks apart. Genetic confirmation should be performed with
any of the methods previously described (RT-PCR, FISH, or
conventional karyotype). Extramedullary relapse is a rare
phenomenon (3—5 % among all relapses) and can affect any
organ.’® Special attention must be given to the CNS, the
most affected site. The incidence of extramedullary manifes-
tations has been rising in the era of ATRA therapy. Some
authors postulate that this can be attributed to the effect of
ATRA on adhesion molecules which may result in increased
infiltrative capacity of APL blasts at the sanctuary sites.'”’
Documentation in skin, CNS (either imaging or spinal fluid),
or other sites is required as well as genetic confirmation by
any of the conventional methods.

Selecting salvage therapy for molecular or hematologic
relapse should consider the initial first-line treatment admin-
istered. Therefore, individuals experiencing relapse after
ATRA plus chemotherapy should undergo treatment using an
ATRA plus ATO-based approach until achieving MRD negativ-
ity. Conversely, for those who relapse follows ATRA plus ATO
treatment, an ATRA plus chemotherapy approach is the
appropriate choice. An exception to switching to an alterna-
tive initial treatment for relapsed patients can be considered

for those encountering a late relapse, defined as a relapse
occurring after more than two years in CR.

The main objective of salvage therapy is to achieve molec-
ular remission as a bridge to hematopoietic stem cell trans-
plantation (HSCT). Autologous HSCT should be considered as
the first choice for eligible patients achieving second molecu-
lar remission (undetectable MRD in the BM).”"'%%'°° However,
a recent report questions the role of transplantation, at least
in patients achieving molecular remission with ATO and
ATRA who do not have CNS disease at relapse and who have
received a full course of consolidation with ATO.**

Chakrabarty et al.'*° reported on 294 patients who received
either allogeneic transplant (n = 232) or autologous transplant
(n = 62) between 1995 and 2006. The 5-year DFS in the autolo-
gous transplant recipients was 63 % (range: 49—75 %) versus
50 % (range: 44—57 %) in patients receiving allogeneic trans-
plant (p-value = 0.1), and OS was 75 % (range: 63—85 %) versus
50 % (range: 48—61 % - p-value = 0.002). Treatment-related
mortality in patients receiving allogeneic transplant (30 %)
was higher compared to autologous transplant (2 %). There-
fore, the choice for autologous HSCT in MRD-negative
patients has been based on studies showing less toxicity and
similar survival as compared to allogeneic transplantation. In
contrast, patients failing to achieve molecular remission are
candidates for allogeneic HSCT with a matched sibling or
alternative donor (haploidentical, unrelated donor or cord
blood) (Figure 1).

Patients unsuitable for HSCT and those with a very pro-
longed CR can be managed with repeated cycles of ATO (e.g. 6
cycles) with or without ATRA and with or without chemother-
apy, considering previous treatments and clinical conditions.
For patients with CNS relapse, induction treatment consists
of weekly triple intrathecal therapy (ITT) with methotrexate,
hydrocortisone, and cytarabine until complete clearance of
blasts in the cerebrospinal fluid, followed by 6-10 more
spaced out ITT cycles as consolidation.”

DIAGNOSIS POST INDUCTION POST CONSOLIDATION FOLLOW-UP
Whole blood count
Bone marrow aspirate LOW RISK
AT DIAGNOSIS
Acute FmIZﬁ:vs)gome"y (bone == | Whole blood count
H (Monthly for 1 year)
Promyel i
o ye oc.yt c Karyotype (bone Whole blood count
Leukemia | marow
Whole blood count Bone marrow aspirate
PML::RARA =3
\ RT or RQ Bone marrow aspirate PML::RARA HIGH RISK
S PCR (bone marrow or RT or RQ PCR (bone AT DIAGNOSIS

peripheral blood)

FISH for PML::RARA
(selected cases)

Immunofluorescence
with anti-PML
monoclonal antibodyt

marrow) Whole blood count

Monthly for 1 year

PML::RARA

RT or RQ-PCR every 3
months (bone marrow)
for 2 years*}

Figure 1-Diagnosis and follow-up workup in acute promyelocytic leukemia. {Can be used for fast diagnosis. * Monthly PML::
RARA from peripheral blood is an alternative to bone marrow's evaluation. iIf RT-PCR positive or 1 log elevation in RT-qPCR,
test should be repeated in a new bone marrow sample (at least 2 weeks apart).
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DIAGNOSIS OF APL

( Non-high risk (WBC=10x 10°/L) )

(

\

/" Management of

coagulopathy

Fever, weight gain, hypolension,
\\yspnea/ acute renal failure—treat DS/ = * consider steroid prophylaxys for DS

( High risk (WBC210x10%/L) )

N

1. ATRA + ATO + anthracycline
2. ATRA + anthracycline

Response: morphological remission

INDUCTION 1. ATRA+ATO
2. ATRA + anthracycline
* Consider steroid prophylaxys for DS
CONSOLIDATION

1. ATRA + ATO
2. ATRA + anthracycline

Response: molecular remission

R ERaeE Non-high risk: no maintenance

High-risk: consider therapy for up to 2 Years (6-MP / MTX + ATRA 3/3 months)

PERSISTENCE/
RELAPSE
Salvage therapy:
ATRA + ATO (if ATRA + anthracycline in first line)
ATRA + anthracycline (if ATRA + ATO in first line)

PML::RARA negative — autologous HSCT
PML::RARA positive — allogeneic HSCT

Figure 2 -Overview of acute promyelocytic leukemia (APL) management according to the Brazilian Hematology Committee
recommendations. WBC: white blood cell; ATRA: all-trans-retinoic acid; ATO: arsenic trioxide; DS: differentiation syndrome; 6-
MP: 6-mercaptopurine; MTX: methotrexate; HSCT: hematopoietic stem cell transplantation.

Conclusions - current outcomes and perspectives

APL is a very common subtype of AML in Latin American
countries, unique for its maturation arrest in promyelocytes
and close association with the characteristic molecular alter-
ation, t(15;17)(q24.1;q21.2), along with a pronounced tendency
towards coagulopathy, bleeding, and early death. Knowledge
of its pathophysiology over the years has resulted in revolu-
tionary differentiating therapies (ATRA since the 1990s and
ATO since 2013). With modern combined therapy, APL has
become a curable acute leukemia even with a chemotherapy-
free regimen. Considering such success, paradoxical to the
risk of early death, the recognition of APL is imperative.

In this context, a global initiative by the American Society
of Hematology with the leadership of Brazilian experts culmi-
nated in an International Consortium of APL (IC-APL), estab-
lished in 2005, initially including four Latin American
countries (Brazil, Chile, Mexico, and Uruguay). The establish-
ment of IC-APL resulted in a nearly 50 % decrease in early
mortality and an improvement in OS of almost 30 % com-
pared to historical controls, leading to survival rates similar
to those reported in developed countries.™' In the latest
update of this study, including 806 patients from Latin Ameri-
can countries (Brazil, Chile, Mexico, Uruguay, Peru, and Para-
guay), already submitted for publication as of writing this
consensus, the improvement in outcomes has been sustained
over the past 15 years, with early mortality still the main
cause of therapeutic failure.

More recently, a less toxic therapy with two targeted drugs,
ATRA and ATO, has been encouraged and may be considered
one of the greatest advances in AML treatment ever seen.
Current international recommendations include this chemo-
therapy-free therapy for low-risk patients and suggest com-
bining it with anthracyclines for high-risk patients as the first
choice in APL treatment (Figure 2). When ATO is not available,
the combination of ATRA and anthracyclines is feasible.
Besides avoiding chemotherapy, the ATRA and ATO combina-
tion has shortened the duration of APL treatment since no
maintenance with low-dose chemotherapy is needed. Future
challenges still remain, especially in low and middle-income
countries, including rapid diagnosis to treat patients
promptly and reduce early mortality, implementing low-tox-
icity treatment in healthcare services, and preventing relapse
in the high-risk group.

Conflicts of interest

LLF-P has been a speaker for Astellas, Novartis, Pfizer, TEVA.
LFBC has been a speaker for Abbvie. KBBP has been a speaker
for Pint Pharma, EMS, Novartis, Teva, and Pfizer and advisor
to AbbVie, Sandoz, Novartis, and Pfizer. ECN has been a
speaker for Novartis, Pfizer, Astellas, Teva, and Abbvie. TXC
has been a speaker for Johnson & Johnson, Astellas, AstraZe-
neca, Beigene, Bristol, Abbvie. MCAS has been a speaker for
Astellas, Bristol Myers Squibb. TCB has served as a speaker



HEMATOL TRANSFUS CELL THER. 2024;46(4):553—-569

565

for Takeda, Sanofi, Abbvie. TTF has been advisor to J&J Inno-
vative Medicine and speaker for Astellas, AstraZeneca,
Knight, Kite-Gilead, Novartis. EMF has been a speaker for Abb-
vie, Astellas, TEVA and advisor to Abbvie and Astellas. EMR
has been a speaker or advisor for Astellas, Abbvie, Novartis,
TEVA; received research funding from Astellas, Abbvie,
Roche.

REFERENCES

10.

. Arber DA, Orazi A, Hasserjian RP, Borowitz M]J, Calvo KR,

Kvasnicka HM, et al. International consensus classification
of myeloid neoplasms and acute leukemias: integrating mor-
phologic, clinical, and genomic data. Blood. 2022;140
(11):1200-28. https://doi.org/10.1182/blood.2022015850. PMID:
35767897; PMCID: PM(C9479031.

. Khoury JD, Solary E, Abla O, Akkari Y, Alaggio R, Apperley JF,

et al. The 5th edition of the World Health Organization classi-
fication of haematolymphoid tumours: myeloid and histio-
cytic/dendritic neoplasms. Leukemia. 2022;36(7):1703-19.
https://doi.org/10.1038/s41375-022-01613-1. Epub 2022 Jun 22.
PMID: 35732831; PMCID: PMC9252913.

. Liquori A, Ibanez M, Sargas C, Sanz MA, Barragan E, Cervera J.

Acute promyelocytic leukemia: a constellation of molecular
events around a Single PML-RARA fusion gene. Cancers
(Basel). 2020;12(3):624. https://doi.org/10.3390/cancers1203
0624. Erratum in: Cancers (Basel). 2021 Jul 09;13(14): PMID:
32182684; PMCID: PMC7139833.

. Dohner H, Estey E, Grimwade D, Amadori S, Appelbaum FR,

Biichner T, et al. Diagnosis and management of AML in
adults: 2017 ELN recommendations from an international
expert panel. Blood. 2017;129(4):424-47. https://doi.org/
10.1182/blood-2016-08-733196. Epub 2016 Nov 28. PMID:
27895058; PMCID: PMC5291965.

. Zelent A, Guidez F, Melnick A, Waxman S, Licht JD. Translo-

cations of the RARalpha gene in acute promyelocytic leuke-
mia. Oncogene. 2001;20(49):7186-203. https://doi.org/10.1038/
sj.onc.1204766. PMID: 11704847.

. Sanz MA, Grimwade D, Tallman MS, Lowenberg B, Fenaux P,

Estey EH, et al. Management of acute promyelocytic leuke-
mia: recommendations from an expert panel on behalf of the
European LeukemiaNet. Blood. 2009;113(9):1875-91. https://
doi.org/10.1182/blood-2008-04-150250. Epub 2008 Sep 23.
PMID: 18812465.

. Sanz MA, Fenaux P, Tallman MS, Estey EH, Lowenberg B,

Naoe T, et al. Management of acute promyelocytic leukemia:
updated recommendations from an expert panel of the Euro-
pean LeukemiaNet. Blood. 2019;133(15):1630-43. https://doi.
org/10.1182/blood-2019-01-894980. Epub 2019 Feb 25. PMID:
30803991; PMCID: PMC6509567.

. Lo-Coco F, Cicconi L, Breccia M. Current standard treatment

of adult acute promyelocytic leukaemia. Br ] Haematol.
2016;172(6):841-54. https://doi.org/10.1111/bjh.13890. Epub
2015 Dec 21. PMID: 26687281.

. Kayser S, Levis MJ. Updates on targeted therapies for acute

myeloid leukaemia. Br ] Haematol. 2022;196(2):316-28.
https://doi.org/10.1111/bjh.17746. Epub 2021 Aug 4. PMID:
34350585.

Pagnano KB, Rego EM, Rohr S, de Lourdes Chauffaille M,
Jacomo RH, et al. Guidelines on the diagnosis and treatment
for acute promyelocytic leukemia: associagcao brasileira de
hematologia, hemoterapia e terapia celular guidelines proj-
ect: associagao médica brasileira - 2013. Rev Bras Hematol
Hemoter. 2014;36(1):71-89.  https://doi.org/10.5581/1516-
8484.20140018. PortugueseEpub 2014 Mar 12. PMID: 25030676.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Dohner H, Wei AH, Appelbaum FR, Craddock C, DiNardo CD,
Dombret H, et al. Diagnosis and management of AML in
adults: 2022 recommendations from an international expert
panel on behalf of the ELN. Blood. 2022;140(12):1345-77.
https://doi.org/10.1182/blood.2022016867. PMID: 35797463.
Cicconi L, Lo-Coco F. Current management of newly diag-
nosed acute promyelocytic leukemia. Ann Oncol. 2016;27
(8):1474-81. https://doi.org/10.1093/annonc/mdw171. Epub
2016 Apr 15. PMID: 27084953.
Tumours/WHO-classification-of-tumours-of-haematopoietic-
and-lymphoid-tissues-2017 [Internet] Available from: https://
publications.iarc.fr/Book-And-Report-Series/Who-Classifica-
tion-Of-Tumours

Chauffaille ML. Cytogenetics and FISH monitoring CML dur-
ing tyrosine kinase inhibitors treatment. Rev Bras Hematol
Hemoter. 2008;30(Supl. 1):13-9.

Chauffaille ML, Borri D, Proto-Siqueira R, Moreira ES, Alberto
FL. Acute promyelocytic leukemia with t(15;17): frequency of
additional clonal chromosome abnormalities and FLT3
mutations. Leuk Lymphoma. 2008;49(12):2387-9. https://doi.
0rg/10.1080/10428190802511248. PMID: 19052993.

Chang H, Kuo MC, Shih LY, Dunn P, Wang PN, Wu JH, et al.
Clinical bleeding events and laboratory coagulation profiles
in acute promyelocytic leukemia. Eur ] Haematol. 2012;88
(4):321-8.  https://doi.org/10.1111/j.1600-0609.2011.01747 x.
Epub 2012 Feb 2. PMID: 22221178.

Kim DY, Lee JH, Lee JH, Kim SD, Lim SN, Choi Y, et al. Signifi-
cance of fibrinogen, D-dimer, and LDH levels in predicting
the risk of bleeding in patients with acute promyelocytic leu-
kemia. Leuk Res. 2011;35(2):152-8. https://doi.org/10.1016/j.
leukres.2010.05.022. Epub 2010 Jun 15. PMID: 20554322.
Yanada M, Matsushita T, Asou N, Kishimoto Y, Tsuzuki M,
Maeda Y, et al. Severe hemorrhagic complications during
remission induction therapy for acute promyelocytic leuke-
mia: incidence, risk factors, and influence on outcome. Eur J
Haematol. 2007;78(3):213-9. https://doi.org/10.1111/j.1600-
0609.2006.00803.x. Epub 2007 Jan 16. PMID: 17241371.

Dally N, Hoffman R, Haddad N, Sarig G, Rowe JM, Brenner B.
Predictive factors of bleeding and thrombosis during induc-
tion therapy in acute promyelocytic leukemia-a single center
experience in 34 patients. Thromb Res. 2005;116(2):109-14.
https://doi.org/10.1016/j.thromres.2004.11.001. Epub 2005 Jan
12. PMID: 15907524.

Tallman MS, Brenner B, Serna Jde L, Dombret H, Falanga A,
Kwaan HC, et al. Meeting report. Acute promyelocytic leuke-
mia-associated coagulopathy, 21 January 2004, London,
United Kingdom. Leuk Res. 2005;29(3):347-51. https://doi.org/
10.1016/j.leukres.2004.04.021. PMID: 15661272.

Evans GD, Grimwade DJ. Extramedullary disease in acute
promyelocytic leukemia. Leuk Lymphoma. 1999;33(3—4):219-
29. https://doi.org/10.3109/10428199909058422. PMID:
10221502.

Specchia G, Lo Coco F, Vignetti M, Avvisati G, Fazi P, Albano F,
et al. Extramedullary involvement at relapse in acute pro-
myelocytic leukemia patients treated or not with all-trans
retinoic acid: a report by the Gruppo Italiano Malattie Emato-
logiche dell’Adulto. J Clin Oncol. 2001;19(20):4023-8. https://
doi.org/10.1200/JC0.2001.19.20.4023. PMID: 11600603.

de Botton S, Sanz MA, Chevret S, Dombret H, Martin G,
Thomas X. European APL Group. PETHEMA Group. Extrame-
dullary relapse in acute promyelocytic leukemia treated with
all-trans retinoic acid and chemotherapy. Leukemia. 2006;20
(1):35-41. https://doi.org/10.1038/sj.1eu.2404006. PMID:
16307026.

Sanz MA, Montesinos P, Vellenga E, Rayén C, de la Serna J, Par-
ody R, et al. Risk-adapted treatment of acute promyelocytic
leukemia with all-trans retinoic acid and anthracycline mono-
chemotherapy: long-term outcome of the LPA 99 multicenter



566

HEMATOL TRANSFUS CELL THER. 2024;46(4):553—-569

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

study by the PETHEMA Group. Blood. 2008;112(8):3130-4.
https://doi.org/10.1182/blood-2008-05-159632. Epub 2008 Jul 29.
PMID: 18664623.

Huang ME, Ye YC, Chen SR, ChaiJR, LuJX, Zhoa L, Gu L], et al.
Use of all-trans retinoic acid in the treatment of acute pro-
myelocytic leukemia. Blood. 1988 Aug;72(2):567-72. PMID:
3165295.

Nowak D, Stewart D, Koeffler HP. Differentiation therapy of
leukemia: 3 decades of development. Blood. 2009;113
(16):3655-65.  https://doi.org/10.1182/blood-2009-01-198911.
Epub 2009 Feb 12. PMID: 19221035; PMCID: PMC2943835.
Fenaux P, Le Deley MC, Castaigne S, Archimbaud E, Chomi-
enne C, Link H, et al. Effect of all transretinoic acid in newly
diagnosed acute promyelocytic leukemia. Results of a multi-
center randomized trial. European APL 91 Group. Blood.
1993;82(11):3241-9. PMID: 8241496.

Avvisati G, Lo Coco F, Diverio D, Falda M, Ferrara F, Lazzarino
M, et al. AIDA (all-trans retinoic acid + idarubicin) in newly
diagnosed acute promyelocytic leukemia: a Gruppo Italiano
Malattie Ematologiche Maligne dell’Adulto (GIMEMA) pilot
study. Blood. 1996;88(4):1390-8. PMID: 8695858.

Fenaux P, Chastang C, Chevret S, Sanz M, Dombret H,
Archimbaud E, et al. A randomized comparison of all transre-
tinoic acid (ATRA) followed by chemotherapy and ATRA plus
chemotherapy and the role of maintenance therapy in newly
diagnosed acute promyelocytic leukemia. The European APL
Group. Blood. 1999;94(4):1192-200. PMID: 10438706.

Sanz MA, Montesinos P, Kim HT, Ruiz-Arguelles GJ, Undu-
rraga MS, Uriarte MR. IC-APL and PETHEMA and HOVON
Groups. All-trans retinoic acid with daunorubicin or idarubi-
cin for risk-adapted treatment of acute promyelocytic leu-
kaemia: a matched-pair analysis of the PETHEMA LPA-2005
and IC-APL studies. Ann Hematol. 2015;94(8):1347-56. https://
doi.org/10.1007/s00277-015-2393-0. Epub 2015 May 15. PMID:
25975975.

Sanz MA, Montesinos P, Rayén C, Holowiecka A, Serna Jdl,
Milone G. on behalf of the PETHEMA and HOVON Groups.
Risk-adapted treatment of acute promyelocytic leukemia
based on all-trans retinoic acid and anthracycline with addi-
tion of cytarabine in consolidation therapy for high-risk
patients: further improvements in treatment outcome.
Blood. 2010;115(25):5137—46. https://doi.org/10.1182/blood-
2010-01-266007.

Treatment of newly diagnosed patients with acute promyelo-
cytic leukemia (PETHEMA LPA 2005) Available from: https:/
classic.clinicaltrials.gov/ct2/show/NCT00408278?term=2005&
cond=Acute+Promyelocytic+Leukaemia&map_cntry=UY&
draw=2&rank=1.

Russell N, Burnett A, Hills R, Betteridge S, Dennis M, Jova-
novic J. NCRI AML Working Group. Attenuated arsenic triox-
ide plus ATRA therapy for newly diagnosed and relapsed
APL: long-term follow-up of the AML17 trial. Blood. 2018;132
(13):1452-4. https://doi.org/10.1182/blood-2018-05-851824.
Epub 2018 Aug 10. PMID: 30097508; PMCID: PMC6225356.
Burnett AK, Russell NH, Hills RK, Bowen D, Kell J, Knapper S.
UK National Cancer Research Institute Acute Myeloid Leu-
kaemia Working Group. Arsenic trioxide and all-trans reti-
noic acid treatment for acute promyelocytic leukaemia in all
risk groups (AML17): results of a randomised, controlled,
phase 3 trial. Lancet Oncol. 2015;16(13):1295-305. https://doi.
0rg/10.1016/S1470-2045(15)00193-X. Epub 2015 Sep 14. PMID:
26384238.

Eghtedar A, Rodriguez I, Kantarjian H, O’Brien S, Daver N,
Garcia-Manero G, et al. Incidence of secondary neoplasms in
patients with acute promyelocytic leukemia treated with all-
trans retinoic acid plus chemotherapy or with all-trans reti-
noic acid plus arsenic trioxide. Leuk Lymphoma. 2015;56

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

(5):1342-5. https://doi.org/10.3109/10428194.2014.953143.
Epub 2014 Nov 3. PMID: 25120050; PMCID: PMC4417657.
Abaza Y, Kantarjian H, Garcia-Manero G, Estey E, Borthakur
G, Jabbour E, et al. Long-term outcome of acute promyelo-
cytic leukemia treated with all-trans-retinoic acid, arsenic
trioxide, and gemtuzumab. Blood. 2017;129(10):1275-83.
https://doi.org/10.1182/blood-2016-09-736686. Epub 2016 Dec
21. PMID: 28003274; PMCID: PMC5413297.

Lengfelder E, Reichert A, Schoch C, Haase D, Haferlach T,
Loffler H, S, et al. Double Induction Strategy Including High
Dose Cytarabine in Combination With All-Trans Retinoic
acid: Effects in Patients With Newly Diagnosed Acute Pro-
myelocytic Leukemia, 14. German AML Cooperative Group.
Leukemia; 2000. p. 1362-70. https://doi.org/10.1038/s;j.
leu.2401843.

Sanz MA, Martin G, Rayén C, Esteve ], Gonzalez M, Diaz-
Mediavilla J, et al. A modified AIDA protocol with anthracy-
cline-based consolidation results in high antileukemic effi-
cacy and reduced toxicity in newly diagnosed PML/
RARalpha-positive acute promyelocytic leukemia. PETHEMA
group. Blood. 1999;94(9):3015-21. PMID: 10556184.

Mandelli F, Diverio D, Avvisati G, Luciano A, Barbui T, Bernas-
coni C, et al. Molecular remission in PML/RAR alpha-positive
acute promyelocytic leukemia by combined all-trans retinoic
acid and idarubicin (AIDA) therapy. Gruppo Italiano-Malattie
Ematologiche Maligne dell’Adulto and Associazione Italiana
di Ematologia ed Oncologia Pediatrica Cooperative Groups.
Blood. 1997;90(3):1014-21. PMID: 9242531.

Sanz MA, Martin G, Gonzalez M, Leén A, Rayén C, Rivas C,
et al. Programa de Estudio y Traitmiento de las Hemopatias
Malignas. Risk-adapted treatment of acute promyelocytic
leukemia with all-trans-retinoic acid and anthracycline
monochemotherapy: a multicenter study by the PETHEMA
group. Blood. 2004;103(4):1237-43. https://doi.org/10.1182/
blood-2003-07-2462. Epub 2003 Oct 23. PMID: 14576047.
Burnett AK, Grimwade D, Solomon E, Wheatley K, Goldstone
AH. Presenting white blood cell count and kinetics of molec-
ular remission predict prognosis in acute promyelocytic leu-
kemia treated with all-trans retinoic acid: result of the
randomized MRC trial. Blood. 1999;93(12):4131-43. PMID:
10361110.

Fenaux P, Chastang C, Chevret S, Sanz M, Dombret H,
Archimbaud E, et al. A randomized comparison of all
transretinoic acid (ATRA) followed by chemotherapy and
ATRA plus chemotherapy and the role of maintenance
therapy in newly diagnosed acute promyelocytic leuke-
mia. The European APL group. Blood. 1999;94(4):1192-200.
PMID: 10438706.

Iland HJ, Collins M, Bradstock K, Supple SG, Catalano A,
Hertzberg M. Australasian Leukaemia and Lymphoma Group.
Use of arsenic trioxide in remission induction and consolida-
tion therapy for acute promyelocytic leukaemia in the Aus-
tralasian Leukaemia and Lymphoma Group (ALLG) APML4
study: a non-randomised phase 2 trial. Lancet Haematol.
2015;2(9):e357-66. https://doi.org/10.1016/S2352-3026(15)
00115-5. Epub 2015 Aug 20. PMID: 26685769.

Wang HY, Gong S, Li GH, Yao YZ, Zheng YS, Lu XH, et al. An
effective and chemotherapy-free strategy of all-trans retinoic
acid and arsenic trioxide for acute promyelocytic leukemia in
all risk groups (APL15 trial). Blood Cancer J. 2022;12(11):158.
https://doi.org/10.1038/s41408-022-00753-y. PMID: 36404343;
PMCID: PMC9676182.

Tallman MS, Andersen JW, Schiffer CA, Appelbaum FR, Feus-
ner JH, Ogden A, et al. All-trans-retinoic acid in acute pro-
myelocytic leukemia. N Engl ] Med. 1997;337(15):1021-8.
https://doi.org/10.1056/NEJM199710093371501. Erratum in: N
Engl ] Med 1997 Nov 27;337(22):1639. PMID: 9321529.



HEMATOL TRANSFUS CELL THER. 2024;46(4):553—-569

567

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Fenaux P, Chastang C, Chevret S, Sanz M, Dombret H,
Archimbaud E, et al. A randomized comparison of all transre-
tinoic acid (ATRA) followed by chemotherapy and ATRA plus
chemotherapy and the role of maintenance therapy in newly
diagnosed acute promyelocytic leukemia. Blood. 1999;94
(4):1192-200. https://doi.org/10.1182/blood.V94.4.1192.

Ades L, Guerci A, Raffoux E, Sanz M, Chevallier P, Lapusan S,
et al. Very long-term outcome of acute promyelocytic leuke-
mia after treatment with all-trans retinoic acid and chemo-
therapy: the European APL group experience. Blood. 2010;115
(9):1690-6. https://doi.org/10.1182/blood-2009-07-233387.
Epub 2009 Dec 17. PMID: 20018913.

Avvisati G, Lo-Coco F, Paoloni FP, Petti MC, Diverio D, Vignetti
M, et al. AIDA 0493 protocol for newly diagnosed acute pro-
myelocytic leukemia: very long-term results and role of
maintenance. Blood. 2011;117(18):4716-25. https://doi.org/
10.1182/blood-2010-08-302950. Epub 2011 Mar 8. PMID:
21385856.

Muchtar E, Vidal L, Ram R, Gafter-Gvili A, Shpilberg O, Raa-
nani P. The role of maintenance therapy in acute promyelo-
cytic leukemia in the first complete remission. Cochrane
Database Syst Rev. 2013(3):CD009594. https://doi.org/10.1002/
14651858.CD009594.pub2. PMID: 23543579.

Cicconi L, Platzbecker U, Avvisati G, Paoloni F, Thiede C,
Vignetti M, et al. Long-term results of all-trans retinoic acid
and arsenic trioxide in non-high-risk acute promyelocytic
leukemia: update of the APL0406 Italian-German randomized
trial. Leukemia. 2020;34(3):914-8. https://doi.org/10.1038/
s41375-019-0589-3. Epub 2019 Oct 14. PMID: 31611624.

Coutre SE, Othus M, Powell B, Willman CL, Stock W, Paietta
ER, et al. Arsenic trioxide during consolidation for patients
with previously untreated low/intermediate risk acute pro-
myelocytic leukaemia may eliminate the need for mainte-
nance therapy. Br ] Haematol. 2014;165(4):497-503. https://
doi.org/10.1111/bjh.12775. Epub 2014 Feb 14. PMID: 24528179;
PMCID: PMC4064464.

Frankel SR, Eardley A, Lauwers G, Weiss M, Warrell Jr RP. The
“retinoic acid syndrome” in acute promyelocytic leukemia.
Ann Intern Med. 1992;117(4):292-6. https://doi.org/10.7326/
0003-4819-117-4-292. PMID: 1637024.

De Botton S, Dombret H, Sanz M, San Miguel J, Caillot D, Zit-
toun R, et al. Incidence, clinical features, and outcome of All-
Trans-retinoic acid syndrome in 413 cases of newly
diagnosed acute promyelocytic leukemia. Blood. 1998;92
(8):2712-8. https://doi.org/10.1182/blood.V92.8.2712.
Gasparovic L, Weiler S, Higi L, Burden AM. Incidence of differ-
entiation syndrome associated with treatment regimens in
acute myeloid leukemia: a systematic review of the litera-
ture. J Clin Med. 2020;9(10):3342. https://doi.org/10.3390/
jcm9103342. PMID: 33081000; PMCID: PMC7603213.
Montesinos P, Bergua JM, Vellenga E, Rayén C, Parody R, de la
Serna J, et al. Differentiation syndrome in patients with acute
promyelocytic leukemia treated with all-trans retinoic acid
and anthracycline chemotherapy: characteristics, outcome,
and prognostic factors. Blood. 2009;113(4):775-83. https://doi.
org/10.1182/blood-2008-07-168617. Epub 2008 Oct 22. PMID:
18945964.

Mandelli F, Diverio D, Avvisati G, Luciano A, Barbui T, Bernas-
coni C, et al. Molecular remission in PML/RAR alpha-positive
acute promyelocytic leukemia by combined all-trans retinoic
acid and idarubicin (AIDA) therapy. Gruppo Italiano-Malattie
Ematologiche Maligne dell’Adulto and Associazione Italiana
di Ematologia ed Oncologia Pediatrica Cooperative Groups.
Blood. 1997;90(3):1014-21. PMID: 9242531.

Tallman MS, Andersen JW, Schiffer CA, Appelbaum FR, Feus-
ner JH, Ogden A, et al. Clinical description of 44 patients with
acute promyelocytic leukemia who developed the retinoic
acid syndrome. Blood. 2000;95(1):90-5. PMID: 10607690.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Luesink M, Pennings JL, Wissink WM, Linssen PC, Muus P,
Pfundt R, de Witte TJ, et al. Chemokine induction by all-trans
retinoic acid and arsenic trioxide in acute promyelocytic leu-
kemia: triggering the differentiation syndrome. Blood.
2009;114(27):5512-21. https://doi.org/10.1182/blood-2009-02-
204834. Epub 2009 Oct 14. PMID: 19828696.

Shibakura M, Niiya K, Niiya M, Asaumi N, Yoshida C, Nakata
Y, et al. Induction of CXC and CC chemokines by all-trans ret-
inoic acid in acute promyelocytic leukemia cells. Leuk Res.
2005;29(7):755-9. https://doi.org/10.1016/j.leukres.2005.01.005.
Epub 2005 Feb 26. PMID: 15927671.

Brown DC, Tsuji H, Larson RS. All-trans retinoic acid regu-
lates adhesion mechanism and transmigration of the acute
promyelocytic leukaemia cell line NB-4 under physiologic
flow. Br ] Haematol. 1999;107(1):86-98. https://doi.org/
10.1046/j.1365-2141.1999.01671.x. PMID: 10520028.

Hou J, Wang S, Zhang Y, Fan D, Li H, Yang Y, et al. Causes
and prognostic factors for early death in patients with
acute promyelocytic leukemia treated with single-agent
arsenic trioxide. Ann Hematol. 2017;96(12):2005-13.
https://doi.org/10.1007/s00277-017-3130-7. Epub 2017 Sep
22. PMID: 28940056.

Sanz MA, Montesinos P. How we prevent and treat differenti-
ation syndrome in patients with acute promyelocytic leuke-
mia. Blood. 2014;123(18):2777-82. https://doi.org/10.1182/
blood-2013-10-512640. Epub 2014 Mar 13. PMID: 24627526.
Mahmoud HH, Hurwitz CA, Roberts WM, Santana VM, Ribeiro
RC, Krance RA. Tretinoin toxicity in children with acute pro-
myelocytic leukaemia. Lancet. 1993;342(8884):1394-5. https://
doi.org/10.1016/0140-6736(93)92755-1. PMID: 7901684.
Colucciello M. Pseudotumor cerebri induced by all-trans reti-
noic acid treatment of acute promyelocytic leukemia. Arch
Ophthalmol. 2003;121(7):1064-5. https://doi.org/10.1001/arch-
opht.121.7.1064. PMID: 12860824.

Dixon KS, Hassoun A. Pseudotumor cerebri due to the poten-
tiation of all-trans retinoic acid by voriconazole. ] Am Pharm
Assoc (2003). 2010;50(6):742-4. https://doi.org/10.1331/JAPhA.
2010.09133. PMID: 21071321.

Sano F, Tsuji K, Kunika N, Takeuchi T, Oyama K, Hasegawa S,
et al. Pseudotumor cerebri in a patient with acute promyelo-
cytic leukemia during treatment with all-trans retinoic acid.
Intern Med. 1998;37(6):546-9. https://doi.org/10.2169/internal-
medicine.37.546. PMID: 9678691.

Schroeter T, Lanvers C, Herding H, Suttorp M. Pseudotumor
cerebri induced by all-trans-retinoic acid in a child treated
for acute promyelocytic leukemia. Med Pediatr Oncol.
2000;34(4):284-6. https://doi.org/10.1002/(sici)1096-911x
(200004)34:4<284::aid-mpo16>3.0.co;2-d. PMID: 10742073.
Visani G, Bontempo G, Manfroi S, Pazzaglia A, D’Alessandro
R, Tura S. All-trans-retinoic acid and pseudotumor cerebri in
a young adult with acute promyelocytic leukemia: a possible
disease association. Haematologica. 1996;81(2):152—4. PMID:
8641645.

Yeh YC, Tang HF, Fang IM. Pseudotumor cerebri caused by
all-trans-retinoic acid treatment for acute promyelocytic leu-
kemia. Jpn J Ophthalmol. 2006;50(3):295-6. https://doi.org/
10.1007/510384-005-0300-2. PMID: 16767393.

Machner B, Neppert B, Paulsen M, Hofmann C, Sander T,
Helmchen C. Pseudotumor cerebri as a reversible side effect
of all-trans retinoic acid treatment in acute promyelocytic
leukaemia. Eur ] Neurol. 2008;15(7):e68-9. https://doi.org/
10.1111/j.1468-1331.2008.02152.x. Epub 2008 Apr 29. PMID:
18452541.

Naderi S, Nukala S, Marruenda F, Kudarvalli P, Koduri PR.
Pseudotumour cerebri in acute promyelocytic leukemia:
improvement despite continued ATRA therapy. Ann Hema-
tol. 1999;78(7):333—4. https://doi.org/10.1007/s002770050524.
PMID: 10466446.



568

HEMATOL TRANSFUS CELL THER. 2024;46(4):553—-569

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Montesinos P, Vellenga E, Holowiecka A, Rayon C, Milone G,
Serna Jdl, et al. Incidence, outcome and risk factors of pseu-
dotumor cerebri after all- trans retinoic acid and anthracy-
cline-based chemotherapy in patients with acute
promyelocytic leukemia. Blood. 2008;112(11):2992. https://
doi.org/10.1182/blood.V112.11.2992.2992.

Coombs CC, DeAngelis LM, Feusner JH, Rowe JM, Tallman MS.
Pseudotumor cerebri in acute promyelocytic leukemia
patients on intergroup protocol 0129: clinical description and
recommendations for new diagnostic criteria. Clin Lym-
phoma Myeloma Leuk. 2016;16(3):146-51. https://doi.org/
10.1016/j.clm1.2015.11.018. Epub 2015 Nov 22. PMID:
26724834; PMCID: PMC5028896.

Smith MB, Griffiths EA, Thompson JE, Wang ES, Wetzler M,
Freyer CW. High pseudotumor cerebri incidence in tretinoin
and arsenic treated acute promyelocytic leukemia and the
role of topiramate after acetazolamide failure. Leuk Res Rep.
2014;3(2):62-6. https://doi.org/10.1016/j.1rr.2014.07.001. PMID:
25180154; PMCID: PMC4145165.

Galm O, Fabry U, Osieka R. Pseudotumor cerebri after treat-
ment of relapsed acute promyelocytic leukemia with arsenic
trioxide. Leukemia. 2000;14(2):343-4. https://doi.org/10.1038/
sj.leu.2401671. PMID: 10673758.

Friedman DI, Liu GT, Digre KB. Revised diagnostic criteria for
the pseudotumor cerebri syndrome in adults and children.
Neurology.  2013;81(13):1159-65.  https://doi.org/10.1212/
WNL.0b013e3182a55f17. Epub 2013 Aug 21. PMID: 239662438.
Gallipoli P, Drummond MW. Pseudotumour cerebri as a man-
ageable side effect of prolonged all-trans retinoic acid ther-
apy in an adult patient with acute promyelocytic leukaemia.
Eur ] Haematol. 2009;82(3):242-3. https://doi.org/10.1111/
j.1600-0609.2008.01185.x. Epub 2008 Nov 10. Erratum in: Eur J
Haematol. 2009 May;82(5):411. Drummond, M W [added].
PMID: 19018859.

Decaudin D, Adams D, Naccache P, Castagna L, Munck JN.
Maintained all-trans retinoic acid therapy in a patient with
pseudotumour cerebri despite aggravated symptoms. Leuk
Lymphoma. 1997;27(3—4):373-4.  https://doi.org/10.3109/
10428199709059694. PMID: 9402337.

Abaza Y, Kantarjian H, Garcia-Manero G, Estey E, Borthakur
G, Jabbour E, et al. Long-term outcome of acute promyelo-
cytic leukemia treated with all-trans-retinoic acid, arsenic
trioxide, and gemtuzumab. Blood. 2017;129(10):1275-83.
https://doi.org/10.1182/blood-2016-09-736686. Epub 2016 Dec
21. PMID: 28003274; PMCID: PMC5413297.

Lo-Coco F, Avvisati G, Vignetti M, Breccia M, Gallo E, Ram-
baldi A, et al. Front-line treatment of acute promyelocytic
leukemia with AIDA induction followed by risk-adapted con-
solidation for adults younger than 61 years: results of the
AIDA-2000 trial of the GIMEMA Group. Blood. 2010;116
(17):3171-9.  https://doi.org/10.1182/blood-2010-03-276196.
Epub 2010 Jul 19. PMID: 20644121.

Lo-Coco F, Avvisati G, Vignetti M, Thiede C, Orlando SM, Iaco-
belli S, et al. Retinoic acid and arsenic trioxide for acute pro-
myelocytic leukemia. N Engl ] Med. 2013;369(2):111-21.
https://doi.org/10.1056/NEJMoa1300874. PMID: 23841729.
Grimwade D, Jovanovic JV, Hills RK, Nugent EA, Patel Y, Flora
R, et al. Prospective minimal residual disease monitoring to
predict relapse of acute promyelocytic leukemia and to direct
pre-emptive arsenic trioxide therapy. J Clin Oncol. 2009;27
(22):3650-8. https://doi.org/10.1200/JC0.2008.20.1533. Epub
2009 Jun 8. PMID: 19506161.

Santamaria C, Chillén MC, Ferndndez C, Martin-Jiménez P,
Balanzategui A, Garcia Sanz R, et al. Using quantification of
the PML-RARalpha transcript to stratify the risk of relapse in
patients with acute promyelocytic leukemia. Haematologica.
2007;92(3):315-22.  https://doi.org/10.3324/haematol.10734.
PMID: 17339180.

84

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

. Grimwade D, Jovanovic JV, Hills RK. Can we say farewell to
monitoring minimal residual disease in acute promyelocytic
leukaemia? Best Pract Res Clin Haematol. 2014;27(1):53-61.
https://doi.org/10.1016/j.beha.2014.04.002. Epub 2014 Apr 12.
PMID: 24907017.

Heuser M, Freeman SD, Ossenkoppele GJ, Buccisano F, Houri-
gan CS, Ngai LL, et al. 2021 update on MRD in acute myeloid
leukemia: a consensus document from the European Leuke-
miaNet MRD working party. Blood. 2021;138(26):2753-67.
https://doi.org/10.1182/blood.2021013626. PMID: 34724563;
PMCID: PMC8718623.

Osman AEG, Anderson J, Churpek JE, Christ TN, Curran E,
Godley LA, et al. Treatment of acute promyelocytic leukemia
in adults. J Oncol Pract. 2018;14(11):649-57. https://doi.org/
10.1200/JOP.18.00328. PMID: 30423270.

Testi AM, Pession A, Diverio D, Grimwade D, Gibson B, de
Azevedo AC, et al. Risk-adapted treatment of acute promye-
locytic leukemia: results from the international consortium
for childhood APL. Blood. 2018;132(4):405-12. https://doi.org/
10.1182/blood-2018-03-836528. Epub 2018 May 22. Erratum in:
Blood. 2023 Mar 16;141(11):1365. PMID: 29789356.

Testi AM, D’Angio M, Locatelli F, Pession A, Lo Coco F. Acute
promyelocytic leukemia (APL): comparison between children
and adults. Mediterr ] Hematol Infect Dis. 2014;6(1):e2014032.
https://doi.org/10.4084/MJHID.2014.032.  PMID:  24804005;
PMCID: PMC4010611.

Testi AM, Biondi A, Lo Coco F, Moleti ML, Giona F, Vignetti M,
et al. GIMEMA-AIEOPAIDA protocol for the treatment of
newly diagnosed acute promyelocytic leukemia (APL) in chil-
dren. Blood. 2005;106(2):447-53. https://doi.org/10.1182/
blood-2004-05-1971. Epub 2005 Jan 27. PMID: 15677559.
Ortega JJ, Madero L, Martin G, Verdeguer A, Garcia P, Parody
R, et al. Treatment with all-trans retinoic acid and anthracy-
cline monochemotherapy for children with acute promyelo-
cytic leukemia: a multicenter study by the PETHEMA group. J
Clin Oncol. 2005;23(30):7632-40. https://doi.org/10.1200/
JCO.2005.01.3359. PMID: 16234524.

Garcia Spezza E, Brethon B, Petit A, Mazingue F, Gandemer V,
Boissel N, et al. Tolerance to arsenic trioxide combined with
all-trans-retinoic acid in children with acute promyelocytic
leukaemia in France. Br ] Haematol. 2020;188(1):170-3.
https://doi.org/10.1111/bjh.16364. Epub 2019 Dec 6. PMID:
31808943.

Yang MH, Wan WQ, Luo JS, Zheng MC, Huang K, Yang LH,
et al. Multicenter randomized trial of arsenic trioxide and
Realgar-Indigo naturalis formula in pediatric patients with
acute promyelocytic leukemia: interim results of the SCCLG-
APL clinical study. Am ] Hematol. 2018;93(12):1467-73.
https://doi.org/10.1002/ajh.25271. Epub 2018 Oct 20. PMID:
30160789; PMCID: PMC6282847.

Lehmann S, Ravn A, Carlsson L, Antunovic P, Deneberg S,
Mollgard L, et al. Continuing high early death rate in acute
promyelocytic leukemia: a population-based report from the
Swedish adult acute leukemia registry. Leukemia. 2011;25
(7):1128-34. https://doi.org/10.1038/leu.2011.78. Epub 2011
Apr 19. PMID: 21502956.

Platzbecker U, Avvisati G, Cicconi L, Thiede C, Paoloni F,
Vignetti M, et al. Improved outcomes with retinoic acid
and arsenic trioxide compared with retinoic acid and che-
motherapy in non-high-risk acute promyelocytic leuke-
mia: final results of the randomized Italian-German
APL0406 trial. J Clin Oncol. 2017;35(6):605-12. https://doi.
0rg/10.1200/JC0.2016.67.1982. Epub 2016 Oct 31. PMID:
27400939.

Klepin HD, Neuendorff NR, Larson RA, Hamaker ME, Breccia
M, Montesinos P, et al. Treatment of acute promyelocytic leu-
kemia in older patients: recommendations of an Interna-
tional Society of Geriatric Oncology (SIOG) task force. ]



HEMATOL TRANSFUS CELL THER. 2024;46(4):553—-569

569

96.

97.

98.

99.

100.

101.

102.

103.

104.

Geriatr Oncol. 2020;11(8):1199-209. https://doi.org/10.1016/j.
20.2020.03.019. Epub 2020 Apr 6. PMID: 32273246.

Abadi U, Koren G, Lishner M. Leukemia and lymphoma in
pregnancy. Hematol Oncol Clin North Am. 2011;25(2):277-91.
https://doi.org/10.1016/j.hoc.2011.01.001. viiPMID: 21444030.
Sanz MA, Montesinos P, Casale MF, Diaz-Mediavilla J,
Jiménez S, Fernandez I, et al. Maternal and fetal outcomes in
pregnant women with acute promyelocytic leukemia. Ann
Hematol. 2015;94(8):1357-61. https://doi.org/10.1007/s00277-
015-2372-5. Epub 2015 Apr 25. PMID: 25911134.

Santolaria A, Perales A, Montesinos P, Sanz MA. Acute pro-
myelocytic leukemia during pregnancy: a systematic review
of the literature. Cancers (Basel). 2020;12(4):968. https://doi.
org/10.3390/cancers12040968. PMID: 32295152; PMCID:
PMC7225915.

Verma V, Giri S, Manandhar S, Pathak R, Bhatt VR. Acute pro-
myelocytic leukemia during pregnancy: a systematic analy-
sis of outcome. Leuk Lymphoma. 2016;57(3):616-22. https://
doi.org/10.3109/10428194.2015.1065977. Epub 2015 Jul 28.
PMID: 26110880.

Cardonick E, Iacobucci A. Use of chemotherapy during
human pregnancy. Lancet Oncol. 2004;5(5):283-91. https://
doi.org/10.1016/51470-2045(04)01466-4. PMID: 15120665.
Valappil S, Kurkar M, Howell R. Outcome of pregnancy in
women treated with all-trans retinoic acid; a case report and
review of literature. Hematology. 2007;12(5):415-8. https:/
doi.org/10.1080/10245330701448594. PMID: 17852449.

Huyck KL, Kile ML, Mahiuddin G, Quamruzzaman Q, Rahman
M, Breton CV, et al. Maternal arsenic exposure associated
with low birth weight in Bangladesh. J Occup Environ Med.
2007;49(10):1097-104. https://doi.org/10.1097/JOM.0-
b013e3181566ba0. PMID: 18000415.

Yang CY, Chang CC, Tsai SS, Chuang HY, Ho CK, Wu TN.
Arsenic in drinking water and adverse pregnancy outcome in
an arseniasis-endemic area in northeastern Taiwan. Environ
Res. 2003;91(1):29-34. https://doi.org/10.1016/s0013-9351(02)
00015-4. PMID: 12550085.

Cochet C, Simonet M, Cattin J, Metz JP, Berceanu A, Deco-
ninck E, et al. Arsenic trioxide treatment during pregnancy
for acute promyelocytic leukemia in a 22-year-old woman.
Case Rep Hematol. 2020;2020:3686584. https://doi.org/
10.1155/2020/3686584. PMID: 32231816; PMCID: PMC7086430.

105.

106.

107.

108.

109.

110.

111.

Grignani F, Ferrucci PF, Testa U, Talamo G, Fagioli M, Alcalay
M, et al. The acute promyelocytic leukemia-specific PML-RAR
alpha fusion protein inhibits differentiation and promotes
survival of myeloid precursor cells. Cell. 1993;74(3):423-31.
https://doi.org/10.1016/0092-8674(93)80044-f. PMID: 8394219.
Vega-Ruiz A, Faderl S, Estrov Z, Pierce S, Cortes J, Kantarjian
H, Ravandi F. Incidence of extramedullary disease in patients
with acute promyelocytic leukemia: a single-institution
experience. Int ] Hematol. 2009;89(4):489-96. https://doi.org/
10.1007/512185-009-0291-8. Epub 2009 Apr 2. PMID: 19340529;
PMCID: PMC4199302.

PacilliL, Lo Coco F, Ramadan SM, Gianni L, Pingi A, Remotti D,
Majolino I. Promyelocytic sarcoma of the spine: a case report
and review of the literature. Adv Hematol. 2010;2010:137608.
https://doi.org/10.1155/2010/137608. Epub 2010 Mar 18. PMID:
20339529; PMCID: PMC2843861.

Ganzel C, Mathews V, Alimoghaddam K, Ghavamzadeh A,
Kuk D, Devlin S, et al. Autologous transplant remains the pre-
ferred therapy for relapsed APL in CR2. Bone Marrow Trans-
plant. 2016;51(9):1180-3. https://doi.org/10.1038/bmt.2016.96.
Epub 2016 Apr 18. PMID: 27088379; PMCID: PMC5014591.
Thirugnanam R, George B, Chendamarai E, Lakshmi KM,
Balasubramanian P, Viswabandya A, et al. Comparison of
clinical outcomes of patients with relapsed acute promyelo-
cytic leukemia induced with arsenic trioxide and consoli-
dated with either an autologous stem cell transplant or an
arsenic trioxide-based regimen. Biol Blood Marrow Trans-
plant. 2009;15(11):1479-84. https://doi.org/10.1016/j.
bbmt.2009.07.010. Epub 2009 Sep 1. PMID: 19822309.

Holter Chakrabarty JL, Rubinger M, Le-Rademacher ], Wang
HL, Grigg A, Selby GB, et al. Autologous is superior to alloge-
neic hematopoietic cell transplantation for acute promyelo-
cytic leukemia in second complete remission. Biol Blood
Marrow Transplant. 2014;20(7):1021-5. https://doi.org/
10.1016/j.bbmt.2014.03.025. Epub 2014 Mar 30. PMID:
24691221; PMCID: PMC4097890.

Rego EM, Kim HT, Ruiz-Arglelles GJ, Undurraga MS, Uriarte
Mdel R, Jacomo RH, et al. Improving acute promyelocytic leu-
kemia (APL) outcome in developing countries through net-
working, results of the international consortium on APL.
Blood. 2013;121(11):1935-43. https://doi.org/10.1182/blood-
2012-08-449918. Epub 2013 Jan 14. PMID: 23319575.



