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Summary

The outcome of patients with acute promyelocytic leukaemia
(APL) has dramatically improved over the last two decades,
due to the introduction of combined all-trans retinoic acid
(ATRA) and chemotherapy regimens and, more recently, to
the advent of arsenic trioxide (ATO). ATRA and anthracy-
cline-based chemotherapy remains a widely used strategy,
providing cure rates above 80%, but it is associated with risk
of severe infections and occurrence of secondary leukaemias.
ATO is the most effective single agent in APL and, used
alone or in combination with ATRA or ATRA and reduced-
intensity chemotherapy, results in greater efficacy with con-
siderably less haematological toxicity. The toxic profile of
ATO includes frequent, but manageable, QTc prolongation
and increase of liver enzymes. Two large randomized studies
have shown that ATRA + ATO is superior to ATRA +
chemotherapy for newly diagnosed low-risk APL resulting in
2—4 year event-free survival rates above 90% and very few
relapses. According to real world data, the spectacular pro-
gress in APL outcomes reported in clinical trials has not been
paralleled by a significant improvement in early death rates,
this remains the most challenging issue for the final cure of
the disease.
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Acute promyelocytic leukaemia (APL) is an infrequent form
of acute myeloid leukaemia (AML) with specific biological
and clinical features. These include a unique disease hall-
mark, the PML/RARA fusion protein underlying the t(15;17)
chromosome translocation, a frequent and life-threatening
coagulation disorder, and an exquisite sensitivity to anthracy-
cline chemotherapy, all-frans retinoic acid (ATRA) and
arsenic trioxide (ATO). Taken together, these features require
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a tailored approach to diagnosis and management (Wang &
Chen, 2008; Sanz & Lo-Coco, 2011; de Thé et al, 2012).

The treatment of APL has been revolutionized in the past
two decades by the advent of ATRA and ATO. Although
these agents were initially used empirically and, unlike ima-
tinib, were not designed in the laboratory as tailored treat-
ments, ATRA and ATO were soon shown to target RARA
and PML, respectively, i.e. the two distinct moieties of the
disease-specific oncoprotein PML/RARA (de Thé et al, 2012).
The use of variable combinations of ATRA, ATO and
chemotherapy tested in several large trials worldwide, have
transformed this hyper-acute, once rapidly fatal disease into
the most highly curable acute leukaemia in adults, with long-
term remission rates now exceeding 80% (Tallman, 2004;
Ades et al, 2008; Sanz & Lo-Coco, 2011; Lo-Coco et al, 2013;
Burnett et al, 2015; Iland et al, 2015). However, as shown by
recent registry studies, early death still remains a major prob-
lem as many patients fail to be promptly diagnosed and/or
receive appropriate treatment in time (Lehmann et al, 2011;
Park et al, 2011; McClellan et al, 2012; Paulson et al, 2014).

Recently, two large randomized trials have compared
the standard ATRA plus chemotherapy approach versus
ATRA-ATO combinations, showing significantly improved
outcomes and considerably less haematological toxicity in
patients receiving the chemotherapy-free approach (Lo-Coco
et al, 2013; Burnett et al, 2015). As a result, modern guideli-
nes now indicate ATRA-ATO as the first recommended
choice for patients with non-high risk disease [defined as
those with presenting white blood cell (WBC) count
<10 x 10°/1]. As for high-risk patients, the same ATRA-ATO
strategy combined with reduced-intensity anthracycline or
anthracycline-like chemotherapy (e.g. gemtuzumab ozogam-
icin, GO) seems equally effective and potentially curative,
although evidence in this category is still based on small
patient numbers (Burnett et al, 2015; Iland et al, 2015).

In this review article, we will critically discuss the results
of large clinical trials in front-line APL therapy in adults,
focusing in particular on recent randomized studies compar-
ing ATRA and chemotherapy versus ATRA-ATO. In addition,
we will briefly discuss salvage treatment and the evolving role
of stem cell transplantation (SCT). Finally, for both newly
diagnosed and relapsed disease, we will identify unmet needs
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in treatment and controversial areas that could be the subject
of future clinical investigation.

Relevance of early diagnosis and initial
management

Acute promyelocytic leukaemia is a medical emergency
requiring prompt diagnosis and management. In fact, as we
will discuss below, early death mostly due to severe haemor-
rhage still occurs in a high percentage of cases and today
represents the main obstacle to final cure of the disease.
Given its rarity (0-14 APL cases per 100 000 are diagnosed
each year in the EU) (Sant et al, 2014) and due to some
important aspects specifically related to the management of
the disease, it is appropriate that patients are referred to
highly experienced centres.

Acute promyelocytic leukaemia is frequently associated at
diagnosis with a consumptive coagulopathy resulting in high
risk of haemorrhagic death, thrombosis or both (Choudhry
& DeLoughery, 2012; Breccia & Lo-Coco, 2014). This is gen-
erally characterized at the laboratory level by significant
decrease in platelet number and signs of hyperfibrinolysis
(low plasma fibrinogen and increased fibrinogen degradation
products or D-dimers). Although the precise pathogenesis of
the coagulopathy remains unclear, it is well known that it is
effectively counteracted by prompt institution of aggressive
supportive care and by specific antileukaemic treatment with
ATRA. For this reason, current recommendations strongly
suggest that ATRA should be initiated in parallel with mas-
sive transfusional support (including platelet units and fresh
frozen plasma or fibrinogen concentrates) upon morphologi-
cal or clinical suspicion only and without waiting for genetic
confirmatory tests (Milligan et al, 2006; Sanz et al, 2009;
Tallman & Altman, 2009; Seftel et al, 2014; NCCN guideli-
nes, 2015). Recent data from the randomized comparison of
ATRA-ATO versus ATRA-chemotherapy showed that ATRA-
ATO results in decreased early death, suggesting that ATO
exerts a better counteractive effect on the coagulopathy com-
pared with chemotherapy (Lo-Coco et al, 2013; Burnett et al,
2015).

Genetic diagnosis through identification of the t(15,17)
translocation and/or the PML/RARA fusion gene remains
mandatory for patient eligibility to be continued on ATRA
or ATO-based treatment, because the presence of the onco-
protein will predict responsiveness to these therapies in virtu-
ally all patients (Sanz et al, 2009). As for transfusion
support, there is a consensus among experts on the need to
maintain fibrinogen and platelet levels above 1-5 g/l and
30-50 x 10°/, respectively. These blood parameters and
coagulation tests should be repeatedly monitored every 6 h,
particularly during the initial 10 d of treatment, with special
attention to patients at increased risk of haemorrhage (those
with hyperleucocytic disease and those showing worsening
consumptive coagulopathy). Prophylaxis with steroids is
widely used, with the aim at preventing both haemorrhage
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and differentiation syndrome (DS), while use of antifibri-
nolytic or heparin is not recommended. Heparin has been
used in cases presenting with greater tendency to thrombosis,
however its benefits in APL has remained controversial.
Table I summarizes consensus and controversial points in
supportive treatment including prevention and management
of the APL coagulopathy.

Front-line therapy: historical background

The first important success in APL therapy was reported by
Bernard et al (1973), who obtained high rates of complete
remission (CR) (70%) with daunorubicin given as
monotherapy. A significant proportion of patients (approxi-
mately 30%) receiving such treatment experienced long-term
remission, an unprecedented scenario that still today is not
observed for any single chemotherapy agent used for other
myeloid or lymphoid acute leukaemias. The observations
made in France were independently confirmed in Spain and
Italy, and extended to idarubicin (Petti et al, 1987; Avvisati
et al, 1990; Sanz et al, 1999).
chemotherapy remains one of the mainstays of APL treat-

Anthracycline-based

ment, being incorporated into several combinatorial proto-
cols with ATRA and ATO plus ATRA. Notwithstanding this,
the reasons underlying the exquisite sensitivity of APL to the
effects of anthracyclines remain poorly understood, although
absence of the multidrug resistance-associated gp170 protein
expression on the surface of APL blasts may contribute at
least a partial explanation (Paietta, 2003).

With the introduction of ATRA in the late 1980s, it was
shown that CR could be obtained through leukaemic cell dif-
ferentiation and without significant myelosuppression
(Huang et al, 1988; reviewed in Wang & Chen, 2008). How-
ever, responses with ATRA monotherapy were short-lived in
almost all patients and treatment was frequently associated
with severe DS (initially referred to as ATRA syndrome)
(Frankel, 1992). This led several cooperative groups to design
combinatorial approaches in which ATRA was used in asso-
ciation with chemotherapy. A randomized comparative study
by Fenaux et al (1993) demonstrated that simultaneous
ATRA and chemotherapy was better than ATRA and
chemotherapy given sequentially. The same group and a US
Intergroup collaborative study also showed a benefit from
adding maintenance therapy including intermittent ATRA
after induction and consolidation (Fenaux et al, 1999; Tall-
man et al, 2002).

In keeping with their previous observations, the Gruppo
Italiano per le Malattie EMatologiche dell’Adulto (GIMEMA)
and the Programa Espanol para el Tratamiento de las HEmo-
patias Malignas del Adulto (PETHEMA) used only an
anthracycline (idarubicin) as chemotherapy in addition to
simultaneous ATRA for remission induction, followed by
chemotherapy consolidation and maintenance therapy (Avvi-
sati et al, 1996; Mandelli et al, 1997; Sanz et al, 1999). The
ATRA plus IDArubicin (or AIDA) regimen was replicated
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Table I. Consensus and controversial issues in supportive therapy for newly diagnosed APL.

Consensus (European LeukaemiaNet)

Controversial issues

Management of coagulopathy

e Treatment with ATRA should be started immediately when a diagnosis of APL is

suspected without waiting for genetic confirmation

e Liberally transfuse with fresh frozen plasma, fibrinogen and/or cryoprecipitate and
platelet transfusions to maintain the fibrinogen concentration above 1-0-1-5 g/l and

platelet count above 30-50 x 10%/1, respectively

e Sporadic use of activated factor VII has been
reported for massive intracranial haemorrhage;
no systematic studies are available, and its use may
increase risk of thrombosis

o The benefit of heparin, tranexamic acid, other anticoagulant or antifibrinolytic
therapy remains questionable and these drugs should not be used routinely

outside the context of clinical trials

Management of hyperleucocytosis (WBC count >10 x 10°/1)

o Chemotherapy should be started without delay, even if the molecular

results are still pending

e Leucopheresis should be avoided due to risk of precipitating fatal haemorrhage

e Prophylactic steroids can be given, as they may reduce the risk of
APL differentiation syndrome

Management of APL differentiation syndrome

e The optimal cytotoxic agent (idarubicin,
gemtuzumab ozogamicin, hydroxycarbamide)
remains controversial, especially in the context of
chemotherapy-free protocols

Steroids (10 mg dexamethasone i.v. bd) should be started immediately at
the earliest clinical suspicion of incipient APL differentiation syndrome.
Once the syndrome has resolved, steroids can be discontinued and
ATO/ATRA resumed if previously interrupted

Temporary discontinuation of differentiation therapy (ATRA or ATO)

e Optimal steroid type and duration of prophylaxis
is still matter of debate

e The subset of patients who benefit from DS
prophylaxis is still matter of debate

is indicated only in case of severe differentiation syndrome

APL, acute promyelocytic leukaemia; ATRA, all-trans retinoic acid; WBC, white blood cell.

worldwide and became one of the most widely used standard
treatments for newly diagnosed patients. The PETHEMA
studies contributed to the feasibility of treatment de-intensi-
fication with omission of non-anthracycline agents from con-
solidation and, together with the GIMEMA results, formed
the basis for a meta-analysis and a joint collaboration that
ultimately led to a proposal for relapse risk assessment. The
so-called Sanz risk score, essentially based on WBC count at
diagnosis, allowed further refinement of front-line APL ther-
apy through upfront risk assessment and the use of risk-
adapted ATRA and chemotherapy (Sanz et al, 2000).

Results with risk-adapted ATRA and
chemotherapy in newly diagnosed patients

The first PETHEMA trial that used a risk-adapted strategy,
LPA99, evaluated consolidation therapy with ATRA plus 3
chemotherapy courses based on intensified idarubicin doses
for patients with intermediate- and high-risk APL. Compared
with the previous LPA96 trial, the addition of ATRA and
intensified chemotherapy significantly reduced the 3-year
cumulative incidence of relapse (CIR; 9% vs. 20%, respec-
tively; P = 0-004) and significantly improved disease-free sur-
vival (DFS; P = 0-002) and overall survival (OS; P = 0-02)
(Sanz et al, 2004). The GIMEMA AIDA-2000 risk-adapted
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trial used cytarabine added to the classic anthracycline-based
consolidation chemotherapy for high-risk patients and intro-
duced, like the PETHEMA, ATRA during consolidation
cycles for patients of all risk categories. Compared with the
previous AIDA-0493 experience, in the AIDA-2000 trial, the
6-year OS and CIR rates for all patients were 78:1% vs.
87-4% (P =0-001) and 27-7% vs. 10-7% (P < 0-0001),
respectively. Significantly lower CIR rates for patients in the
AIDA-2000 were most evident in the high-risk group (49-7%
vs. 9:3%, P < 0-0001) (Lo-Coco et al, 2010). The dramatic
reduction in relapse rate obtained in high-risk patients with
the addition of cytarabine and ATRA in consolidation was
also reported by the PETHEMA LPA-2005 protocol, with a
3-year relapse rate of 11%, compared with 26% in the previ-
ous LPA-99 trial (P = 0-03). The LPA2005 study also investi-
gated a dose reduction of consolidation chemotherapy for
low and intermediate-risk patients, together with the addi-
tion of ATRA to consolidation therapy. This strategy in
non-high risk patients did not produce a survival advantage
compared with the previous study, but significantly reduced
haematological toxicity and hospitalization in this subset of
patients (Sanz et al, 2008).

The benefit of a risk-adapted approach generally employ-
ing reduced intensity chemotherapy for low-risk patients was
confirmed in parallel by several large multicentre studies,
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including those conducted in several countries worldwide
(Ades et al, 2006; Burnett et al, 2013; Asou et al, 2007;
reviewed in Sanz & Lo-Coco, 2011). Overall, these studies
concordantly indicated the feasibility and convenience of
treatment de-escalation in APL.

Open issues with ATRA and chemotherapy

Several aspects have been the subject of intensive investiga-
tion in the setting of ATRA and chemotherapy. The role of
cytarabine in induction chemotherapy regimens for front-line
therapy of APL has been explored in two prospective Euro-
pean randomized trials that compared ATRA plus anthracy-
cline-based induction combined or not with cytarabine.
Although no difference in CR rates was demonstrated in
either study, the French-Swiss- Belgian cooperative group
showed an increased risk of relapse when omitting cytarabine
from induction and consolidation courses (Ades et al, 2006).
On the other hand, the British Medical Research Council
study (MRC AMLI15 trial) reported a slight increase in num-
ber of deaths in remission when cytarabine was administered,
however this did not translate in significant differences in
survival rates (Burnett et al, 2013). While the use of cytara-
bine for induction has been questioned, there is greater con-
sensus on the benefit from using this agent during
consolidation in the high-risk setting.

No studies have directly compared the type of anthracy-
cline used for induction and consolidation, although a recent
matched-pair analysis comparing idarubicin and dauroru-
bicin showed no significant difference in antileukaemic effect
(Sanz et al, 2015).

Another controversial issue relates to the role of central
nervous system (CNS) prophylaxis. In fact, the subset of
patients who would benefit from CNS prophylaxis is still
debated with some investigators omitting it in all patient cat-
egories and others recommending it only for high-risk
patients (Sanz et al, 2009). In addition, the Spanish
PETHEMA reported an increased incidence of CNS relapse
in patients experiencing CNS bleeding at presentation or
during induction. Therefore, these latter cases could be con-
sidered for CNS prophylaxis, in all instances however to be
carried out at the end of induction (Montesinos et al, 2009).

As for maintenance therapy, the survival benefit produced
by the addition of maintenance after ATRA plus chemother-
apy induction and consolidation has been explored in ran-
domized studies with controversial results. A randomized
study conducted in France reported a survival benefit in
terms of OS for patients receiving maintenance therapy based
either on low-dose chemotherapy, ATRA or concurrent
ATRA and chemotherapy, particularly for those who received
combined low-dose chemotherapy and intermittent ATRA
(Fenaux et al, 1999). A large US North Intergroup random-
ized trial confirmed the survival benefit in both OS and DFS
for patients receiving ATRA maintenance after obtaining CR
with ATRA plus chemotherapy regimens (Tallman et al,
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2002). A subsequent GIMEMA trial, randomizing ATRA
alone versus ATRA plus low-dose chemotherapy versus only
low-dose chemotherapy versus no maintenance therapy, was
unable to demonstrate a significant benefit of maintenance
therapy in patients treated with the AIDA0493 protocol
(Avvisati ef al, 2011). As an important difference compared
with the aforementioned studies, it should be noted that in
the Italian study only patients achieving molecular complete
remission (mCR) were randomized for maintenance. By con-
vention, mCR is defined as the achievement of polymerase
chain reaction (PCR) negativity in bone marrow at the end
of consolidation using a test with sensitivity of 1 in 10°/10*
(Sanz et al, 2009). In keeping with the GIMEMA results,
another randomized multicentre trial conducted in Japan by
the Japan Adult Leukaemia Study Group (JALSG) reported
that intensified maintenance chemotherapy did not improve
DFS in patients in mCR after three courses of intensive con-
solidation therapy (Asou et al, 2007).

Alternative approaches for maintenance therapy have been
recently investigated. A JALSG trial explored the efficacy of
the synthetic retinoid tamibarotene (previously referred to as
Am80) as maintenance therapy in newly diagnosed patients,
comparing this strategy with ATRA. No difference was
detected between the two options in terms of survival, how-
ever a trend for improved efficacy was observed for tamibar-
otene in high-risk patients (Shinagawa et al, 2014).

In Table II, we summarize the main consensus and con-
troversial issues in the context of APL treated with conven-
tional ATRA plus chemotherapy regimens.

ATO-based regimens as front-line therapy

Arsenic trioxide was first employed in APL in the early
1990s, and showed high anti-leukaemic efficacy as single
agent in patients relapsing after ATRA plus chemotherapy
front-line regimens. High CR rates were associated with mild
toxicity, particularly in terms of myelosuppression and QTc
prolongation (Ohnishi et al, 2000; Lengfelder et al, 2012).
Given the encouraging results in relapsed disease, ATO was
soon investigated as part of front-line regimens in APL, both
as single agent or in combination with ATRA and/or
chemotherapy.

Single-agent ATO front-line therapy has been tested in
two prospective non-randomized trials in India and Iran. In
both studies ATO was administered as the sole therapy for
remission induction and consolidation/maintenance therapy.
At 60 months of follow-up, the 5-year OS, event-free survival
(EFS) and DEFS in the Indian study were 74-2%, 69% and
80%, respectively (Mathews et al, 2010). Similar results were
reported by Iranian investigators with 5-year DFS and OS
rates of 66-7% and 64-4% in the longer follow-up (Ghavam-
zadeh et al, 2011).

In vitro and in vivo studies demonstrated a potent syner-
gistic effect of ATRA and ATO. At the molecular level, ATRA
and ATO were both shown to induce modulation and/or

© 2015 John Wiley & Sons Ltd
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Table II. Consensus and controversial issues in frontline treatment with ATRA and chemotherapy.

Consensus (European LeukaemiaNet)

Controversial issues

Induction therapy

Induction therapy should consist of the administration of concomitant
ATRA and anthracycline-based chemotherapy

e Probably unnecessary the addition of cytarabine to
anthracyclines and ATRA for induction

Standard induction therapy should not be modified based on the presence

of leukaemia cell characteristics that have variably been considered to
predict a poorer prognosis (e.g. secondary chromosomal abnormalities,
FLT3 mutations, CD56 expression, and BCR3 PML-RARA isoform)
Treatment with ATRA should be continued until achievement of CR,
which occurs in virtually all patients following conventional

ATRA + anthracycline induction schedules

Clinicians should refrain from making therapeutic modifications

on the basis of incomplete blast maturation (differentiation) detected
up to 50 d or more after the start of treatment by morphology,
cytogenetics or molecular assessment

Consolidation therapy

Two or 3 courses of anthracycline-based chemotherapy are considered
the standard approach for consolidation therapy

The addition of ATRA to chemotherapy in consolidation provides
clinical benefit

Consolidation for high-risk patients younger than 60 years with
WBC counts higher than 10 x 10°/1 should include at least one
cycle of intermediate or high-dose cytarabine

ATO in consolidation should at present be restricted to investigation
within clinical trials or to patients considered unfit for conventional
chemotherapy

Molecular remission in the bone marrow should be assessed at

o The subset of patients who benefit from CNS
prophylaxis is still matter of debate:
e High-risk patients
e Patients who had CNS bleeding at presentation
or during induction

completion of consolidation by RT-PCR assay with sensitivity of 1 in 10°~10*

Patients with confirmed molecular persistence should be
considered for allogeneic SCT

Management after consolidation

Maintenance therapy should be used for patients who have received an
induction and consolidation treatment regimen wherein maintenance
has shown a clinical benefit

Because early treatment intervention in patients with evidence of MRD
affords a better outcome than treatment in full-blown relapse, MRD
monitoring of bone marrow should be offered for up to 3 years after
completion of consolidation

Bone marrow generally affords greater sensitivity for detection of MRD
than blood and allows better MRD monitoring to guide therapy

For patients testing PCR positive at any stage following completion of
consolidation, it is recommended that a bone marrow is repeated for

MRD assessment within 2 weeks and that samples are sent to a
reference laboratory for independent confirmation

o The benefit of maintenance therapy for patients
achieving mCR has been questioned

e The use of prolonged low-dose chemotherapy may
contribute to development of secondary leukaemias

e Monitoring may not be cost-effective for those
patients with low relapse risk

ATRA, all-trans retinoic acid; ATO, arsenic trioxide; CR, complete remission; mCR, molecular complete remission; WBC, white blood cell; RT-

PCR, reverse transcription polymerase chain reaction; SCT, stem cell transplantation; MRD, minimal residual disease; CNS, central nervous sys-

tem.

degradation of the PML/RARA oncoprotein through direct
binding to distinct PML/RARA moieties (Wang & Chen,
2008; de Thé & Chen, 2010; de Thé et al, 2012). This potent
synergistic effect was documented in clinical studies. In 2004,
Chinese investigators from the Shanghai Institute of Haema-

© 2015 John Wiley & Sons Ltd
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tology published the results of a prospective study that ran-
domized patients to receive ATRA, ATO or the combination
of the two agents for remission induction therapy, followed
by chemotherapy-based consolidation (Shen et al, 2004).
ATRA plus ATO produced a faster CR achievement, a more
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profound reduction of PML/RARA transcripts, and a lower
relapse rate when compared with ATRA or ATO as single
agents (Shen et al, 2004).

Strategies combining ATO plus ATRA £ chemotherapy
were investigated by several groups worldwide. A chemother-
apy-free approach with ATO plus ATRA was tested in a pilot
study by investigators at the MD Anderson Cancer Center
(MDACC) for low-intermediate risk APL, with the addition
of a single dose of GO at 9 mg/m” on the first day of induc-
tion therapy for high-risk patients (Estey et al, 2006). In the
final extended series of 82 patients, 65 were treated with
ATO starting on day 10 of induction therapy and the rest
with ATO started concomitantly with ATRA on the first day
of therapy (Ravandi et al, 2009). After induction, all patients
received 4 consolidation cycles with ATRA and ATO. Over-
all, the response rate after induction was 92%, with seven
early deaths occurring within the first 24 d after inclusion in
the study. With a median follow-up of 24 months, three
patients relapsed and three died in CR, all from a second
malignancy. The estimated 3-year survival rate was 85%.

A US Intergroup study investigated the benefit of ATO
added to ATRA and chemotherapy consolidation (Powell
et al, 2010). Patients were randomized to receive either a
standard induction regimen consisting of ATRA, cytarabine
and daunorubicin, followed by two courses of consolidation
therapy with ATRA and daunorubicin, or to the same induc-
tion and consolidation regimen with two 25-d additional
courses of ATO administered after induction. Three-year EFS
was significantly better for patients receiving ATO consolida-
tion compared with standard therapy (80% vs. 63%,
P < 0-0001), as was 3-year DFS. ATO as part of consolida-
tion therapy was employed in another US prospective, non-

randomized study administering standard ATRA and
daunorubicin for induction therapy followed by one consoli-
dation cycle with combined ATO and cytarabine and
daunorubicin (Gore et al, 2010). A total of 45 patients were
enrolled in this study and, after a median follow-up of
2.7 years, estimated DFS and OS were 90% and 88%, respec-
tively. Together, these studies further indicated the possibility
of reducing the need for chemotherapy when ATO was
included as part of front-line treatment.

In 2012, the Australasian Leukaemia and Lymphoma
Group published the single arm phase II APML4 study com-
bining ATO, ATRA and chemotherapy as front-line therapy
for APL of all risk categories (Iland et al, 2015). Induction
therapy consisted of the AIDA schedule with the addition of
ATO at 0-15 mg/kg from day 9 to 36. Consolidation con-
sisted of 2 additional cycles of ATRA and ATO without
chemotherapy, followed by maintenance with low-dose
chemotherapy. The 2-year rate for freedom from relapse was
97-5% and for OS, 93-2%. Compared with historical controls
(APMLS3 protocol) based on standard ATRA plus chemother-
apy approach, patients in the APML4 had a significantly
improved freedom from relapse and failure-free survival. The
results of the main ATO-based studies in front-line APL,
with the exception of the two randomized ATRA + ATO ver-
sus  ATRA-chemotherapy comparative trials, which are
reported separately, are shown in Table III.

ATRA + ATO versus ATRA + chemotherapy
randomized studies

Two large multicentre studies compared the ATRA-ATO
combination versus the standard ATRA-chemotherapy

Table III. Results with ATO (+ATRA =+ chemotherapy) in front-line treatment.

Study Patients (n)  Therapy CR,% mCR, % Relapse, %  OS, % DES, %
Shen et al (2004) 61 ATRA alone 95 NR 26 91-7 70
ATO alone 90 11 (5 years) 88
ATRA + ATO 952 - 100
Ravandi et al (2009) 82 ATO + ATRA (+GO) 9 92 4 85 ND
(3 years)
Mathews et al (2010) 72 ATO alone 86 69-7 NR 74-2 80
(5 years) (5 years)
Gore et al (2010) 45 Standard CHT + ATO consolidation 91 97 22 88 90
Powell et al (2010) 481 Standard CHT 90 NR NR 86 70
Standard CHT + 2 ATO cycles 90 NR NR 81 90
(3 years) (3 years)
Ghavamzadeh et al (2011) 94 ATO alone 86-3 92 253 64-4 66-7
(5 years) (5 years)
Zhu et al (2013) 242 Oral arsenic 99-1 100 0-8 99-1 98-1
iv. ATO 97-4 100 0-8 96-6 955
(3 years) (2 years)
Tland et al (2015) 124 ATO + CHT + ATRA 95 100 1.7 94 95
(4-2 years)  (4-2 years)

CR, complete remission; mCR, molecular complete remission; OS, overall survival; DFS, disease-free survival; ATRA, all-trans retinoic acid; ATO,

arsenic trioxide; GO, gemtuzumab ozogamicin; CHT, chemotherapy; NR, not reported; ND, not done.
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approach in newly diagnosed patients. The APL0406 trial
conducted in Italy and Germany by the GIMEMA, AML
Study Group (AMLSG) and Study Alliance Leukaemia (SAL)
cooperative groups, randomized patients with low/intermedi-
ate risk APL to receive ATRA plus ATO or the standard
ATRA and chemotherapy (AIDA) (Lo-Coco et al, 2013). The
experimental arm was derived from the MDACC study, with
ATO and ATRA given concomitantly as remission induction
therapy starting from day 1, followed by 4 consolidation
cycles with intermittent ATO (4 weeks on/4 weeks off) and
ATRA (2 weeks on/2 weeks off) and with no maintenance
therapy. The study results, reported in 2013, showed that
ATO-ATRA was superior in terms of both EFS and OS com-
pared with AIDA (2-year EFS: 97% vs. 86%, P = 0-02; 2-year
0OS: 99% vs. 91%; P = 0-02). As expected, the chemotherapy-
free approach was associated with considerably less haemato-
logical toxicity. Patients receiving ATRA-ATO experienced
frequent liver enzyme increase and QT prolongation, which
were successfully managed with temporary discontinuation
and/or dose adjustment. A recent update of the study on an
extended final series of 276 patients showed increasingly bet-
ter results for patients in the ATRA-ATO arm (2-year EFS
98% vs. 84:9%, P = 0-0002), 2-year OS 99-1% vs. 94-4%,
P = 0-01). The analysis on the extended series also showed a
significantly lower CIR in the ATRA plus ATO group com-
pared with the AIDA cohort (1-1% and 9-4%, respectively;
P = 0-005) suggesting greater efficacy of this approach (Platz-
becker et al, 2014).

The UK National Cancer Research Institute (NCRI) group
recently reported the randomized trial AML17, which com-
pared a chemotherapy-free ATO plus ATRA combination
with the standard AIDA regimen (Burnett et al, 2015). The
study included 57 high-risk out of a total of 235 enrolled
patients. As in the MDACC study (Ravandi et al, 2009), there
was a provision for high-risk patients to receive a single infu-
sion of GO (at 6 mg/m?) during the first 4 d of induction
therapy. At variance from the GIMEMA-AMLSG-SAL study,
the NCRI adopted a different ATO schedule (0-3 mg/kg on
days 1-5 of each course and then at 0-25 mg/kg twice weekly
in weeks 2-8 of course 1 and weeks 2—4 of courses 2-5);
moreover, unlike the Italian-German trial, the control arm in
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the NCRI study contained no maintenance. CR after induc-
tion therapy was achieved in 89% and 94% patients in the
ATRA-chemotherapy and ATRA-ATO arms respectively, with
a 30-d mortality of 6% and 4%, respectively. The 4-year
molecular recurrence-free survival was 70% in patients receiv-
ing ATRA and idarubicin and 98% in those treated with ATO
and ATRA (P <0-0001). Similarly, 4-year cumulative inci-
dence of molecular relapse was higher in the ATRA and
idarubicin arm compared with ATO + ATRA arm (18% vs.
1%; P = 0-0007). The 4-year OS in the NCRI study was com-
parable between the ATO and chemotherapy group (93% vs.
89%; P = 0-25). The study reported similar types of toxicities
as in the GIMEMA APL0406 study for patients in the ATO
group in terms of DS and cardiac side effects, with a lower
incidence of grade 3—4 hepatic toxicity. Interestingly, com-
pared to their previous AMLI5 trial, which included mainte-
nance, the rate of therapy-related myeloid neoplasms (t-MN)
in the AML17 dropped from 9/285 to 1/119 considering
patients receiving chemotherapy. To the best of our knowl-
edge, no cases of t-MN have been reported so far in major
ATO-based studies (Mathews et al, 2010; Powell et al, 2010;
Lo-Coco et al, 2013; Burnett et al, 2015; Iland et al, 2015).

Taken together, the results of the two studies provide strong
evidence in favour of the chemotherapy-free ATRA-ATO
and point to this strategy as a new standard of care for
low-intermediate risk patients. The main findings of the two
randomized trials are summarized in Table IV.

Open issues in front-line regimens including
ATO

The results obtained with ATO-ATRA in low-intermediate
risk patients by the APL0406 (Lo-Coco et al, 2013) led the
NCCN (NCCN, 2015) and a Canadian expert panel (Seftel
et al, 2014) to indicate the chemo-free regimen as a new
standard in this setting. This recommendation for low-inter-
mediate risk patients is now reinforced with results along the
same lines provided by the independent randomized study of
the NCRI (Burnett ef al, 2015). Open issues remaining in
this area include the type of ATO schedule to be adminis-
tered and the possibility of eventually switching to oral

Table IV. Randomized, prospective studies comparing ATRA + CHT versus ATRA + ATO.

Median age
Study Patients (n) [years] (range) Treatment CR (%) EFS (%) OS (%) CIR (%) DES (%) Median follow-up
Lo-Coco et al (2013) 276 46 (18:7-70-2) ATRA + ATO 100 98 99-1 1-1 98 36 months
(APL0406) versus 97 84-9 94.4 9.4 87.9 (1-75)
ATRA + CHT
Burnett et al (2015) 235 47 (16-77) ATRA + ATO 94 91 93 1 NR 30-5 months
(AML17) versus 89 70 89 18 (3-41-2)
ATRA + CHT

CR, complete remission; EFS, event-free survival; OS, overall survival; CIR, cumulative incidence of relapse; DFS, disease-free survival; APL0406,

acute promyelocytic leukaemia 0406 trial; AML17, acute myeloid leukaemia 17 trial; ATRA, all-trans retinoic acid; ATO, arsenic trioxide; GO,

gemtuzumab ozogamicin; CHT, chemotherapy; NR, not reported.
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arsenic, assuming that this formulation might be available in
the near future. While preliminary evidence obtained from
China suggests that oral arsenic plus ATRA is equally effec-
tive and safe in low-intermediate APL as i.v ATO plus ATRA
(Zhu & Huang, 2014), the results of an on-going randomized
comparison are awaited.

As for high-risk disease, preliminary evidence from trials
combining ATRA-ATO with chemotherapy (idarubicin in
the Australasian APML4 or GO in the AML17) indicate high
efficacy of ATO in this subset of patients and suggest that
the triple association (so-called ‘triple A’ for ATRA-ATO-
Anthracycline) may be curative in high-risk patients as well,
minimizing the necessary amount of chemotherapy (Burnett
et al, 2015; Iland et al, 2015). However, the type and dose of
initial chemotherapy needed during induction in association
with ATRA-ATO are unclear. In addition, while GO was
repeatedly shown to be highly effective in this setting
(Ravandi et al, 2012), this agent has been withdrawn from
the market and is not presently available for clinical use in
Europe and the US. Given the uncertainties and scarce data
from randomized studies available in high-risk APL, a multi-
centre study is presently being launched as a European Inter-
group collaboration to compare ATRA-ATO plus 2 doses of
idarubicin (given only for induction) versus the standard
AIDA (including cytarabine in consolidation).

Another area still open to debate and investigation is the
management of complications of ATO therapy. Among these,
QTc prolongation is one of the most common and has
recently been the subject of a single-centre US study, which
aimed at identifying the optimal correction formula to be
employed in QTc calculation (Roboz et al, 2014). The study
reported that currently used ATO schedules are devoid of
clinically significant cardiac arrhythmias and that overestima-
tion of the QT prolongation may result from inappropriate
correction formulas (such as Bazett). As a consequence, a
recommendation was made in this study to use appropriate
correction of the QT and to increase the threshold for ATO
temporary withdrawal in clinical practice at 500 ms instead
of the current 460-470 ms (Roboz et al, 2014).

Hyperleucocytosis developing after the beginning of ther-
apy is another side effect frequently seen in patients with
non-high risk APL receiving the chemo-free ATRA-ATO reg-
imen. It is very important that isolated hyperleucocytosis is
distinguished from DS as the latter requires a distinct thera-
peutic approach (see above). In the Italian-German APL0406
trial, hydroxycarbamide (also termed hydroxyurea) alone was
sufficient to control increased WBC count during induction
in all patients experiencing this complication, while GO (one
dose at 6 mg/m*) was used for the few low-intermediate
patients developing hyperleucocytosis in the UK NCRI trial.

Neurological toxicity mainly consisting of peripheral neu-
ropathy has been reported in studies employing ATO. Usu-
ally, this mild side effect was managed with temporary
discontinuation. Scarce data are available on neurotoxic
effects of ATO in the long-term.
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One important unsolved issue related to ATO-based regi-
mens is whether CNS prophylaxis is needed or not in this
therapeutic context. In fact, specific pharmacodynamic stud-
ies indicated that approximately one-third of ATO crosses
the blood-brain barrier (Kiguchi et al, 2010), which could
suggest that a sufficient amount of drug is available on site
to prevent disease recurrence. Long-term outcome results
with ATO are awaited to better clarify this issue.

Finally, accessibility to ATO for front-line therapy is a
major problem because the drug is currently only
approved for treatment of disease relapse in the US and
Europe. Furthermore, the commercially available drug is
extremely expensive and this further limits patient access
to the new treatment. Given the available evidence on its
benefit, it is desirable that labelling extension of ATO
could be soon approved in order to facilitate patient access
to the drug.

The unsolved problem of early death

The impressive improvement in APL outcomes and the cur-
rent long-term cure rates exceeding 90%, reported in modern
clinical trials, have been recently challenged by registry-based
studies exploring APL outcomes in the real world. Four pop-
ulation-based studies from Sweden, Canada and US have
highlighted the issue of early mortality in APL, whose rate is
reduced to very low patient fractions (approximately 5%) in
clinical trials after the introduction of ATRA- and
chemotherapy- based protocols. The Swedish investigators
first reported the possible discordance between clinical trials
and data from the real world on early mortality rates (Leh-
mann ef al, 2011). Of 105 APL patients diagnosed between
1997 and 2006, 30 (29%) died within 30 d of diagnosis,
mostly due to fatal haemorrhagic events. Data from the US
Surveillance, Epidemiology, and End Results registry on a
larger series of 1400 APL patients diagnosed between 1992
and 2007 confirmed high early death rates of 17-:3%, with no
significant change over time (Park et al, 2011). In line with
the above reports, a Canadian registry study reported an
overall early mortality rate of 21% in a population of 399
APL patients diagnosed between 1993 and 2007 (Paulson
et al, 2014). All studies consistently reported older age, high
WBC counts and poor performance status as predictive fac-
tors for early mortality. A high percentage of early deaths
was recorded in patients who were not started on ATRA
(35% in the Swedish study) and early mortality rate was
lower when patients were treated in specialized leukaemia
Institutions (Paulson et al, 2014). A recent single centre
study from Stanford University reported an early mortality
rate reaching 30% for APL patients diagnosed and treated
from 1997, with no delay observed in diagnosis or ATRA
administration (McClellan et al, 2012). In another single-cen-
tre study from Italy, patients with life-threatening haemor-
rhages before starting therapy had delayed diagnosis due to
initial hospitalization in non-specialized, primary care

© 2015 John Wiley & Sons Ltd
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institutions with no experience in treatment of leukaemia
(Breccia et al, 2010).

These data indicate that early mortality still represents a
challenge in APL therapy and that it is currently an underes-
timated phenomenon in clinical trials due to exclusion from
studies for old age or poor performance. In addition, the
above studies indicate the need for greater educational effort
at primary care and emergency centres in order to improve
early diagnosis and patient referral to specialized centres.

Current therapy for relapsed patients and role
of SCT

Current literature on the treatment of relapsed APL is only
available for patients relapsing after ATRA and chemother-
apy. Given the more recent use of ATO and the improved
outcome obtained with this agent, very few studies have
reported results of small series of patients in the setting of
relapse after ATO-based treatment. It is likely that the cur-
rent scenario of APL relapse will change in the near future,
and the clinical and biological features of post-ATO relapses,
together with their optimal management, will be the subject
of present and future investigation.

About 20% of patients have been reported to relapse after
modern, risk-adapted ATRA and chemotherapy regimens
(Lengfelder et al, 2005). Three studies showed the clinical
benefit of early identification of disease recurrence and pre-
emptive therapy at the time of molecular relapse (Grimwade,
1999; Lo-Coco et al, 1999; Esteve et al, 2007). This is con-
ventionally defined as two consecutive reverse transcription-
PCR (or real-time quantitative-PCR) positive tests in marrow
samples collected 2—4 weeks apart after front-line induction
and consolidation. The quantitative RQ-PCR assay offers the
possibility of measuring the kinetics and trend of PML/RARA
transcripts. In historical comparisons, early therapeutic inter-
vention increased the probability of overall survival as com-
pared with patients who received salvage treatment at the
time of haematological relapse (Grimwade, 1999; Lo-Coco
et al, 1999; Esteve et al, 2007). Treatment of molecular
relapse was associated with some benefits, such as a better-
tolerated treatment, without need of hospitalization and
without recorded early death and DS. Given the improve-
ments in front-line therapy discussed above and the very low
risk of relapse with novel regimens, the value of extensive
molecular monitoring beyond achievement of molecular
remission may be questioned, at least in low-risk disease.

In 2009, an expert panel on behalf of the European Leu-
kaemiaNet published recommendations for management of
relapsed APL based on evidence reported in the literature.
Two cycles of ATO & ATRA were considered the best option
for patients relapsing after ATRA and chemotherapy. In
patients achieving a second mCR, the suggested options were
intensification with autologous SCT or, alternatively, pro-
longed ATRA-ATO. In the absence of a randomized compar-
ison, the choice between these two options should rely on

© 2015 John Wiley & Sons Ltd
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individual assessment, taking into consideration patient age
and performance status and the duration of first CR. Allo-
geneic SCT was recommended for patients who fail to
achieve a second mCR after two ATO cycles or in those who
relapse after a short-lived (<1 year) first CR (Sanz et al,
2009). NCCN 2015 guidelines recommend the use of an
ATO-containing regimen in relapsed APL patients not previ-
ously exposed to ATO either in late relapse (>6 months) or
in early relapse (<6 months) after an ATO/anthracycline
containing regimen. For patients previously exposed to
ATO-ATRA (without anthracycline), standard ATRA-
chemotherapy regimens are recommended with the addition
of ATO, 0-15 mg/kg/d. Patients who remain PCR positive
after two cycles of treatment who cannot receive an allo-
geneic SCT should be proposed for investigational trials (Sef-
tel et al, 2014; NCCN guidelines, version 1.2015).

The first experiences with ATO as salvage treatment in
APL were reported in China (Shen et al, 1997) and North
America. The US Intergroup study, whose results led to
approval of ATO as salvage therapy by the US Food and
Drug Administration and European Medicines Agency,
showed a CR rate of 85% in 40 patients treated with ATO as
single agent, with an estimated 18-month survival of 66%
(Soignet et al, 2001). In a literature review, Lengfelder et al
(2012) reported more than 300 patients treated at relapse
with ATO between 1997 and 2011, usually with 1-2 monthly
re-induction schedules of 0-15 mg/kg/d given i.v. and vari-
able post-induction therapies, with 60 patients receiving
autologous or allogeneic SCT. The study reported a CR rate
of 86%, a mCR rate of 52% after the first cycle which
increased to up to 80% after the second cycle, with 7% early
death mortality and resistance rates, and estimated 2-year OS
ranging from 50% to 81% (Lengfelder et al, 2012). A meta-
analysis showed that the ATRA plus ATO combination
increased the CR rate post-consolidation (70% vs. 39% with
ATO alone) and the 2-year DFS (85% vs. 64%), without
increasing early death rate (Wang et al, 2011). Two more
recent studies again reported the efficacy of ATO in first
relapse: Lou et al (2014) reported 64 patients treated with
ATO in first relapse (12 molecular and 52 overt haematologi-
cal relapse). At a median follow-up of 27 months, 3-year
relapse-free survival (RFS) and OS were 81-5% and 100% in
the molecular relapse group, compared with 57% and 72%
in the haematological relapse group, respectively. Autologous
or allogeneic SCT was recommended for patients under
60 years.

A registry study of the European LeukaemiaNet recently
reported on 155 patients treated with ATO in first relapse:
104 received the drug for haematological relapse, 40 for
molecular relapse and 11 for extramedullary relapse. A higher
rate of APL DS (27% vs. 0%) and infections (43% vs. 10%)
was recorded in patients treated in haematological relapse as
compared with molecular relapse. These data show the sig-
nificant advantage of stringent molecular follow-up in order
to anticipate treatment at the time of molecular relapse, both
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for chemo-free as for chemotherapy-based regimens. No con-
sensus has been reached on the duration of molecular fol-
low-up in the setting of APL relapse.

The choice of post-consolidation approaches including
autologous allogeneic SCT or other treatments remains
debated due to the lack of randomized studies (Lengfelder
et al, 2015). The French group retrospectively reviewed and
compared autologous versus allogeneic transplants in the
relapse setting: 7-year RFS and OS were 79-4% and 59-8%
for autologous and 92:3% and 51:8% for allogeneic trans-
planted patients, but with increased mortality rate in the
allogeneic setting (de Botton et al, 2005). An EBMT survey
in a group of 195 patients reported similar results with 51%
5-year EFS and 16% treatment-related mortality (Sanz et al,
2007).

A multicentre Italian retrospective experience reported 31
patients receiving allo-SCT for CR2 or CR3 with 5-year OS
of 45% and TRM of 19%: probability of survival depended
on CR number and PCR status at time of SCT (Ramadan
et al, 2012). In another study, 37 relapsed patients treated
with ATO-ATRA were randomized to continue with the
same regimen or autologous consolidation after achievement
of a second remission: OS and EFS were higher in patients
who received autologous SCT (Thirugnanam et al, 2009). In
a single-centre study, 13 patients were autografted in second
mCR after chemotherapy and ATRA for reinduction: after a
median follow-up of 25 months, 10 patients were alive in
mCR (Ferrara et al, 2010). A phase 2 prospective study from
Japan assessed autologous SCT with PCR-negative harvest
after ATO was used for re-induction and consolidation in 23
out of 35 patients who were fit for the procedure: in the
whole cohort, they reported and OS of 65% and EFS 77%
with a survival curve that reached a stable plateau after
2 years (Yanada et al, 2013).

In summary, autologous SCT appears to be a suitable
option for younger patients in second mCR capable of
receiving high dose chemotherapy as conditioning regimen.
However, this option may be questioned for patients relaps-
ing after very prolonged first CR (>2 years) in which contin-
ued ATRA and ATO (for up to 5-6 cycles) without SCT
might be curative (Breccia et al, 2011). Allogeneic SCT
should be restricted to patients not achieving mCR after two
cycles of re-induction therapy.

Central nervous system prophylaxis is usually recom-
mended at relapse using the same precautions in case of
haematological relapse, i.e. avoiding lumbar puncture in
cases with overt relapse and postponing the procedure before
consolidation.

Current new therapeutic strategies

Oral arsenic formulations have been reported to be effective
in relapsed and newly diagnosed APL (Au et al, 2003; Zhu
et al, 2013). Oral tetra-arsenic tetra sulphide (indigo realgar)
has been recently tested as frontline treatment and compared
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with the conventional i.v. ATO in a non-inferiority study.
A total of 242 patients were randomly assigned to oral or i.v.
arsenic plus ATRA for induction and three consolidation
courses, and then stratified for oral or i.v. ATO plus ATRA
maintenance according to the induction arm. After a median
follow-up of 39 months, no significant differences were
observed in CR rates or 3-year OS (99-1% vs. 96-6%) (Zhu
et al, 2013). Oral arsenic also showed a safety profile compa-
rable to i.v. ATO in the same study, with no differences in
the rate of non-haematological side effects, and similar inci-
dence of grade 3—4 liver adverse events (Zhu et al, 2013).
A pilot study was conducted by the same group in 20 non-
high risk patients treated with oral ATO and ATRA, without
chemotherapy (Zhu & Huang, 2014). Post-remission therapy
included oral ATO on a 4 weeks on/4 weeks off schedule
and ATRA for 7 months. All patients achieved morphological
CR after the first month of therapy and mCR of 100% at
6 months. At a median follow-up of 14 months, no relapses
had occurred and half of patients were treated on an outpa-
tient basis (Zhu & Huang, 2014).

The synthetic retinoic AM80 or tamibarotene has been ini-
tially tested in relapsed/refractory APL. This agent showed
greater retinoic acid receptor binding capacity in vitro, low
binding affinity to cellular retinoic acid binding protein 1
and increased differentiation induction potential (Ohnishi,
2007). In a small study including 24 evaluable patients, 14
(58%) achieved CR and the major side effects were hyperc-
holesterolemia and hypertriglyceridemia (Tobita et al, 1997).
Recently, a randomized Japanese study tested the same agent
as maintenance therapy in comparison to ATRA. No signifi-
cant differences were reported in the long-term follow-up
analysis, however increased efficacy for tamibarotene was
observed in high-risk patients (Shinagawa et al, 2014). Tami-
barotene was also tested at 6 mg/m? for induction and con-
solidation in a phase II trial in APL patients refractory or
relapsed after treatment with ATO and ATRA. Overall
response rate was 64% with 21% mCR. Relapses were fre-
quent after a median of 4-6 months (Sanford et al, 2015).
These data suggest activity efficacy of tamibarotene in
advanced disease; its use in association with ATO will proba-
bly be explored in the near future.

Acknowledgements

Supported by the Associazione Italiana contro le Leucemie
(AIL) and Associazione Italiana per la Ricerca sul Cancro
(AIRC) IG 15467 to FLC. We are grateful to M.A. Sanz and
M.T. Voso for reading the manuscript and to G. Lo-Coco
for English revision.

Author contributions

LC and MB reviewed the literature and wrote a first draft of
the paper. FLC identified and designed the review sections
and tables and wrote the paper.

© 2015 John Wiley & Sons Ltd
British Journal of Haematology, 2016, 172, 841-854



References

Ades, L., Chevret, S., Raffoux, E., de Botton, S.,
Guerci, A., Pigneux, A., Stoppa, A.M., Lamy, T.,
Rigal-Huguet, F., Vekhoff, A., Meyer-Monard,
S., Maloisel, F., Deconinck, E., Ferrant, A., Tho-
mas, X., Fegueux, N., Chomienne, C., Dombret,
H., Degos, L. & Fenaux, P.; European Acute
Promyelocytic Leukemia Group. (2006) Is
cytarabine useful in the treatment of acute
promyelocytic leukemia? Results of a random-
ized trial from the European Acute Promyelo-
cytic Leukemia Group. Journal of Clinical
Oncology, 24, 5703-5710.

Ades, L., Sanz, M.A., Chevret, S., Montesinos, P.,
Chevallier, P., Raffoux, E., Vellenga, E., Guerci,
A., Pigneux, A., Huguet, F., Rayon, C., Stoppa,
AM., de la Serna, J., Cahn, J.Y., Meyer-Monard,
S., Pabst, T., Thomas, X., de Botton, S., Parody,
R., Bergua, J., Lamy, T., Vekhoff, A., Negri, S.,
Ifrah, N., Dombret, H., Ferrant, A., Bron, D.,
Degos, L. & Fenaux, P. (2008) Treatment of
newly diagnosed acute promyelocytic leukemia
(APL): a comparison of French-Belgian-Swiss
and PETHEMA results. Blood, 111, 1078-1084.

Asou, N., Kishimoto, Y., Kiyoi, H., Okada, M.,
Kawai, Y., Tsuzuki, M., Horikawa, K., Matsuda,
M., Shinagawa, K., Kobayashi, T., Ohtake, S.,
Nishimura, M., Takahashi, M., Yagasaki, F.,
Takeshita, A., Kimura, Y., Iwanaga, M., Naoe, T.
& Ohno, R Japan Adult Leukemia Study
Group. (2007) A randomized study with or
without intensified maintenance chemotherapy
in patients with acute promyelocytic leukemia
who have become negative for PML/RARA tran-
script after consolidation therapy; the Japan
Adult Leukemia Study Group (JALSG) APL97.
Blood, 110, 59-66.

Au, W.Y., Kumana, C.R., Kou, M., Mak, R., Chan,
G.C,, Lam, CW. & Kwong, Y.L. (2003) Oral
arsenic trioxide in the treatment of relapsed
acute promyelocytic leukemia. Blood, 102, 407—
408.

Avvisati, G., Mandelli, F., Petti, M.C., Vegna, M.L.,
Spadea, A., Liso, V., Specchia, G., Bernasconi,
C., Alessandrino, E.P., Piatti, C. & Carella, A.M.
(1990) Idarubicin (4-demethoxydaunorubicin)
as single agent for remission induction of previ-
ously untreated acute promyelocytic leukemia: a
pilot study of the Italian cooperative group
GIMEMA. European Journal of Haematology, 44,
257-260.

Avvisati, G., Lo-Coco, F., Diverio, D., Falda, M.,
Ferrara, F., Lazzarino, M., Russo, D., Petti, M.C.
& Mandelli, F. (1996) AIDA (all-trans retinoic
acid + idarubicin) in newly diagnosed acute
promyelocytic leukemia: a Gruppo Italiano
Malattie Ematologiche dell’Adulto (GIMEMA)
pilot study. Blood, 88, 1390-1398.

Avvisati, G., Lo-Coco, F., Paoloni, F.P., Petti,
M.C., Diverio, D., Vignetti, M., Latagliata, R.,
Specchia, G., Baccarani, M., Di Bona, E., Fiori-
toni, G., Marmont, F., Rambaldi, A., Di Rai-
mondo, F., Kropp, M.G., Pizzolo, G., Pogliani,
E.M., Rossi, G., Cantore, N., Nobile, F., Gabbas,

© 2015 John Wiley & Sons Ltd

A., Ferrara, F., Fazi, P.,, Amadori, S. & Mandelli,
F.; GIMEMA, AIEOP, and EORTC Cooperative
Groups. (2011) AIDA 0493 protocol for newly
diagnosed acute promyelocytic leukemia: very
long-term results and role of maintenance.
Blood, 117, 4716-4725.

Bernard, J., Weil, M., Boiron, M., Jacquillat, C.,
Flandrin, G. & Gemon, M.F. (1973) Acute
promyelocytic leukemia: results of treatment by
daunorubicin. Blood, 41, 489-496.

de Botton, S., Fawaz, A., Chevret, S., Dombret, H.,
Thomas, X., Sanz, M., Guerci, A., San Miguel,
J., de la Serna, J., Stoppa, A.M., Reman, O.,
Stamatoulas, A., Fey, M., Cahn, ].Y., Sotto, J.J.,
Bourhis, J.H., Parry, A., Chomienne, C., Degos,
L. & Fenaux, P. (2005) Autologous and allo-
geneic stem-cell transplantation as salvage treat-
ment of acute promyelocytic leukemia initially
treated with all-trans-retinoic acid: a retrospec-
tive analysis of the European acute promyelo-
cytic  leukemia group. Journal of Clinical
Oncology, 23, 120-126.

Breccia, M. & Lo-Coco, F. (2014) Thrombo-
hemorrhagic deaths in acute promyelocytic leu-
kemia. Thrombosis Research, 133, 112—116.

Breccia, M., Latagliata, R., Cannella, L., Minotti,
C., Meloni, G. & Lo-Coco, F. (2010) Early hem-
orrhagic death before starting therapy in acute
promyelocytic leukemia: association with high
WBC count, late diagnosis and delayed treat-
ment initiation. Haematologica, 95, 853—854.

Breccia, M., Cicconi, L., Minotti, C., Latagliata, R.,
Gianni, L. & Lo-Coco, F. (2011) Efficacy of pro-
longed therapy with combined arsenic trioxide
and ATRA for relapse of acute promyelocytic
leukemia. Haematologica, 96, 1390-1391.

Burnett, A.K., Hills, R.K., Grimwade, D., Jovano-
vic, J.V,, Craig, J., McMullin, M.F., Kell, J.,
Wheatley, K., Yin, J.A., Hunter, A., Milligan, D.
& Russell, N.H.; United Kingdom National Can-
cer Research Institute Acute Myeloid Leukaemia
Subgroup. (2013) Inclusion of chemotherapy in
addition to anthracycline in the treatment of
acute promyelocytic leukaemia does not
improve outcomes: results of the MRC AML15
trial. Leukemia, 27, 843-851.

Burnett, A., Russell, N.H., Hills, R.K., Bowen, D.,
Kell, J., Knapper, S., Morgan, Y.G., Lok, J.,
Grech, A., Jones, G., Khwaja, A., Friis, L.,
McMullin, M.F., Hunter, A., Clark, R.E. &
Grimwade, D. (2015) Arsenic trioxide and all-
trans retinoic acid treatment for acute promye-
locytic leukemia in all risk groups (AMLI17):
results of a randomised, controlled, phase 3
trial. The Lancet Oncology, 16, 1295-1305.

Choudhry, A. & DeLoughery, T.G. (2012) Bleeding
and thrombosis in acute promyelocytic leuke-
mia. American Journal of Hematology, 87, 596—
603.

Esteve, J., Escoda, L., Martin, G., Rubio, V., Diaz-
Mediavilla, J., Gonzalez, M., Rivas, C., Alvarez,
C., Gonzalez San Miguel, J.D., Brunet, S,
Tomas, J.F., Tormo, M., Sayas, M.J., Sanchez
Godoy, P., Colomer, D., Bolufer, P. & Sanz,
M.A. (2007) Outcome of patients with acute

British Journal of Haematology, 2016, 172, 841-854

Review

promyelocytic leukemia failing to front-line
treatment with all-trans retinoic acid and
anthracycline-based chemotherapy (PETHEMA
protocols LPA96 and LPA99): benefit of an early
intervention. Leukemia, 21, 446-452.

Estey, E., Garcia-Manero, G., Ferrajoli, A., Faderl,
S., Verstovsek, S., Jones, D. & Kantarjian, H.
(2006) Use of all-trans retinoic acid plus arsenic
trioxide as an alternative to chemotherapy in
untreated acute promyelocytic leukemia. Blood,
107, 3469-3473.

Fenaux, P., Le Deley, M.C., Castaigne, S., Archim-
baud, E., Chomienne, C., Link, H., Guerci, A.,
Duarte, M., Daniel, M.T. & Bowen, D. (1993)
Effect of all trans-retinoic acid in newly diag-
nosed acute promyelocytic leukemia. Results of
a multicenter randomized trial. European APL
91 Group. Blood, 82, 3241-3249.

Fenaux, P., Chastang, C., Chevret, S., Sanz, M.,
Dombret, H., Archimbaud, E., Fey, M., Rayon,
C., Huguet, F., Sotto, J.J., Gardin, C., Makhoul,
P.C., Travade, P., Solary, E., Fegueux, N., Bor-
dessoule, D., Miguel, J.S., Link, H., Desablens,
B., Stamatoullas, A., Deconinck, E., Maloisel, F.,
Castaigne, S., Preudhomme, C. & Degos, L.
(1999) A randomized comparison of all tran-
sretinoic acid (ATRA) followed by chemother-
apy and ATRA plus chemotherapy and the role
of maintenance therapy in newly diagnosed
acute promyelocytic leukemia. The European
APL group. Blood, 94, 1192-1200.

Ferrara, F., Finizio, O., Izzo, T., Riccardi, C., Cris-
cuolo, C., Carbone, A., Borlenghi, E. & Rossi, G.
(2010) Autologous stem cell transplantation for
patients with acute promyelocytic leukemia in
second molecular remission. Anticancer Research,
30, 3845-3849.

Frankel, S.R. (1992) The “retinoic acid syndrome”
in acute promyelocytic leukemia. Annals of
Internal Medicine, 117, 292-296.

Ghavamzadeh, A., Alimoghaddam, K., Rostami, S.,
Ghaffari, S.H., Jahani, M., Iravani, M., Mousavi,
S.A., Bahar, B. & Jalili M. (2011) Phase II
study of single-agent arsenic trioxide for the
front-line therapy of acute promyelocytic leuke-
mia. Journal of Clinical Oncology, 29, 2753—
2757.

Gore, S.D., Gojo, I, Sekeres, M.A., Morris, L.,
Devetten, M., Jamieson, K., Redner, R.L., Arceci,
R., Owoeye, 1., Dauses, T., Schachter-Tokarz, E.
& Gallagher, R.E. (2010) Single cycle of arsenic
trioxide-based  consolidation  chemotherapy
spares anthracycline exposure in the primary
management of acute promyelocytic leukemia.
Journal of Clinical Oncology, 28, 1047-1053.

Grimwade, D. (1999) The pathogenesis of acute
promyelocytic leukaemia: evaluation of the role
of molecular diagnosis and monitoring in the
management of the disease. British Journal of
Haematology, 106, 591-613.

Huang, M.E,, Ye, Y.C., Chen, S.R., Chai, J.R., Lu,
J.X., Zhoa, L., Gu, LJ. & Wang, Z.Y. (1988) Use
of all-trans retinoic acid in the treatment of
acute promyelocytic leukemia. Blood, 72, 567—
572.

851



Review

lland, H.J., Collins, M., Bradstock, K., Supple,
S.G., Catalano, A., Hertzberg, M., Browett, P.,
Grigg, A., Firkin, F., Campbell, L.J., Hugman,
A., Reynolds, J., Di lulio, J., Tiley, C., Taylor,
K., Filshie, R., Seldon, M., Taper, J., Szer, J.,
Moore, J., Bashford, J. & Seymour, J.F.; Aus-
tralasian Leukaemia and Lymphoma Group.
(2015) Use of arsenic trioxide in remission
induction and consolidation therapy for acute
promyelocytic leukemia in the Australasian Leu-
kaemia and Lymphoma Group (ALLG) APML4
study: a non-randomized phase 2 trial. Lancet
Haematology, 9, €357.

Kiguchi, T., Yoshino, Y., Yuan, B., Yoshizawa, S.,
Kitahara, T., Akahane, D., Gotoh, M., Kaise, T.,
Toyoda, H. & Ohyashiki, K. (2010) Speciation
of arsenic trioxide penetrates into cerebrospinal
fluid in patients with acute promyelocytic leuke-
mia. Leukemia Research, 34, 403—405.

Lehmann, S., Ravn, A., Carlsson, L., Antunovic, P.,
Deneberg, S., Mollgard, L., Derolf, A.R., Stockel-
berg, D., Tidefelt, U., Wahlin, A., Wennstrom,
L., Hoglund, M. & Juliusson, G. (2011) Contin-
uing high early death rate in acute promyelo-
cytic leukemia: a population-based report from
the Swedish Adult Acute Leukemia Registry.
Leukemia, 25, 1128—-1134.

Lengfelder, E., Saussele, S., Weisser, A., Buchner,
T. & Hehlmann, R. (2005) Treatment concepts
of acute promyelocytic leukemia. Critical Review
Oncology Hematology, 56, 261-274.

Lengfelder, E., Hofmann, W.K. & Nowak, D.
(2012) Impact of arsenic trioxide in the treat-
ment of acute promyelocytic leukemia. Leuke-
mia, 26, 433—442.

Lengfelder, E., Lo-Coco, F., Ades, L., Montesinos,
P., Grimwade, D., Kishore, B., Ramadan, S.M.,
Pagoni, M., Breccia, M., Huerta, A.J., Nloga,
AM., Gonzilez-Sanmiguel, J.D., Schmidt, A,
Lambert, J.F., Lehmann, S., Di Bona, E., Cassi-
nat, B., Hofmann, W.K., Gorlich, D., Sauerland,
M.C.,, Fenaux, P., Sanz, M.; European Leukemia-
Net. (2015) Arsenic trioxide-based therapy of
relapsed acute promyelocytic leukemia: registry
results from the European LeukemiaNet. Leuke-
mia, 29, 1084-1091.

Lo-Coco, F., Diverio, D., Avvisati, G., Petti, M.C.,
Meloni, G., Pogliani, E.M., Biondi, A., Rossi, G.,
Carlo-Stella, C., Selleri, C., Martino, B., Spec-
chia, G. & Mandelli, F. (1999) Therapy of
molecular relapse in acute promyelocytic leuke-
mia. Blood, 94, 2225-2229.

Lo-Coco, F., Avvisati, G., Vignetti, M., Breccia, M.,
Gallo, E., Rambaldi, A., Paoloni, F., Fioritoni,
G., Ferrara, F., Specchia, G., Cimino, G., Dive-
rio, D., Borlenghi, E., Martinelli, G., Di Rai-
mondo, F., Di Bona, E., Fazi, P., Peta, A., Bosi,
A., Carella, A.M., Fabbiano, F., Pogliani, E.M.,
Petti, M.C., Amadori, S. & Mandelli, F.; Italian
GIMEMA Cooperative Group. (2010) 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, 116, 3171-3179.

852

Lo-Coco, F., Avvisati, G., Vignetti, M., Thiede, C.,
Orlando, S.M., Iacobelli, S., Ferrara, F., Fazi, P.,
Cicconi, L., Di Bona, E., Specchia, G., Sica, S.,
Divona, M., Levis, A., Fiedler, W., Cerqui, E.,
Breccia, M., Fioritoni, G., Salih, H.R., Cazzola,
M., Melillo, L., Carella, A.M., Brandts, C.H.,
Morra, E., von Lilienfeld-Toal, M., Hertenstein,
B., Wattad, M., Liibbert, M., Hénel, M., Sch-
mitz, N., Link, H., Kropp, M.G., Rambaldi, A.,
La Nasa, G., Luppi, M., Ciceri, F., Finizio, O.,
Venditti, A., Fabbiano, F., Dohner, K., Sauer,
M., Ganser, A., Amadori, S., Mandelli, F.,
Déhner, H., Ehninger, G., Schlenk, R.F. & Platz-
becker, U.; Gruppo Italiano Malattie Emato-
logiche del’Adulto; German-Austrian Acute
Myeloid Leukemia Study Group; Study Alliance
Leukemia. (2013) Retinoic acid and arsenic tri-
oxide for acute promyelocytic leukemia. New
England Journal of Medicine, 369, 111-121.

Lou, Y., Suo, S., Tong, Y., Tong, H., Qian, W.,
Meng, H., Mai, W., Huang, J., Yu, W. & Jin, J.
(2014) Outcomes and prognostic factors of first
relapsed acute promyelocytic leukemia patients
undergoing salvage therapy with intravenous
arsenic trioxide and chemotherapy. Annals of
Hematology, 93, 941-948.

Mandelli, F., Diverio, D., Avvisati, G., Luciano, A.,
Barbui, T., Bernasconi, C., Broccia, G., Cerri, R.,
Falda, M., Fioritoni, G., Leoni, F., Liso, V., Petti,
M.C., Rodeghiero, F., Saglio, G., Vegna, M.L.,
Visani, G., Jehn, U., Willemze, R., Muus, P.,
Pelicci, P.G., Biondi, A. & Lo-Coco, F. (1997)
Molecular remission in PML/RAR alpha — posi-
tive acute promyelocytic leukemia by combined
all-trans retinoic acid and idarubicin (AIDA)
therapy. Gruppo Italiano Malattie Ematologiche
del’Adulto and Associazione Italiana di Ema-
tologia ed Oncologia Pediatrica Cooperative
Groups. Blood, 90, 1014-1021.

Mathews, V., George, B., Chendamarai, E., Lak-
shmi, K.M., Desire, S., Balasubramanian, P.,
Viswabandya, A., Thirugnanam, R., Abraham,
A., Shaji, R.V., Srivastava, A. & Chandy, M.
(2010) Single agent arsenic trioxide in the treat-
ment of newly diagnosed acute promyelocytic
leukemia: long-term follow-up data. Journal of
Clinical Oncology, 28, 3866—-3871.

McClellan, ].S., Kohrt, H.E., Coutre, S., Gotlib,
J.R., Majeti, R., Alizadeh, A.A. & Medeiros, B.C.
(2012) Treatment advances have not improved
the early death rate in acute promyelocytic leu-
kemia. Haematologica, 97, 133-136.

Milligan, D.W., Grimwade, D., Cullis, J.O., Bond,
L., Swirsky, D., Craddock, C., Kell, J., Home-
wood, J., Campbell, K., McGinley, S., Wheatley,
K., Jackson, G.; for the British Committee for
Standards in Haematology. (2006) Guidelines
on the management of acute myeloid leukemia
in adults. British Journal of Haematology, 135,
450-474.

Montesinos, P., Diaz-Mediavilla, J., Debén, G.,
Prates, V., Tormo, M., Rubio, V., Pérez, L,
Ferndndez, 1., Viguria, M., Rayén, C., Gonzilez,
J., de la Serna, J., Esteve, J., Bergua, J.M., Rivas,
C., Gonzélez, M., Gonzdlez, ].D., Negri, S., Bru-

net, S., Lowenberg, B. & Sanz, M.A. (2009) Cen-
tral nervous system involvement at first relapse
in patients with acute promyelocytic leukemia
treated with all-trans retinoic acid and anthracy-
cline monochemotherapy without intrathecal
prophylaxis. Haematologica, 94, 1242—1249.

NCCN (2015) NCCN guidelines “Acute myeloid
leukemia”, version 1.2015. National Comprehen-
sive Cancer Network, Fort Washington, PA.
Available  at:
als/physician_gls/pdf/aml.pdf. [Accessed Decem-
ber 3, 2014].

Ohnishi, K. (2007) PML-RARalpha inhibitors

(ATRA, tamibarotene, arsenic trioxide) for acute

http://www.nccn.org/profession

promyelocytic leukemia. International Journal of
Clinical Oncology, 12, 313-317.

Ohnishi, K., Yoshida, H., Shigeno, K., Nakamura,
S., Fujisawa, S., Naito, K., Shinjo, K., Fujita, Y.,
Matsui, H., Takeshita, A., Sugiyama, S., Satoh,
H., Terada, H. & Ohno, R. (2000) Prolongation
of the QT interval and ventricular tachycardia
in patients treated with arsenic trioxide for acute
promyelocytic leukemia. Annals of Internal Med-
icine, 133, 881-885.

Paietta, E. (2003) Expression of cell-surface anti-
gens in acute promyelocytic leukaemia. Best
Practice Research in Clinical Haematology, 16,
369-385.

Park, J.H., Qiao, B., Panageas, K.S., Schymura,
M.]., Jurcic, J.G., Rosenblat, T.L., Altman, J.K.,
Douer, D., Rowe, J.M. & Tallman, M.S. (2011)
Early death rate in acute promyelocytic leukemia
remains high despite all-trans retinoic acid.
Blood, 118, 1248-1254.

Paulson, K., Serebrin, A., Lambert, P., Bergeron, J.,
Everett, J., Kew, A., Jones, D., Mahmud, S.,
Meloche, C., Sabloff, M., Sharif, I, Storring, J.,
Turner, D. & Seftel, M.D. (2014) Acute promye-
locytic leukemia is characterized by stable inci-
dence and improved survival that is restricted to
patients managed in leukemia referral centres: a
pan-Canadian epidemiological study. British
Journal of Haematology, 166, 660—666.

Petti, M.C., Avvisati, G., Amadori, S., Baccarani,
M., Guarini, A.R.,, Papa, G., Rosti, G.A., Tura, S.
& Mandelli, F. (1987) Acute promyelocytic leu-
kemia: clinical aspects and results of treatment
in 62 patients. Haematologica, 72, 151-155.

Platzbecker, U., Avvisati, G., Ehninger, G., Cicconi,
L., Thiede, C., Ferrara, F., Orlando, S.M., Vig-
netti, M., Specchia, G., Sborgia, M., Di Bona, E.,
Breccia, M., Cerqui, E., Dohner, K., Fiedler, W.,
von Lilienfeld-Toal, M., Hertenstein, B., Salih,
H.R., Wattad, M., Lubbert, M., Brandts, C.H.,
Hénel, M., Schmitz, N., Link, H., Divona, M.,
Frairia, C., Pogliani, EMM., Fozza, C., D’Arco,
AM.,, Di Renzo, N., Cortelezzi, A., Fabbiano, F.,
Fazi, P., Kullmer, J., Aulitzky, W.E., Krause,
S.W., Salwender, H., Schifer-Eckart, K., Radsak,
M.P., Ganser, A., Dohner, H., Amadori, S.,
Mandelli, F., Schlenk, R.F. & Lo-Coco, F. (2014)
Improved outcome with ATRA-arsenic trioxide
compared to ATRA-chemotherapy in non-high
risk acute promyelocytic leukemia — updated
results of the Italian-German APL0406 Trial on

© 2015 John Wiley & Sons Ltd

British Journal of Haematology, 2016, 172, 841-854


http://www.nccn.org/professionals/physician_gls/pdf/aml.pdf
http://www.nccn.org/professionals/physician_gls/pdf/aml.pdf

the Extended Final Series. Blood (ASH Annual
Meeting Abstracts), 124, 12.

Powell, B.L., Moser, B., Stock, W., Gallagher, R.E.,
Willman, C.L., Stone, R.M., Rowe, .M., Coutre,
S., Feusner, J.H., Gregory, J., Couban, S., Appel-
baum, F.R, Tallman, M.S. & Larson, R.A.
(2010) Arsenic trioxide improves event-free and
overall survival for adults with acute promyelo-
cytic leukemia: North American Leukemia Inter-
group Study C9710. Blood, 116, 3751-3757.

Ramadan, S.M., Di Veroli, A., Camboni, A., Brec-
cia, M., lori, A.P.,, Aversa, F., Cupelli, L.,
Papayannidis, C., Bacigalupo, A., Arcese, W. &
Lo-Coco, F. (2012) Allogeneic stem cell trans-
plantation for advanced acute promyelocytic
leukemia in the ATRA and ATO era. Haemato-
logica, 97, 1731-1735.

Ravandi, F., Estey, E., Jones, D., Faderl, S,
O’Brien, S., Fiorentino, J., Pierce, S., Blamble,
D., Estrov, Z., Wierda, W., Ferrajoli, A., Ver-
stovsek, S., Garcia-Manero, G., Cortes, J. & Kan-
tarjian, H. (2009) Effective treatment of acute
promyelocytic leukemia with all-trans retinoic
acid, arsenic trioxide, and gemtuzumab ozogam-
icin. Journal of Clinical Oncology, 27, 504-510.

Ravandi, F., Estey, E.H., Appelbaum, F.R., Lo-
Coco, F., Schiffer, C.A., Larson, R.A., Burnett,
AX. & Kantarjian, H.M. (2012) Gemtuzumab
ozogamicin: time to resurrect? Journal of Clinical
Oncology, 30, 3921-3923.

Roboz, G.J., Ritchie, E.K., Carlin, R.F., Samuel, M.,
Gale, L., Provenzano-Gober, J.L., Curcio, T.J.,
Feldman, E.J. & Kligfield, P.D. (2014) Preva-
lence, management, and clinical consequences of
QT interval prolongation during treatment with
arsenic trioxide. Journal of Clinical Oncology, 32,
3723-3728.

Sanford, D., Lo-Coco, F., Sanz, M.A., Di Bona, E.,
Coutre, S., Altman, J.K., Wetzler, M., Allen, S.L.,
Ravandi, F., Kantarjian, H. & Cortes, J.E. (2015)
Tamibarotene in patients with acute promyelo-
cytic leukemia relapsing after treatment with all-
trans retinoic acid and arsenic trioxide. British
Journal of Haematology, 171, 471-477.

Sant, M., Minicozzi, P., Mounier, M., Anderson,
L.A., Brenner, H., Holleczek, B., Marcos-Gra-
gera, R., Maynadié, M., Monnereau, A., Osca-
Gelis, G., Visser, O. & De Angelis, R;; EURO-
CARE-5 Working Group. (2014) Survival for
haematological malignancies in Europe between
1997 and 2008 by region and age: results of
EUROCARE-5, a population based study. Lancet
Oncology, 15, 931-942.

Sanz, M.A. & Lo-Coco, F. (2011) Modern
approaches to treating acute promyelocytic leu-
kemia. Journal of Clinical Oncology, 29, 495-503.

Sanz, M.A., Martin, G., Rayoén, C., Esteve, J.,
Gonzdlez, M., Diaz-Mediavilla, J., Bolufer, P.,
Barragdn, E., Terol, M.J., Gonzilez, ].D., Colo-
mer, D., Chillén, C., Rivas, C., Gémez, T., Rib-
era, J.M., Bornstein, R., Romadn, J., Calasanz,
M.]., Arias, J., Alvarez, C., Ramos, F. & Debén,
G. (1999) A modified AIDA protocol with
anthracycline-based consolidation results in high

antileukemic efficacy and reduced toxicity in

© 2015 John Wiley & Sons Ltd

newly diagnosed PML/RARalpha-positive acute
promyelocytic  leukemia PETHEMA  group.
Blood, 94, 3015-3021.

Sanz, M.A., Lo-Coco, F., Martin, G., Avvisati, G.,
Rayén, C., Barbui, T., Diaz-Mediavilla, J., Fiori-
toni, G., Gonzdlez, J.D., Liso, V., Esteve, J., Fer-
rara, F., Bolufer, P., Bernasconi, C., Gonzalez,
M., Rodeghiero, F., Colomer, D., Petti, M.C,,
Ribera, J.M. & Mandelli, F. (2000) Definition of
relapse risk and role of nonanthracycline drugs
for consolidation in patients with acute promye-
locytic leukemia: a joint study of the PETHEMA
and GIMEMA cooperative groups. Blood, 96,
1247-1253.

Sanz, M.A., Martin, G., Gonzdlez, M., Leén, A.,
Rayén, C., Rivas, C., Colomer, D., Amutio, E.,
Capote, F.J., Milone, G.A.,, De La Serna, J,
Romadn, J., Barragdn, E., Bergua, J., Escoda, L.,
Parody, R., Negri, S., Calasanz, M.]J., Bolufer, P.;
Programa de Estudio y Traitmiento de las

Risk-adapted

treatment of acute promyelocytic leukemia with

Hemopatias Malignas.  (2004)

all-trans-retinoic  acid and  anthracycline
monochemotherapy: a multicentre study by the
PETHEMA group. Blood, 103, 1237-1243.

Sanz, M.A., Labopin, M., Gorin, N.C., de la Rubia,
J., Arcese, W., Meloni, G., Bacigalupo, A,
Alessandrino, P., Carreras, E., Iriondo, A.,
Novitzky, N., Jacobs, P., Bandini, G., Lo-Coco,
F., Frassoni, F. & Rocha, V.; Acute Leukemia
Working Party (ALWP) of European Coopera-
tive Group for Blood and Marrow Transplanta-
tion (EBMT). (2007) Hematopoietic stem cell
transplantation for adults with acute promyelo-
cytic leukemia in the ATRA era: a survey of the
European Cooperative Group for Blood and
Marrow Transplantation. Bone Marrow Trans-
plantation, 39, 461-469.

Sanz, M.A., Montesinos, P., Vellenga, E., Rayon,
C., de la Serna, J., Parody, R., Bergua, J.M,
Leén, A., Negri, S., Gonzilez, M., Rivas, C,
Esteve, J., Milone, G., Gonzilez, ].D., Amutio,
E., Brunet, S., Garcia-Larana, J., Colomer, D.,
Calasanz, M.J., Chillon, C., Barragdn, E., Bolu-
fer, P. & Lowenberg, B. (2008) Risk-adapted
treatment of acute promyelocytic leukemia with
all-trans  retinoic acid and  anthracycline
monochemotherapy: long-term outcome of the
LPA99 multicenter study by the PETHEMA
Group. Blood, 112, 3130-3134.

Sanz, M.A., Grimwade, D., Tallman, M.S., Lowen-
berg, B., Fenaux, P., Estey, E.H., Naoe, T., Leng-
felder, E., Buchner, T., Dohner, H., Burnett,
AK. & Lo-Coco, F. (2009) Management of
acute promyelocytic leukemia: recommendations
from an expert panel on behalf of the European
LeukemiaNet. Blood, 113, 1875-1891.

Sanz, M.A., Montesinos, P., Kim, H.T., Ruiz-
Argiielles, G.J., Undurraga, M.S., Uriarte, M.R,,
Martinez, L., Jacomo, R.H., Gutiérrez-Aguirre,
H., Melo, R.A., Bittencourt, R., Pasquini, R.,
Pagnano, K., Fagundes, E.M., Vellenga, E.,

Huerta, AJ,

Fernidndez, P., De la Serna, J., Brunet, S., De

Holowiecka, A., Gonzilez-

Lisa, E., Gonzilez-Campos, J., Ribera, J.M.,

British Journal of Haematology, 2016, 172, 841-854

Review

Krsnik, I., Ganser, A., Berliner, N., Ribeiro,
R.C., Lo-Coco, F., Lowenberg, B. & Rego,
E.M.; IC-APL and PETHEMA and HOVON
Groups. (2015) All-trans retinoic acid with
daunorubicin or idarubicin for risk-adapted
treatment of acute promyelocytic leukemia: a
matched-pair analysis of the PETHEMA LPA-
2005 and IC-APL studies. Annals of Hematol-
ogy, 94, 1347-1356.

Seftel, M.D., Barnett, M.J., Couban, S., Leber, B.,
Storring, J., Assaily, W., Fuerth, B., Christofides,
A. & Schuh, A.C. (2014) A Canadian consensus
on the management of newly diagnosed and
relapsed acute promyelocytic leukemia in adults.
Current Oncology, 21, 234-250.

Shen, Z.X., Chen, G.Q., Ni, J.H.,, Li, X.S., Xiong,
SM.,, Qiu, Q.Y., Zhu, J., Tang, W., Sun, G.L,
Yang, K.Q., Chen, Y., Zhou, L., Fang, ZW.,,
Wang, Y.T., Ma, J., Zhang, P., Zhang, T.D.,
Chen, S.J., Chen, Z. & Wang, Z.Y. (1997) Use
of arsenic trioxide (As203) in the treatment of
acute promyelocytic leukemia (APL): II. Clinical
efficacy and pharmacokinetics in relapsed
patients. Blood, 89, 3354-3360.

Shen, Z.X., Shi, Z.Z., Fang, J., Gu, BW., Li, ].M,,
Zhu, Y.M., Shi, J.Y., Zheng, P.Z., Yan, H., Liu,
Y.F, Chen, Y., Shen, Y., Wu, W., Tang, W,
Waxman, S., De Thé, H., Wang, Z.Y., Chen, S.J.
& Chen, Z. (2004) All-trans retinoic acid/As203
combination yields a high quality remission and
survival in newly diagnosed acute promyelocytic
leukemia. Proceedings of the National Academy of
Sciences of the United States of America, 101,
5328-5335.

Shinagawa, K., Yanada, M., Sakura, T., Ueda, Y.,
Sawa, M., Miyatake, J., Dobashi, N., Kojima,
M., Hatta, Y., Emi, N., Tamaki, S., Gomyo, H.,
Yamazaki, E., Fujimaki, K., Asou, N., Matsuo,
K., Ohtake, S., Miyazaki, Y., Ohnishi, K,
Kobayashi, Y. & Naoe, T. (2014) Tamibarotene
as maintenance therapy for acute promyelocytic
leukemia: results from a randomized controlled
trial. Journal of Clinical Oncology, 32, 3729—
3735.

Soignet, S.L., Frankel, S.R., Douer, D., Tallman,
M.S., Kantarjian, H., Calleja, E., Stone, R.M.,
Kalaycio, M., Scheinberg, D.A., Steinherz, P.,
Sievers, E.L., Coutré, S., Dahlberg, S., Ellison, R.
& Warrell, Jr, R.P. (2001) United States multi-
center study of arsenic trioxide in relapsed acute
promyelocytic  leukemia. Journal of Clinical
Oncology, 19, 3852-3860.

Tallman, M.S. (2004)
approaches to APL. Annals of Hematology, 83,
581-S82.

Tallman, M.S. & Altman, J.K. (2009) How I treat
acute promyelocytic leukemia. Blood, 114, 5126—
5135.

Tallman, M.S., Andersen, J.W., Schiffer, C.A.,
Appelbaum, F.R., Feusner, J.H.,, Woods, W.G.,
Ogden, A., Weinstein, H., Shepherd, L., Will-
man, C., Bloomfield, C.D., Rowe, ].M. & Wier-
nik, P.H. (2002) All-trans retinoic acid in acute

promyelocytci leukemia: long-term outcome and

Curative  therapeutic

prognostic factor analysis from the North Amer-

853



Review

ican Intergroup protocol. Blood, 100, 4298—
4302.

de Thé, H. & Chen, Z. (2010) Acute promyelocytic
leukaemia: novel insights into the mechanisms
of cure. Nature Reviews Cancer, 10, 775-783.

de Thé, H., Le Bras, M. & Lallemand-Breitenbach,
V. (2012) The cell biology of disease: acute
promyelocytic leukemia, arsenic, and PML bod-
ies. Journal of Cell Biology, 198, 11-21.

Thirugnanam, R., George, B., Chendamarai, E.,
Lakshmi, K.M., Balasubramanian, P., Viswa-
bandya, A., Srivastava, A., Chandy, M. & Math-
ews, V. (2009) Comparison of clinical outcomes
of patients with relapsed acute promyelocytic
leukemia induced with arsenic trioxide and con-
solidated with either an autologous stem cell
transplant or an arsenic trioxide-based regimen.
Biology of Blood Marrow Transplantation, 15,
1479-1484.

854

Tobita, T., Takeshita, A., Kitamura, K., Ohnishi,
K., Yanagi, M., Hiraoka, A., Karasuno, T,
Takeuchi, M., Miyawaki, S., Ueda, R., Naoe, T.
& Ohno, R. (1997) Treatment with a new syn-
thetic retinoid, Am80, of acute promyelocytic
leukemia relapsed from complete remission
induced by all-trans retinoic acid. Blood, 90,
967-973.

Wang, Z.Y. & Chen, Z. (2008) Acute promyelo-
cytic leukemia: from highly fatal to highly cur-
able. Blood, 111, 2505-2515.

Wang, H., Chen, X.Y., Wang, B.S., Rong, Z.X., Qi,
H. & Chen, H.Z. (2011) The efficacy and safety
of arsenic trioxide with or without all-trans reti-
noic acid for the treatment of acute promyelo-
cytic  leukemia: a meta-analysis. Leukemia
Research, 35, 1170-1177.

Yanada, M., Tsuzuki, M., Fujita, H., Fujimaki, K.,
Fujisawa, S., Sunami, K., Taniwaki, M., Ohwada,

A., Tsuboi, K., Maeda, A., Takeshita, A., Ohtake,
S., Miyazaki, Y., Atsuta, Y., Kobayashi, Y., Naoe,
T. & Emi, N Japan Adult Leukemia Study
Group. (2013) Phase 2 study of arsenic trioxide
followed by autologous hematopoietic cell trans-
plantation for relapsed acute promyelocytic leu-
kemia. Blood, 121, 3095-3102.

Zhu, H.H. & Huang, X.J. (2014) Oral arsenic and
retinoic acid for non-high-risk acute promyelo-
cytic leukemia. New England Journal of Medi-
cine, 371, 2239-2241.

Zhu, H.H., Wu, D.P,, Jin, J., Li, ].Y., Ma, J., Wang,
J.X., Jiang, H., Chen, S.J. & Huang, X.J. (2013)
Oral tetra-arsenic tetra-sulfide formula versus
intravenous arsenictrioxide as first-line treat-
ment of acute promyelocytic leukemia: a multi-
center randomized controlled trial. Journal of
Clinical Oncology, 31, 4215-4221.

© 2015 John Wiley & Sons Ltd

British Journal of Haematology, 2016, 172, 841-854



