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Introduction

The prognosis of acute promyelocytic leukemia
(APL) has extraordinarily improved since the
introduction of anthracycline-based chemother-
apy [1], but especially after the advent of all-frans
retinoic acid (ATRA) [2] and arsenic trioxide
(ATO) [3]. In fact, following the optimization of
frontline therapy with the use of a simultaneous
combination of ATRA and anthracycline-based
chemotherapy, primary resistance during induc-
tion therapy has virtually disappeared, with death
during induction remaining as the only cause of
failure [4]. In addition, using ATRA and anthracy-
cline-based approaches, both in induction and
post-remission therapy, several groups have
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reported a dramatic reduction in relapse rates to
roughly 10% of patients who achieve first com-
plete remission (CR) [5-9]. Such improvements
in APL prognosis have also been reported with
alternative treatments based on the addition of
ATO to the conventional ATRA plus chemother-
apy combination [10-15], but also with the com-
bination of ATRA and ATO without or with
minimal use of chemotherapy [16, 17].

Death during induction therapy and relapse
are currently the major events involved in thera-
peutic failures in patients with APL. However,
other less frequent but important late events, such
as death while in first CR during post-remission
therapy and the development of therapy-related
neoplasms, have also an impact on patient out-
come and, therefore, should be taken into account
to design curative strategies for patients with
APL. In this regard, the study of key characteris-
tics associated with these events (prognostic fac-
tors) has always been considered a matter of
great interest, since their recognition would
translate into therapeutic improvements. In fact,
over the past two decades, most therapeutic
approaches have been designed following risk-
adapted strategies in order to optimize the thera-
peutic efficacy by minimizing side effects,
particularly in those patients considered at low
risk of developing a given event.

In this chapter, in addition to review the
prognostic factors of classical composite end
points, such as CR rate, disease-free survival
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(DFS), event-free survival (EFS), and overall
survival (OS), we will also discuss those
patient and disease characteristics associated
with specific events which determine the previ-
ously mentioned composite end points. Thus,
for example, together with the recognition of
prognostic factors of induction response, typi-
cally analyzed as a binary end point, the iden-
tification of predictive factors of the different
causes of induction failure would provide an
added value. The recognition of specific pre-
dictors of the different causes of induction fail-
ure would allow the design of tailored
approaches according to the specific risk of
death due to bleeding, infection, or differentia-
tion syndrome (DS). Furthermore, assuming
that the effectiveness of treatment is a major
determinant in prognosis, this issue should be
analyzed today in the context of the two princi-
pal therapeutic approaches currently used for
APL, such as ATRA plus chemotherapy-based
and ATRA plus ATO-based therapy.

Prognostic Factors of Induction
Response

Classically, prognostic factors of induction
response have been assessed considering only the
binary option of CR versus induction failure,
considering the latter as a whole. Table 7.1 shows
the prognostic factors found in most representa-
tive series of patients with APL treated using
modern therapeutic approaches. To analyze prog-
nostic factors of induction response, the vast
majority of these studies considered all causes of
induction death as a single event.

The prognostic impact of WBC counts on
induction response has been demonstrated in vir-
tually all series (Table 7.1). Both in patients
treated with ATRA plus anthracycline-based che-
motherapy [4, 7, 18-24] and in those managed
with ATO-based treatment [25, 26], WBC count
is associated with a higher risk of induction fail-
ure. The cutoff point generally used for WBC
count is 10 x 10%/L at presentation. The prognos-
tic impact of age is also an almost constant find-
ing in series including sufficient patients with a

wide age range, with older patients being those
with a higher risk of induction failure.

Other patient and disease characteristics
have also been reported less consistently as
prognostic factors of induction failure. The
presence of coagulopathy, abnormal serum cre-
atinine, and albumin levels at presentation have
been recognized as prognostic factors in two
large series [4, 24].

A higher induction mortality rate in CD56-
positive patients was originally suggested in a
study based on a small series of patients not
receiving a state-of-the-art treatment [27]. In a
large study including 651 patients homoge-
neously treated with AIDA regimen [28], a mul-
tivariable analysis was able to demonstrate an
independent prognostic value of CD56 positivity
(>20% of leukemic cells) not only for relapse
(which will be discussed below) but also as pre-
dictor of induction death. Despite of the associa-
tion of CD56 expression with other recognized
adverse factors for induction response [4], this
phenotypic feature was selected to enter into the
regression model together with abnormal creati-
nine level, WBC count greater than 10 x 10%/L,
age older than 60 years, male sex, and ECOG
more than 1 [28].

Carriers of a functional variant in the core pro-
moter of the CD95 cell death receptor gene, who
were enrolled in the United Kingdom Medical
Research Council (MRC) AML 12 trial, were
more likely to die during remission induction and
had a significantly worse overall survival [29]. To
the best of our knowledge, this finding has not yet
been validated in other studies.

A relationship between additional chromo-
somal abnormalities (ACA) and induction out-
come in APL was first suggested in the 1990s in
two retrospective studies carried out in small
series of patients mostly treated with chemother-
apy alone [30, 31]. More recently, also in a small
cohort of patients managed with ATRA plus
anthracycline-based induction therapy, the
German AML Study Group [20] found that
patients dying during induction therapy had sig-
nificantly higher likelihood of trisomy 8 or
abn(7q). However, other larger studies in
patients with APL managed with state-of-the-art
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Table 7.2 Prognostic factors of specific causes of induction death with modern induction therapy

Prognostic factors identified in multivariable analysis
Group No.of |CR |Induction |Induction death dueto |Induction Induction
patients |rate |deathrate | bleeding death due to death due to
Study infection DS
Di Bona GIMEMA 499 92 8 Peripheral blast count® | Not analyzed | Not
etal. [19] Hemorrhagic score® analyzed
de la Serna | PETHEMA 732 91 9 Creatinine level Age ECOG
et al. [4] PB blast count Sex score
Coagulopathy Fever Albumin
level
De Botton | European APL | 413 922 |7 Not analyzed Not analyzed | Not found
et al. [36]
Yanada JALSG 279 95 5 Fibrinogen level® Not analyzed | Not
etal. [72] WBC count® analyzed
PS score®

*Prognostic factors of early death (<day 10)

®Prognostic factors of severe hemorrhage (half of them were not lethal)

treatments have not found such impact on induc-
tion outcome [32-35].

Some additional studies shown in Table 7.2
have analyzed separately specific induction out-
comes instead of induction response as a whole.
A study of the Italian GIMEMA group reported a
significant association between peripheral blast
counts, hemorrhagic score and early death
(<day 10) [19]. On the other hand, a study of
the European APL group was unable to find
any pretreatment feature associated with mor-
tality due to DS [36]. In contrast, a larger study
of the PETHEMA-HOVON groups identified
ECOG score >1 and low albumin levels to be
associated with an increased risk of death due
to this syndrome [4]. In addition, this analysis
identified specific and distinct pretreatment set
of characteristics associated with an increased
risk of death due to hemorrhage (abnormal cre-
atinine level, increased peripheral blast counts,
and presence of coagulopathy) and infection
(age > 60 years, male gender, and fever at presen-
tation). This study provided clinically relevant
information for practice and for designing risk-
adapted strategies focused on reducing mortality
from hemorrhage, infection, and DS during early
treatment phases of APL.

An increased body mass index at diagnosis
has also been associated with a higher risk of
developing DS in APL patients treated with

AIDA protocols, but not with an increased mor-
tality due to this syndrome [37-39].

Although many prognostic factors that were
recognized in the pre-ATO era have now been
challenged in the era of ATO therapy [40], there
is enough evidence demonstrating a poorer
induction outcome for patients with elevated
WBC count also when they are treated with ATO-
based regimens. In fact, most current ATO-based
approaches include the addition of anthracyclines
or gemtuzumab ozogamicin for induction ther-
apy in patients presenting hyperleukocytosis. The
prognostic impact on induction outcome of other
presenting features, such as age, gender, coagu-
lopathy, CD56 expression, creatinine, and albu-
min levels, among others, should be confirmed in
large series treated with ATO-based regimens.

Prognostic Factors of Induction
Response in Children

A large retrospective study [41] has recently
focused on determining the incidence and predic-
tors of thrombo-hemorrhagic deaths during induc-
tion therapy in children and adolescents with APL
treated with ATRA and chemotherapy by several
international groups. This study has shown an
incidence of early thrombo-hemorrhagic deaths
of 4.7%, with CNS hemorrhage being the most
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common site for this lethal complication. High
WBC (>10 x 10°%L) and high PB blast
(>30 x 10°L), M3v morphological subtype and
black ethnicity were identified as predictors of
hemorrhagic death during induction therapy in
univariable analysis. However, in multivariable
analysis, only high WBC count retained an inde-
pendent prognostic value together with obesity,
defined as a body mass index >95 percentile for
age. As far as we know, no other studies have
been reported regarding prognostic factors of
induction outcomes in children.

Prognostic Factors of Post-
remission Outcomes

Prognostic factors of specific post-remission out-
comes, such as relapse, death during remission,
and development of therapy-related myeloid neo-
plasms (t-MN) have been analyzed in only a mar-
ginal way in the majority of studies in APL. In
addition, these events have generally been con-
sidered as a whole in a context of composite end
points, such as EFS, DFS, and OS. However, the
interpretation of composite end points with coex-
isting competing risks can reduce precision in
estimating not only the probability of the occur-
rence of primary events [42], but also the prog-
nostic factors involved in these adverse events.
Therefore, in this chapter, we will review the
prognostic factors implicated in the classical
composite end points (EFS, DFS, OS), but also
those found in the most important primary events
(relapse, death during remission, t-MN).

Predictors of Composite End Points

Similar to induction response, the prognostic
impact of WBC counts on the risk of relapse is
universally accepted, regardless of the type of
treatment used, with a higher risk for patients
with WBC counts greater than 10 x 10%/L at pre-
sentation. The prognostic value of WBC counts
has a variable impact on composite end points in
which relapse is one of the events directly consid-
ered, such as EFS, DFS, and RFS. Despite the

indirect effect that relapse may have on OS, the
impact of WBC counts on this end point may not
appear evident due to the high antileukemic effi-
cacy of salvage therapy in APL. In this regard,
the score defined after a joint GIMEMA and
PETHEMA study [43], based on the presenting
WBC and platelet counts, has been regarded as
the mainstay for risk stratification in most APL
clinical trials, being so widely adopted because
of its simplicity and reproducibility.

Other prognostic factors, such as male gender
and morphologic classification, M3V, and classi-
cal M3 APL, have occasionally been associated
with post-remission outcomes, but they lose their
prognostic value when adjusted for the WBC or
relapse risk score [44].

In general, prognostic factors different to WBC
and relapse risk score have not been incorporated
into decision-making, with the exception, to the
best of our knowledge, of age and CD56 expres-
sion. Using a 20% cutoff point of leukemic pro-
myelocytes expressing CD56 in three subsequent
PETHEMA trials with AIDA-derived approaches
(LPA96, LPA99, and LPA2005 trials), CD56 was
found to be an independent prognostic factor not
only for induction death, as previously mentioned,
but also for relapse [28]. Subsequent to this study,
PETHEMA trials have incorporated CD56
expression for refining risk stratification. In par-
ticular, in the context of risk-adapted consolida-
tion therapy, patients classified according to
relapse-risk score [43] are now upgraded one
level when CD56 is positive. Thus, low- and inter-
mediate-risk CD56-positive patients are treated
for consolidation as intermediate- and high-risk
patients, respectively.

It has been suggested that various molecular
features could be useful to predict outcomes in
APL, but most of these molecular predictors have
still not been validated. In addition, logistic and
technical issues have hampered a generalized use
of these sophisticated tools so far.

The prognostic impact of FLT3 mutations has
been widely analyzed in the context of ATRA plus
chemotherapy with controversial results [45-55].
The methodological heterogeneity of these studies
regarding the sample size, diversity of treatments,
use or not of multivariable analysis, as well as the
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variables and end points analyzed, make it difficult
to obtain reliable and definitive conclusions. The
vast majority of these studies, however, have
revealed a strong association between leukocytosis
and FLT3 mutations. In this regard, the results
reported in a large cohort by the PETHEMA-
HOVON group [52] showed that FLT3-ITD status
was removed from the regression equation when
the WBC count was included in the multivariable
analysis, suggesting that the adverse outcome of
this mutation is attributable to its relationship with
elevated WBC count. Furthermore, this study was
unable to demonstrate the adverse prognostic
impact that had previously been reported for the
FLT3-D835 mutation [47] and the ratio and length
of FLT3-ITD mutations [48].

The prognostic impact of FLT3 mutations has
been less often studied in APL patients treated
with ATO-based regimens. In this regard, neither
the Australasian Leukaemia and Lymphoma
Group [13] nor the North American Intergroup
[35], both using ATRA, ATO, and chemotherapy,
found differences in any post-remission outcome
by FLT3 status. The Italian-German APL0406
randomized trial, using ATRA plus ATO without
chemotherapy, but restricted to non-high risk
patients, also failed to detect any impact of FLT3
status on outcome [55]. Finally, an elegant study
carried out on 535 newly diagnosed APL patients
treated with an ATRA/ATO-based protocol at
Shanghai Institute of Hematology and affiliated
centers [56] deserves special mention. This study
showed that FLT3-ITD or FLT3-TKD, N-RAS,
and WT1 mutations were the three most common
additional gene mutations (15.8%, 4.5%, and
4.7%, respectively), but none of them had a sig-
nificant impact on OS and DFS. In contrast,
mutations of epigenetic modifier genes (EMQG),
such as DNMT3A (0.3%), TET2 (4.5%), IDH1
(0.4%), IDH2 (0.2%), and ASXL1 (1.6%), which
together account for 6.5%, showed an indepen-
dent prognostic value for DFS in multivariable
analysis, together with the relapse risk score [43],
whereas for OS this score was the only factor
indicating poor prognosis.

In addition to mutations, the expression of
several genes has also been explored as prognos-
tic molecular markers in APL. Three subsequent

studies of the German AML Cooperative Group
(AMLCG) [57-59], carried out on relatively
small cohorts of patients enrolled in two consecu-
tive trials, showed that the expression levels of
three different genes, BAALC [57], ERG [58],
and WTI1 [59] had an independent prognostic
value for APL risk stratification. Based on these
studies, a molecular risk score, which includes
the expression level of the three genes, has been
developed [60]. This integrative risk score was
able to divide patients into two groups with sta-
tistically significant differences in OS, RFS, and
CIR. The prognostic value of the expression of
other genes has also been reported. A study car-
ried out on patients enrolled in the International
Consortium of APL trial showed that a low
expression of KMT?2E is associated with a shorter
OS [61] and a higher DNp73/TAp73 RNA
expression ratio with a lower OS and DFS, as
well as higher risk of relapse in patients with
APL. Finally, a Spanish group has reported that
low PRAME expression defines a subgroup of
APL patients with a short RFS [62].

Based on a large cohort of 187 PML/RARA-
positive APL patients enrolled in three subse-
quent trials of the North American Leukemia
Intergroup, it has been reported that telomere
length (TL), in particular delta TL, defined as TL
at remission minus TL at diagnosis, is a strong
predictor of OS [63]. These findings, as well as
those previously mentioned regarding mutations
and gene expression, warrant prospective confir-
mation studies.

Several studies carried out on patients man-
aged with state-of-the-art treatments were unable
to demonstrate an independent prognostic impact
of the presence of additional chromosomal
abnormalities (ACA) on any post-remission out-
come [32-35], with the exception of a recent
study from the North American Intergroup [35].
In this study, the presence of a complex karyotype
(>2 ACAs) was strongly associated with an infe-
rior OS independently of the post-remission
treatment arm, even when ATO was given for
consolidation therapy. This novel observation
deserves further investigation in larger cohorts of
patients treated with either chemotherapy-based
or ATO-based state-of-the-art treatments.
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Predictors of Specific Post-remission
Events

The limitations of using composite end points for
the analysis of prognostic factors have been
widely discussed in the literature [42], but any
discussion is outside the scope of this chapter.
The precise estimate of post-remission events of
primary interest, such as relapse and therapy-
related adverse events, including death during
remission and development t-MN, is affected by
competing risks when analyzed using composite
end points. Few studies have analyzed specifi-
cally these post-remission events taking into
account competing risks.

Relapse

There is a general agreement that the impact of
WBC count on prognosis of APL patients is not
only restricted to induction response, mainly
associated with induction deaths due to hemor-
rhages, but also is associated with the risk of
relapse. Therefore, with EFS, DFS, and OS, the
three meaningful composite end points in which
relapse and death during remission have a con-
siderable weight. Although some previous stud-
ies [18, 64, 65] have found a significantly higher
incidence of relapse for patients with high WBC
counts, the crucial prognostic value of this factor
to predict relapse was definitively established in a
joint GIMEMA and PETHEMA study [43]. In
this study, multivariable analysis resulted in a
simplified predictive model for relapse-free sur-
vival that has been widely adopted around the
world. This model permits the identification of
the following patient categories: (1) low-risk
group, presenting WBC count below or equal to
10 x 10°/L and platelet count above 40 x 10°/L;
(2) intermediate-risk group, presenting WBC and
platelet counts below or equal to 10 x 10%/L and
40 x 10°/L, respectively; and (3) high-risk group,
presenting WBC count greater than 10 x 10°/L.
The expression of CD56 has also been defined as
a predictor of relapse. This has been suggested in
previous studies [27, 66, 67], and confirmed in a
large study of the PETHEMA-HOVON group [28].

In addition to relapse risk score, the expression of
CD56 using a 20% cutoff level is also an indepen-
dent and accurate predictor for relapse in patients
with APL treated with ATRA and anthracycline-
based regimens. CD56-positive APL also showed a
significantly higher risk of extramedullary relapse.
Interestingly, CD56 positivity, with a prevalence of
11% of newly diagnosed patients, is correlated with
the BCR3 isoform and the co-expression of other
surface antigens, such as CD2, CD34, HLA-DR,
and CD7 [28]. An increased body mass index at
diagnosis has also been associated with a higher
risk of disease relapse [38], but this finding has not
yet been validated in larger series.

Several molecular markers have also been
reported to be associated with relapse risk. This
is the case of the expression of the gene PRAME,
considered a good predictor of RFS [62], and an
integrative risk score that includes the expression
of three genes (BAALC, ERG, and WT1I) [60],
which are able to identify two groups with statis-
tically significant differences in RFS and cumu-
lative incidence of relapse.

Finally, in contrast to the lack of clinical value
of molecular assessment of PML/RARA per-
formed at the end of induction, it is widely
accepted that patients with persistent or recurrent
disease at the molecular level at any stage after
completion of consolidation will invariably
relapse, unless additional therapy is given. In
contrast, continued persistent molecular negativ-
ity by RT-PCR or RQ-PCR is associated with a
low relapse risk.

Central Nervous System Relapse

To the best of our knowledge, only two large stud-
ies [68, 69] have specifically analyzed the prog-
nostic factors involved in extramedullary relapse,
with particular reference to CNS relapse. In mul-
tivariable analysis, a study of the European APL
group [68] found that only a high WBC count
(cutoff point 10 x 10°/L) is independently associ-
ated with CNS relapse, whereas a PETHEMA-
HOVON study [69] found the occurrence of
cerebral hemorrhage during induction and the
relapse risk score, which is a composite of WBC
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and platelet counts [43], are the most valuable
predictors of CNS relapse.

Regarding other potential risk factors for CNS
relapse, some authors have suggested that FLT3-
ITD mutations, which correlate with leukocytosis
[47], and an increased expression of adhesion
molecules, such as CD56, can promote leukemic
infiltration in CNS and other extramedullary sites
[28]. In fact, CD56 APL had a significantly
higher risk of extramedullary relapse in a large
series of patients included in several PETHEMA-
HOVON trials [28].

Development of Therapy-Related
Myeloid Neoplasms

Regarding risk factors of development of t-MN
in APL, to our knowledge, only one study has
addressed this issue [70]. The univariable anal-
ysis in this PETHEMA-HOVON study showed
the following characteristics were associated
with the development of t-MN: older age (cut-
off 35 years), lower relapse risk score, and
higher platelet count (cutoff 40 x 10%L).
Multivariable analysis, however, only identified
age and relapse risk score as independent prog-
nostic factors for t-MN. There is no clear expla-
nation for the apparent paradoxical finding of a
higher risk of developing t-MN in patients with
a lower risk of relapse, but it has been specu-
lated that a greater frequency of competing
events in patients with higher risk APL, particu-
larly relapse and death in remission, decreases
the chance of developing t-MN while in first
CR [70].

Although a potential relationship between
dose intensity of topoisomerase II inhibitors or
intercalating agents and incidence of t-MN has
been suggested, data from this PETHEMA-
HOVON study [70] does not clearly support
this hypothesis, since the increased risk of
t-MN was observed in lower-risk APL patients,
who overall were less heavily treated. Therefore,
it is not clear whether anthracycline dose reduc-
tion, or even its replacement by arsenic triox-
ide, would be effective to decrease the incidence
of t-MN.

Death During First Remission

Apart from the classical composite end points,
such as OS, EFS, and DFS, in which death during
first remission is one of the events considered, a
precise estimate of this post-remission event of
primary interest has hardly been analyzed.
Nevertheless, it is generally accepted that death
during first remission is mainly associated with
age and comorbidities, along with dose intensity
of post-remission therapy. It should be noted,
however, that some deaths occur off-therapy due
to causes not associated directly with therapy-
related toxicity. The unquestionable impact of
age on non-relapse mortality has led many groups
to design age-adapted trials. In this regard, a
recent report of the PETHEMA group [71]
showed a significant improvement in long-term
outcomes, which were mainly attributed to a
decrease in hematologic toxicity and toxic death
rates, using a less intensive frontline regimen
with ATRA and anthracycline monochemother-
apy in elderly patients with APL.

Whether non-relapse mortality can be reduced
with age-adapted approaches, not only by
decreasing dose intensity of chemotherapy in
elderly patients, but also replacing chemotherapy
by ATO, is still an open issue warranting further
research.

Conclusions
The identification of prognostic factors has
always been considered a matter of great inter-
estin APL, since their recognition would allow
the use of risk-adapted strategies aimed at opti-
mizing the therapeutic efficacy and minimiz-
ing treatment-related toxicity, which in turn
would translate into better outcomes. Early
deaths during induction therapy and relapse
are currently the most frequent events involved
in therapeutic failures; however deaths in CR
during post-remission therapy and even off-
therapy, as well as the development of therapy-
related neoplasms, are other important events
with negative impact on outcome.

Several patient- and disease-related charac-
teristics have been recognized as prognostic
factors, but only age and WBC count, as well



7 Prognostic Factors in Acute Promyelocytic Leukemia

95

as a composite risk score including WBC and
platelet counts to predict relapse and other
surrogate end points, have been widely used
for risk-adapted stratification in clinical trials.
In addition to WBC count and the risk score,
the expression of CD56 and the occurrence of
cerebral hemorrhage during induction have
been identified as independent and accurate
predictors of hematologic and CNS relapse,
respectively. Accordingly, patients included in
the most recent risk-adapted PETHEMA trials
are upgraded one level based on the relapse
risk score when CD56 is positive, whereas
those who develop a cerebral hemorrhage dur-
ing induction are given systematic CNS pro-
phylaxis. Other characteristics, such as an
increased BMI, presence of additional chro-
mosomal abnormalities, and mutational status
and expression profiles of a variety of genes
have also been recognized as independent
prognostic factors. However, most of these
predictors have not yet been validated in large
and independent series.

It should be noted that the body of knowl-
edge acquired over the last two decades on
prognostic factors in APL has mainly been
obtained in the context of ATRA plus chemo-
therapy-based regimens, while the impact of
these factors after the incorporation of ATO in
frontline therapy has not been established.
Large studies with prolonged follow-up will be
necessary to identify the best predictors of out-
come in APL patients receiving ATO contain-
ing regimens, although it appears that age and
WBC count will continue to play a key role.
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