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The indication of hematopoietic stem cell transplantation (HSCT) in acute promyelocytic
leukemia (APL) has evolved historically from a widespread use in front-line therapy during
the pre-ATRA era to a virtual rejection of this indication for patients treated with modern
treatments. HSCT in first complete remission could only be considered for an extremely
small fraction of patients with persistent MRD at the end of consolidation or for those who
relapse. In the pre-ATO era, relapsed patients were usually treated with readministration of
ATRA and chemotherapy as salvage therapy, generally containing high-dose cytarabine
and an anthracycline, followed by further post-remission chemotherapy and/or HSCT.
ATO-based regimens are presently regarded as the first option for relapsed APL. The
selection of the most appropriate post-remission treatment option for patients in second
CR (CR2), as well as the modality of HSCT when indicated, depends on several variables,
such as pre-transplant molecular status, duration of first remission, age, and donor
availability. Although with a moderate level of evidence, based on recent retrospective
studies, autologous HSCT would be at present the preferred option for consolidation for
patients in molecular CR2. Allogeneic HSCT could be considered in patients with a very
early relapse or those beyond CR2. Nevertheless, the superiority of HSCT as
consolidation over other alternatives without transplantation has recently been
questioned in some studies, which justify a prospective controlled study to resolve this
still controversial issue.

Keywords: acute promyelocytic leukaemia, hematopoietic (stem) cell transplantation (HCT), all-trans retinoic acid
(ATRA), arsenic trioxide, relapse
INTRODUCTION

Modern treatment approaches for patients with newly diagnosed APL, using the combination of all-
trans retinoic acid (ATRA) with either arsenic trioxide (ATO), chemotherapy or both, result in 90%
to 95% complete remission (CR) rates with virtual absence of primary resistance, and 85% to 90%
rates of long-term survival (1). Different to most subtypes of acute myeloid leukemia, these
outstanding results in APL have been obtained without consolidating patients in first CR (CR1) with
hematopoietic stem cell transplantation (HSCT). In this context, HSCT has virtually ceased to play
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any role in CR1 and relegated to consolidate patients in CR2 or
beyond after salvage therapy for relapsed APL (1–3).

In this review article, we will discuss the clinical outcomes of
HSCT in patients with APL and discuss the issues related to this
indication, including the preferred choice of donor, source of
hematopoietic stem cells, and conditioning regimen, among
other controversial matter. We will also address the main
prognostic factors for transplant outcomes that have been
identified. We aim to provide insight into decision making
regarding the optimal use of HSCT in patients with APL.
HSCT HAS NO ROLE IN FRONT-LINE
THERAPY FOR NEWLY DIAGNOSED APL

The indication of HSCT in patients with APL has evolved
historically from a widespread use of this procedure in front-line
therapy during the pre-ATRA era to a virtual rejection of this
indication when patients are treated with modern treatments
containing ATRA. Except for the beginning of the ATRA era, in
which many groups still continued to indicate an HSCT in CR1 (4,
5), this has gradually been abandoned and explicitly rejected by the
European LeukemiaNet (ELN) recommendations (1, 2) and the
National Comprehensive Cancer Network (NCCN) guidelines (3).

Currently, the general consensus is that HSCT has no role
patients in CR1, even in high-risk patients.
HSCT AS CONSOLIDATION THERAPY IS
BETTER THAN NON-HSCT IN RELAPSED
APL

Only a few small retrospective and uncontrolled studies have
compared the therapeutic efficacy of HSCT versus consolidation
without transplantation in relapsed patients with APL (Table 1).
Frontiers in Oncology | www.frontiersin.org 2
Most of these studies showed that transplanted patients had a
higher event-free survival (EFS), ranging from 61% to 83% for
auto-HSCT (6, 7, 9) and from 41% to 71% for allo-HSCT (6, 9,
10), compared to those not transplanted, ranging from 30%
to 45% (6, 7, 10). It should be noted, however, that these
differences were statistically significant in only two of these
studies (6, 7).

The superiority of transplantation versus non-transplantation
was even more apparent for overall survival (OS), which ranged
from 60% to 100% for auto-HSCT (6–11) and 49% to 79% for
allo-HSCT (6, 8–10), while it was 39% to 75% for those not
transplanted (6–11). Except from two small studies (9, 10), the
remaining ones showed a significantly higher OS (6–8, 11). Not
without reason, it can be argued that differences in survival
outcomes could be explained, at least in part, by a selection bias,
since transplantation is ruled out in a sizable proportion of
patients because they are considered clinically unfit. However,
this explanation would not be enough, since practically all
the studies have shown a higher relapse rate in patients
undergoing consolidation treatment without transplantation
(6, 7, 10), including a retrospective ELN study in relapsed
APL treated with ATO-based regimens (8). It should be
noted, however, that some groups have recently reported
prolonged remissions in series of patients relapsing after
ATRA plus chemotherapy treated with ATO plus ATRA
without transplant.

Based on the previously mentioned studies, the ELN
recommendations (1) and the NCCN guidelines (3) consider
transplantation as the best option to consolidate patients in
CR2 or beyond after salvage therapy for relapsed APL. This
is, however, an unresolved issue, since some recent reports
question the need for transplantation, at least in patients who
achieve molecular remission with ATO and ATRA (1) or ATO,
ATRA, mitoxantrone and bortezomib (12). Therefore, a
prospective controlled study is warranted to address this still
controversial issue.
TABLE 1 | Hematopoietic stem cell transplantation (autologous and/or allogeneic) compared with non-transplantation in relapsed APL.

Reference Study period Salvage therapy No. of patients Event-free survival Overall survival Relapse rate Time

Auto Allo Non-HSCT

De Botton et al. (6) 1992-2001 ATRA+CHT 50 23 49 61 vs 52 vs 30
P = 0.002

60 vs 52 vs 40
P = 0.005

87 vs 92 vs 38a

P = 0.005
7-year

Thirugnanam et al. (7) 1998-2006 ATO-based 14 – 19 83 vs 34
P = 0.001

100 vs 39
P = 0.001

7 vs 63b

P < 0.0001
5-year

Lengfelder et al. (8) 2003-2011 ATO-based 60 33 55 NA 77 vs 79 vs 59
P = 0.09

37 vs 39 vs 59
P = 0.05

3-year

Pemmaraju et al. (9) 1980-2010 Miscellaneous 10 17 16 69 vs 41 vs NA
P = 0.45

86 vs 49 vs 40
P = 0.48

NA 7-year

Fujita et al. (10) 1997-2002 ATRA+CHT 6 21 30 42 vs 71 vs 45
NS

83 vs 76 vs 75
NS

58 vs 10 vs 51c

P = 0.007
7-year

Ganzel et al. (11) <2000-2011 ATO-based 140 – 67 NA 78 vs 42
P < 0.001

NA 5-year
March 2021 | V
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NA, not available; NS, not significant.
aRelapse-free survival.
bCrude relapse rate.
cAllo vs auto: P = 0.007; allo vs non-HSCT: P = 0.009.
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THE CHOICE OF AUTOLOGOUS OR
ALLOGENEIC HSCT

Once it has been shown that consolidation with HSCT, either
auto-HSCT or allo-HSCT, results in better survival outcomes
than non-transplant strategies for patients in CR2 or beyond, the
next question that arises is the appropriate type of transplant to
be done. The choice of autologous or allogeneic transplantation
should be based on the modality that has shown higher efficacy
in this setting. Again a few small, retrospective and uncontrolled
studies have compared the therapeutic efficacy of auto-HSCT
and allo-HSCT in relapsed patients with APL (Table 2). None of
these studies was able to demonstrate superiority of one modality
of HSCT over the other in EFS, except from an analysis of the
Acute Leukemia Working Party (ALWP) of the European Blood
and Marrow Transplantation (EBMT) that has been recently
published (16). In this large study that included 341 and 228 APL
patients in CR2 who underwent auto-HSCT and allo-HSCT,
respectively, EFS was significantly higher in the former group
(75% vs 55%). Auto-HSCT was also superior to allo-HSCT in
terms of OS, not only in this study, but also in other large studies
(6, 15). The most likely explanations for finding a clearer benefit
in OS than in EFS could be, on the one hand, because the
potential benefit of a graft-versus-leukemia (GVL) effect in
pa t i en t s undergo ing a l lo -HSCT would be wide ly
counterbalanced by a higher transplant related mortality
(TRM) systematically reported in that setting compared with
patients undergoing auto-HSCT (5, 6, 9, 10, 13–15). In fact, no
study was able to demonstrate a significant reduction in the
relapse rate, while the two largest studies reported a significantly
higher rate of TRM in the allo-HSCT (15). On the other hand, a
second relapse after auto-HSCT is probably a clinical situation
Frontiers in Oncology | www.frontiersin.org 3
with a higher chance of subsequent salvage as compared to a
second relapse after allo-HSCT. This would also explain that, in
most series, the increase in the OS rate with respect to the EFS is
significantly greater in patients undergoing auto-HSCT
compared to those undergoing allo-HSCT (9, 10, 15).

In addition to comparative studies providing evidence that
auto-HSCT is a better treatment strategy than allo-HSCT in
relapsed APL (Table 2), other large case series have also
demonstrated the outstanding efficacy and feasibility of that
procedure after salvage therapy with ATO-based treatment
(17), improving the outcomes of those with ATRA plus
chemotherapy-based approaches (18).
THE CHOICE OF STEM CELL SOURCE
AND CONDITIONING REGIMEN

As far as we know, there are no prospective and controlled
studies comparing results between peripheral blood and bone
marrow as a source of hematopoietic progenitors in the specific
context of APL. However, it is a fact that peripheral blood has
been by far the preferred stem cell source used in most studies
analyzing auto-HSCT in this disease (Table 3). Except for the
previous EBMT study conducted between 1993 and 2003 (5), in
which the proportion of patients transplanted with peripheral
blood was 53%, all the remaining comparative studies reported
percentages in the narrow range between 86% and 100%,
including the last EBMT study in which the proportion
increased to 92% (16). It should be noted, however, that the
few retrospective studies that compared bone marrow with
peripheral blood showed that the stem cell source did not
TABLE 2 | Autologous versus allogeneic hematopoietic stem cell transplantation in relapsed APL.

Reference Study period Salvage therapy No. of patients Event-free survival Overall survival Relapse rate TRM rate Time

Auto Allo

Sanz et al. (5) 1993-2003 ATRA+CHT 195 137 51 vs 59a NA 37 vs 17
P = NA

16 vs 24
P = NA

5-year

De Botton et al. (6) 1992-2001 ATRA+CHT 50 23 61 vs 52
P = 0.11

60 vs 52
P = 0.04

79 vs 92a

P = 0.19
6 vs 39
P = NA

7-year

Kohno et al. (13) 1999-2004 Miscellaneous 15 13 69 vs 46b

P = 0.4
76 vs 46
P = 0.2

21 vs 9
P = NS

20 vs 46
P = NA

4-year

Lengfelder et al. (8) 2003-2011 ATO-based 60 33 NA 77 vs 79
NS

37 vs 39
NS

NA 3-year

Pemmaraju et al. (9) 1980-2010 Miscellaneous 10 17 69 vs 41
P = 0.45

86 vs 49
P = NS

30 vs 18c

P = NA
20 vs 47
P = NA

7-year

Fujita et al. (10) 1997-2002 ATRA+CHT 6 21 42 vs 71
NS

83 vs 76
NS

58 vs 10b

P = 0.007
0 vs 19 7-year

Alimoghaddam et al. (14) 1989-2011 ATO-based 11 29 52 vs 62b

P = 0.64
47 vs 66

NS
NA 0 vs 21c 5-year

Holter Chakrabarty et al. (15) 1995-2006 62 232 63 vs 50b

P = 0.1
75 vs 54
P = 0.002

30 vs 18
P = 0.4

7 vs 31
P < 0.001

5-year

Sanz et al. (16) 2004-2018 341 228 75 vs 55
P = 0.001

82 vs 64
P = 0.001

23 vs 28
P = 0.28

3 vs 17
P = 0.001

2-year
March
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NA, not available; NS, not significant.
aLeukemia-free survival.
bDisease-free survival.
cCrude relapse rate.
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affect either of the outcomes (5, 21). In contrast, the most
common stem cell source in the allo-HSCT setting was bone
marrow (range, 64% to 87%), except for a couple of series that
reported a lower proportion of 47% and 18% (9). Interestingly,
most studies in patients with APL undergoing allo-HSCT include
a very high proportion of those from matched sibling donor
(MSD), sometimes up to 100%, which is significantly higher than
would be due to the average availability of this type of donor
(roughly 30%). In some studies, this reflects the eligibility criteria
established for the study, which exclude transplants from
alternative sources and donors, but in other studies it may
reflect the attitude of many reluctant physicians to choose
alternative donors when a MSD is not available. Probably also,
the retrospective studies currently available in relapsed APL do
not reflect the great advances and growing use of alternative
donors that are taking place in the field of allo-HSCT. It is a fact
that significant differences in survival in the past between MSD,
matched unrelated mismatched related and unrelated donors are
gradually being curtailed.

Regarding conditioning intensity, myeloablative conditioning
regimens (MAC) were almost universally used for auto-HSCT,
except a few patients who received reduced intensity regimen
(RIC) (15). Although MAC was also the most common
preparative regimen in allo-HSCT, RIC is increasingly used for
older and medically unfit patients up to 32% (16). Unfortunately,
data following RIC in APL are currently lacking.

As shown in Table 4, TBI-based regimens were preferred for
auto-HSCT in the CIBMTR registry data (76%) (15) and in a
single center study (10). In contrast, non-TBI-based regimens
were preferred in most recent report of the EBMT registry (85%)
(16), the Japan Adult Leukemia Study Group (100%) (17), and
the Japanese Society for Hematopoietic Cell Transplantation
(JSHCT) (96%) (21), as well as other single center studies (7,
13, 19). None of these studies with an appropriate sample size
Frontiers in Oncology | www.frontiersin.org 4
have addressed the comparison of results according to the
conditioning regimen to draw significant conclusions.

In allo-HSCT, TBI and non-TBI-based regimens were equally
distributed in the CIBMTR registry data (15) and the previous
EBMT study (5). However, TBI-based regimens were preferred
in in some studies (6, 10, 13) and non-TBI in others (9),
including the most recent of the EBMT registry (16).
THE ROLE OF TRANSPLANTATION IN
PATIENTS WITH MINIMAL RESIDUAL
DISEASE POSITIVE AFTER SALVAGE
THERAPY

It is generally accepted that patients undergoing transplantation
with minimal residual disease (MRD) positive have a worse
prognosis than in MRD-negative status. The clinical situation in
which APL patients do not achieve MRD-negative status can
occur in two different scenarios, one in which after first-line
consolidation treatment the patient does not achieve molecular
remission (primary molecular resistance or molecular
persistence) and another in which the patient does not achieve
molecular remission after salvage consolidation therapy
(secondary molecular resistance). For the extremely low
fraction of patients in the former scenario, given their poor
prognosis, unless they are promptly managed aggressively prior
to the occurrence of a hematologic relapse (22), allo-HSCT has
traditionally been considered as the first option when patients are
suitable for transplantation. It should be noted that molecular
persistence at this point was already uncommon in early studies
(3%-4%) (23), but has almost disappeared (<1%) in patients
receiving state-of-the art treatments with either ATRA plus ATO
(24) or ATRA plus chemotherapy-based approaches (25). As far
TABLE 3 | Stem cell source and conditioning intensity.

Reference Auto-HSC Allo-HSCT

No. of Patients Source, % Conditioning, % No. of Patients Source, % Conditioning, % Donor

BM PB MAC RIC BM PB MAC RIC MSD Non-MSD

Sanz et al. (5) {Sanz:2007jv} 195 47 53 137 64 36 100 0
De Botton et al. (6) 50 14 86 23 87 13 78 22
Kohno et al. (13) 15 3 12 15 0 13 10 3 12 1 7 6
Thirugnanam et al. (7) 14 0 100 100 0 – – –

Ferrara et al. (19) 13 0 100 100 0

Lengfelder et al. (8) 60 NA NA* 100 0 33 NA NA 80 20 NA NA
Pemmaraju et al. (9) 10 25 75 100 0 17 47 53 100 71 29
Fujita et al. (10) 6 0 100 100 0 21 71 19 90 10 38 62
Alimoghaddam et al. (14) 11 20 80 NA NA 29 NA NA 100 0
Ramadan et al. (20) – – – – – 31 42 58 97 3 58 42
Holter Chakrabarty et al. (15) 62 12 88 89 8 232 66 34 92 7 53 47
Ganzel et al. (11) 140 NA NA NA NA – – – – – – –

Sanz et al. (16) 341 5 95 86 14 228 18 79 68 32 57 43
Yanada et al. (17) 35 0 100 100 0 – – – – – – –

Yanada et al. (18) 184 4 96 100 0 – – – – – – –

Yanada et al. (21) 443 4 96 – – –
M
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as we know, the only study whose objective was to analyze the
outcomes in patients with molecular persistence at the end of
first-line consolidations was reported in 2004 and with a very
small sample size (22). Four patients undergoing allo-HSCT were
alive in hematologic and molecular remission at 64, 92, 98 and
118 months, while three patients treated with chemotherapy
followed by auto-HSCT were alive in hematologic and molecular
remission at 64, 96 and 98 months. These three patients were in
molecular remission at the time of auto-HSCT.

Regarding the second scenario, that is, in patients MRD-
positive who underwent transplantation during CR2, data are
even scarcer. Some studies in the past showed data that today
could provide clues for the interpretation of more current,
apparently paradoxical data. While Meloni et al. reported 7
patients with relapsed APL undergoing auto-HSCT being
MRD-positive and all patients relapsed within 9 months of
transplantation (26), two single case reports showed long-term
molecular remission in patients transplanted in CR2 after
receiving MRD-positive autografts (27, 28). It was
subsequently described in four patients who had molecular
evidence of disease in at least one of the harvested samples and
remained MRD negative after auto-HSCT (29). This could be
explained, among other hypothesis, by the non-clonogenic
nature of the PML/RARA-positive cells present in the graft. In
fact, the persistence of differentiating PML/RARA-positive cells
and spontaneously cleared during follow-up is a common event
in patients receiving ATRA. In addition, long-term
hematopoiesis after autologous HSCT would be sustained by
the subset of CD34+/CD38− progenitor cells administered, and
these immature progenitors have been shown to lack the PML/
RAR rearrangement in APL patients.

Some recent studies have analyzed transplant outcomes
according to MRD status before transplantation. Despite the
bias inherent in the generally recommended strategy of limiting
Frontiers in Oncology | www.frontiersin.org 5
autologous transplantation for MRD-negative patients,
relegating allogeneic transplantation for MRD-positive patients,
these studies have provided some interesting data. Surprisingly,
as in the CIBMTR study (15), the most recent EBMT study also
found that transplant outcomes in MRD-positive recipients were
not statistically different between autologous and allogeneic
HSCT (16). Although these data should be interpreted with
caution for a number of reasons, such as sample size and
selection bias, among others, both studies have confirmed that
a proportion of MRD-positive recipients can achieve long-term
disease control not only undergoing allo-HSCT, but surprisingly
also after auto-HSCT. This interesting finding apparently
contradicts the notion that performing auto-HSCT in patients
MRD positive is hopelessly doomed to failure. A recent study of
the JSHCT, in a large series of APL patients undergoing auto-
HSCT, with 35 being MRD-positive and 293 MRD-negative pre-
transplantation, reported no association between MRD status
and TRM, relapse, and OS rates (21). The cumulative incidence
of relapse at 5 years was 10.3% (95% CI 7.1–14.3%) for patients
with negative PML-RARA, and 8.9% (95% CI 2.3–21.3%) for
patients with positive PML-RARA at transplant. In contrast to
the study by Meloni et al. (26), in which bone marrow was the
stem cell source, the vast majority of the patients included in the
IBMTR, EBMT and JSHCT studies used peripheral blood stem
cells (15, 21). These findings raise the question of the feasibility of
performing auto-HSCT in patients MRD-positive when using
peripheral blood as a of stem cell source and deserve to be
confirmed in prospective studies.
PROGNOSTIC FACTORS

A few registry-based studies have addressed a reliable analysis of
prognostic factors associated to transplant outcomes in APL.
TABLE 4 | Conditioning regimens.

Reference Auto-HSC Allo-HSCT

TBI, % Chemotherapy, % TBI, % Chemotherapy, %

BU/CY BU/FLU BU/MEL FLU/MEL Other BU/CY BU/FLU BU/MEL FLU/MEL Other

Sanz et al. (5) 29 53

De Botton et al. (6) 56 34 0 8 2 0 74 24 0 0 0 0

Ferrara et al. (19) 0 31 0 0 0 69

Kohno et al. (13) 27 40 0 0 0 33 85 0 0 0 0 15

Thirugnanam et al. (7) 0 100 0 0 0

Pemmaraju et al. (9) 0 50 20 0 0 30 18 18 24 – 18 24 –

Fujita et al. (10) 100 – – – – – 68 32 – – – –

Alimoghaddam et al. (14) – – – – – 100 – 90 10 – – – –

Ramadan et al. (20) – – – – – – 50 50

Holter Chakrabarty et al. (15) 76 50

Sanz et al. (16) {Sanz:2020ve} 15 46 4 13 0 22 34 28 18 1 6 13

Yanada et al. (17) 0 100

Yanada et al. (18) 0 8 76 16

Yanada et al. (21) 4 17 55 25*
March 2021 | Volume 11 | Article 61
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Although originally introduced for allo-HSCT in chronic
myeloid leukemia (30), and later demonstrated its applicability
to acute myeloid leukemia and other malignant and non-
malignant diseases (22), the classical EBMT risk score has
never been tested for patients with APL. However, some of the
few available studies on prognostic factors in APL have
demonstrated the predictive value of some of the factors
considered in the EBMT risk score. Thus, age (> 40 years) and
a shorter duration of CR1 adversely influenced overall mortality
in the CIBMTR study (15, 21), while in the EBMT study (16), age
assessed as a continuous variable (per 10 years) and also a shorter
interval from diagnosis to transplant showed an adverse impact
not only on TRM (only age), but also in relapse risk, leukemia-
free and overall survival. In another retrospective pan-European
study in patients receiving ATO as salvage therapy (8), in
addition to molecular persistence, a shorter duration of CR1
(<18 months) had an adverse impact on transplant outcomes
(LFS and OS) in multivariable analysis.

The stage of the disease as such, another factor considered in
the EBMT risk score, has been little studied in APL. In fact, as far
as we know, only a retrospective study carried out in five Italian
transplant centers has addressed this issue in a relatively small
series (20). The study reported the outcome of 31 APL patients
who underwent allo-HSCT in CR2 (n=15) or beyond (n=16),
with OS being worse in patients with more advanced disease, but
at the limit of statistical significance (p = 0.05) in the univariate
analysis, while relapse rate was not statistically significant.
Although it is expected that other factors considered in the
EBMT risk score, such as donor type and donor recipient sex
combinations, could also be predictive of transplant outcomes in
APL, we are not aware of any study that has analyzed these
factors in this disease.

Regarding prognostic factors in auto-HSCT, in addition to
the duration of CR1, it has recently been suggested that salvage
therapy with ATO is associated with a delayed hematopoietic
recovery after transplantation. This association was initially
suggested in two cases (31), but later confirmed in a
Frontiers in Oncology | www.frontiersin.org 6
retrospective review of 58 APL patients undergoing auto-
HSCT at 21 institutions in the United States and Japan (32).
This study found that ATO exposure prior to hematopoietic
progenitor cell collection has negative impact on hematopoietic
recovery after auto-HSCT. Fortunately, this delay in
hematopoietic recovery does not appear to have a significant
impact on TRM and other transplant outcomes.

Patients with CNS or other extramedullary relapse have
classically been associated with a poorer outcome than those with
isolated bone marrow relapse (33). However, recent data have not
been able to demonstrate a negative impact of extramedullary
disease on transplant outcomes after salvage therapy (8, 11).
CONCLUSIONS

The high cure rate currently obtained in patients with APL using
modern treatments with ATRA plus chemotherapy or ATRA plus
ATO point out that there is no role for HSCT in front-line therapy.
The indication of HSCT has been relegated as consolidation of
relapsed patients who achieve second CR after salvage therapy
whenever possible. Although with a moderate level of evidence,
based on recent retrospective studies, autologous HSCT would be
the preferred option for consolidation for patients in molecular
CR2. Allogeneic HSCT could be considered in patients with a very
early relapse or those beyond CR2. Nevertheless, the superiority of
HSCT as consolidation over other alternatives without
transplantation has recently been questioned in some studies,
which justify a prospective controlled study to resolve this still
controversial issue.
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