
Impact of Conditioning Regimen on Outcomes for Children with Acute
Myeloid Leukemia Undergoing Transplantation in First Complete
Remission. An Analysis on Behalf of the Pediatric Disease Working
Party of the European Group for Blood and Marrow Transplantation
Lucchini, G.; Labopin, M.; Beohou, E.; Dalissier, A.; Dalle, J.H.; Cornish, J.; ... ; Veys, P.

Citation
Lucchini, G., Labopin, M., Beohou, E., Dalissier, A., Dalle, J. H., Cornish, J., … Veys, P.
(2017). Impact of Conditioning Regimen on Outcomes for Children with Acute Myeloid
Leukemia Undergoing Transplantation in First Complete Remission. An Analysis on Behalf
of the Pediatric Disease Working Party of the European Group for Blood and Marrow
Transplantation. Biology Of Blood And Marrow Transplantation, 23(3), 467-474.
doi:10.1016/j.bbmt.2016.11.022
 
Version: Not Applicable (or Unknown)
License: Leiden University Non-exclusive license
Downloaded from: https://hdl.handle.net/1887/114908
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:3
https://hdl.handle.net/1887/114908


Clinical Research: Pediatric

Impact of Conditioning Regimen on Outcomes for Children
with Acute Myeloid Leukemia Undergoing Transplantation in
First Complete Remission. An Analysis on Behalf of the
Pediatric Disease Working Party of the European Group for
Blood and Marrow Transplantation

Giovanna Lucchini 1,*, Myriam Labopin 2, Eric Beohou 2, Arnauld Dalissier 2, Jean Hughes Dalle 3,
Jacqueline Cornish 4, Marco Zecca 5, Sujith Samarasinghe 1, Brenda Gibson 6, Franco Locatelli 7,
Yves Bertrand 8, Fawzi Abdel-Rahman 9, Gerald Socie 10, Mikael Sundin 11, Arjan Lankester 12,
Peter Sedlacek 13, Rose Marie Hamladji 14, Carsten Heilmann 15, Boris Afanasyev 16,
Rachel Hough 17, Cristina Peters 18, Peter Bader 19, Paul Veys 1

1 Bone Marrow Transplant Department, Great Ormond Street Hospital, London, United Kingdom
2 BMT Statistical Unit, European Group for Blood and Marrow Transplantation Office, Universite’ Pierre et Marie Curie, Paris, France
3 Hemato-immunology Department, Hôpital Robert Debre, Paris, France
4 Paediatric Haematology/Oncology Department, Bristol Royal Hospital for Children, Bristol, United Kingdom
5 Pediatric Hematology-Oncology Department, Fondazione IRCCS Policlinico San Matteo, Pavia, Italy
6 Haematology Department, Royal Hospital for Sick Children, Glasgow, United Kingdom
7 Pediatric Hematology-Oncology Department, IRCCS Bambino Gesu’ Children Hospital, Rome, Italy
8 Pediatric Hematology and Oncology Department, Institut d’Hématologie et d’Oncologie Pédiatriqu, Lyon, France
9 Bone Marrow and Stem Cell Transplantation Department, King Hussein Cancer Centre, Amman, Jordan
10 Hematology/Transplantation Department, Hôpital St. Louis, Paris, France
11 Hematology/Immunology/SCT Department, Astrid Lindgren Children’s Hospital, Karolinska University Hospital, Stockholm, Sweden
12 Pediatrics Department, Division of Immuno-Hematology and Stem Cell Transplantation Leiden University Hospital, The Netherlands
13 Paediatric Haematology & Oncology Department, University Hospital Motol, Prague, Czech Republic
14 Hematology Department, Centre Pierre et Marie Curie, Alger, Algeria
15 Paediatrics and Adolescent Medicine Department, Rigshospitalet, Copenhagen, Denmark
16 Hematology and Transplantology Department, Saint Petersburg State Medical Pavlov University, Ratsa Gorbacheva Memorial Children’s Institute, St. Petersburg,
Russia
17 Stem Cell Transplantation Department, University College Hospital, London, United Kingdom
18 Stem Cell Transplantation Department, St. Anna Kinderspital, Vienna, Austria
19 Stem Cell Transplantation and Immunology Department, Universitätsklinikum Frankfurt, Goethe-Universität, Frankfurt am Main, Germany

Article history:
Received 21 October 2016
Accepted 29 November 2016

A B S T R A C T

Hematopoietic stem cell transplantation (HSCT) represents the cornerstone of treatment in pediatric high-
risk and relapsed acute myeloid leukemia (AML). The aim of the present study was to compare outcomes of
pediatric patients with AML undergoing HSCT using 3 different conditioning regimens: total body irradia-
tion (TBI) and cyclophosphamide (Cy); busulfan (Bu) and Cy; or Bu, Cy, andmelphalan (Mel). In this retrospective
study, registry data for patients > 2 and <18 years age undergoing matched allogeneic HSCT for AML in first
complete remission (CR1) in 204 European Group for Blood andMarrow Transplantation centers between 2000
and 2010 were analyzed. Data were available for 631 patients; 458 patients received stem cells from amatched
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sibling donor and 173 from a matched unrelated donor. For 440 patients, bone marrow was used as stem cell
source, and 191 patients received peripheral blood stem cells. One hundred nine patients received TBICy, 389
received BuCy, and 133 received BuCyMel as their preparatory regimen. Median follow-up was 55 months.
Patients receiving BuCyMel showed a lower incidence of relapse at 5 years (14.7% versus 31.5% in BuCy versus
30% in TBICy, P < .01) and higher overall survival (OS) (76.6% versus 64% versus 64.5%, P = .04) and leukemia-free
survival (LFS) (74.5% versus 58% versus 61.9%, P < .01), with a comparable nonrelapse mortality (NRM) (10.8%
versus 10.5% versus 8.1%, P = .79). Acute graft-versus-host disease (GVHD) grades III and IV but not chronic
GVHD, was higher in patients receiving BuCyMel. Older age at HSCT had an adverse impact on NRM and the
use of peripheral blood as stem cell source was associated with increased chronic GVHD and NRM as well as
lower LFS and OS. Among pediatric patients receiving HSCT for AML in CR1, the use of BuCyMel conditioning
proved superior to TBICy and BuCy in reducing relapse and improving LFS.

© 2017 American Society for Blood and Marrow Transplantation. Published by Elsevier Inc. All rights
reserved.

INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (HSCT)

has historically being used to consolidate remission or treat
relapse in acute myeloid leukemia (AML) in children and
adults [1,2]. The 2 most common conditioning regimens used
in this context have been based either on total body irradi-
ation (TBI) or on busulfan (Bu) [3-12].

Thomas and colleagues were the first to describe the use
of TBI for AML and reported a reduced toxicity by using a frac-
tionated TBI schedule [13,14]. Santos first described the use
of Bu-based regimens associated with cyclophosphamide (Cy)
200 mg/kg [15]. This regimen showed a low relapse rate but
increased transplantation-related mortality, which could be
corrected reducing the Cy dose to 120mg/kg as described by
Tutschka et al [16]. Blaise and Ringden published 2 random-
ized trials, which compared TBICy120 versus BuCy120 and
showed higher nonrelapsemortality (NRM) and higher relapse
incidence in the busulfan arm [17,18]. Nevertheless, further
updates on these studies provided longer follow-up and failed
to document a worse outcome in Bu-treated patients [19].
De Berranger et al. also concluded there was no advantage
of 1 regimen over the other when considering only a pedi-
atric population with AML in first complete remission (CR1)
at HSCT [20]. A more recent prospective study from Ishida
et al. confirmed no significant outcome differences in chil-
dren with AML in CR1/CR2 receiving TBICy or intravenous
BuCy [21]. In the recent literature, a single retrospective study
compared intravenous- (i.v.) administered Bu as opposed to
oral Bu, acknowledging the potential role of more predict-
able drug distribution for i.v. Bu [22]. Copelan et al.
documented lower NRM and relapse in patients with AML
in CR1 treated with i.v. BuCy as compared to those treated
with TBICy and lower incidence of relapse as compared to
both TBICy– and oral BuCy-treated patients. Overall, these data
have resulted in a reduced use of TBI-based conditioning
regimen in the AML pediatric population, as long-term TBI-
related toxicity represents a significant burden for surviving
children. In the attempt of improving the incidence of relapse
in high-risk patients, in 1994 Locatelli et al. proposed the use
of Bu associated with Cy 120 mg/kg and melphalan (Mel)
140 mg/m2 as a conditioning regimen for the treatment of
pediatric myelodysplastic syndrome [23]. In that context, 6
out of 8 described patients survived long term and a single
child died from potentially Bu-related toxicity (idiopathic
pneumonia). Intensification of chemotherapy regimens has
often reported significant results in the context of AML [24],
and the proposed combination of alkylating agents, though
potentially associated with higher risk of acute toxicity, could
in theory provide higher stem cell toxicity, thus targeting re-

sidual leukemic progenitor cells. BuCyMel has, therefore, been
incorporated into national prospective/retrospective studies.
The Italian national protocol for AML from Associazione
Italiana di Ematologia e Oncologia Pediatrica enrolled 141 pa-
tients conditioned with either oral or i.v. Bu who underwent
transplantation in CR1 for standard or high-risk cytogenet-
ics. This study reported a remarkably low transplantation-
related mortality of 7% and a leukemia-free survival (LFS) of
73%, with a relapse incidence of 17% at 8 years [25].

Encouraging results have been reported by a German ret-
rospective study [26] too, where the same conditioning
regimen was applied to pediatric patients with AML in ≥CR2.
NRMwas limited at 12%, 5-year LFS was 56%, and relapse was
33%. In both studies, the authors underscored the possible
beneficial effect of intensified chemotherapy as a key factor
in obtaining satisfactory long-term outcomes.

Concern regarding possible conditioning-related toxici-
ty emerged from other studies. Strahm et al. reported a
significant increase in NRM for children with myelodysplastic
syndrome undergoing HSCT without previous chemothera-
py. Overall, NRM at 5 years was as high as 21% with an
increased risk of developing life-threatening toxicity in pa-
tients above the age of 12 (33% NRM) [27]. Similarly, but in
other contexts, BuCyMel has been reported as severely toxic
([28], and R. Pieters, personal communication with regard to
the Interfant 99 protocol amendment; May 23, 2012), raising
possible concerns about the risk/benefit ratio even for pa-
tients with high risk of relapse. To the best of our knowledge,
there are no data specifically comparing BuCyMel with BuCy
or TBICy conditioning regimens for pediatric patients with
AML in CR1. The current retrospective registry study aims to
investigate the role of BuCyMel in this context and its pos-
sible prognostic impact.

PATIENTS AND METHODS
Data Source

We searched the registry of the European Group for Bone and Marrow
Transplantation (EBMT) for demographic, laboratory, and clinical data. Data
were provided and approved for this study by the institutional review board
of the Pediatric Disease Working Party of the EBMT group registry. EBMT
is a voluntary working group, including over 500 transplantation units that
are requested to report all consecutive HSCT and follow-up visits once each
year. Audits are routinely performed to ensure the accuracy of the data. Ac-
cording to EBMT rules, patients gave informed consent for data entry into
the EBMT registry database and use for analysis in accordance with the Dec-
laration of Helsinki. The participating centers are listed in the supplementary
information, Appendix S1.

Patients
All patients ages >2 to <18 years of age undergoing a first allogeneic HSCT

from a matched sibling or unrelated donor for AML in CR1 in 1 of the EBMT
centers between 2000 and 2010 were eligible for this study. Patients below
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the age of 2 were excluded from the study as they were mostly condi-
tioned without TBI. Patients receiving HSCT from umbilical cord blood were
excluded from the study. Patients with AML French-American-British subtype
acute promyelocytic leukemia (M3) subtype and juvenile myelomonocytic
leukemia were excluded from the study.

CR was defined by the absence of physical signs of leukemia or detect-
able leukemia cells on blood smears, bone marrow with normal
hematopoiesis, and <5% leukemia blasts cells (morphologically identified).

Transplantation Procedure
HLA compatibility with an adult related or unrelated donor was defined

as by high/medium-resolution typing for HLA-A, B, -C, -DR, and -DQ loci.
HLA compatibility with a sibling donor was defined by low-resolution typing
for HLA-A, -B, -C, -DR, and -DQ. Donors were defined as HLA-identical sibling
if they inherited the same parental haplotypes as their recipients. Donor-
recipient pairs were defined as HLAmatched if they were ≥9/10 (adult donor)
matched at allelic or antigen levels. The indication for transplantation in in
CR1 was defined per each center’s protocols. Patients received 1 of the fol-
lowing conditioning regimens: (1) Cy 120 mg/kg with TBI with a
hyperfractionated regimen (7 to 14.4 Gy, median dose 12); (2) Bu, median
dose of 16 mg/kg (range, 8 mg/kg to 23 mg/kg) with 120 or 200 mg/kg Cy;
or (3) Bu, median dose of 16 mg/kg (range, 10 mg/kg to 20 mg/kg) with
120 mg/kg Cy and 140 mg/m2 Mel. Patients receiving Bu with Cy 120 mg/
kg or 200 mg/kg were considered part of the same conditioning group, as
analysis of the outcome data did not differ between patients receiving the
2 different doses of Cy, as reported in Supplementary Table S1.

Among the participating centers using Bu-based conditioning regi-
mens, for the years considered for the present study, 31% were performing
Bu-targeted administration based on the cumulative predicted area under
the curve, but specific data for the patients in this study are not available.
Neutrophil engraftment was defined as granulocyte count >.5 × 109/L for 3
consecutive days after HSCT.

Study Endpoints
The primary endpoint of the study was 5-year LFS and overall survival

(OS) after HSCT in children with AML in CR1 at HSCT. LFS was defined as
the time from the date of transplantation to the date of relapse or death
from any cause, whichever comes first. OSwas defined as the time fromHSCT
to death, regardless of the cause. Secondary endpoints included the inci-
dences of acute and chronic graft-versus-host disease (GVHD), relapse, and
NRM. GVHD was diagnosed and graded according to internationally ac-
cepted criteria [29,30]. NRMwas defined as any death occurring in complete
remission.

Statistical Analysis
Patient data were collected through the EBMT database. Data were

checked for consistency and final analysis was performed by means of the
statistical software R version 3.2.3.

Descriptive analyses results are reported as medians and ranges for con-
tinuous variables and as number and percent for categorical variables. Kaplan-
Meier estimators and confidence intervals were used to estimate LFS and
OS and the log-rank test (discrete variables) was used for comparison [31].

Patients were censored at last follow-up if no events occurred. The cumu-
lative incidences of relapse and NRMwere estimated allowing for competing
risks by the Fine-Grey method [32]. The Cox proportional hazard regres-
sion models were used to evaluate the impact on relapse, LFS, and OS of the
following variables: age at transplantation, conditioning regimen, donor type
(sibling versus unrelated), time from diagnosis to transplantation, stem cell
source, presence of GVHD, and year of transplantation. Confidence inter-
vals are reported at the 95% and statistical tests were performed at the .05
level (2-sided).

RESULTS
Patient and Transplantation Characteristics

Six hundred thirty-one patients between the age of 2 and
18 were identified via the EBMT registry as HSCT recipients
from matched related or unrelated donors for AML in CR1
at HSCT between 2000 and 2010, following 1 of the 3 above-
mentioned myeloablative conditioning regimens.

Themedian follow-up for the patients’ cohort is 55months
(range, 2 to 173.8). Patients were reported by 204 centers.
Patient and transplantation characteristics according to the
conditioning regimen are summarized in Table 1. Patients who
received TBI were significantly older and underwent trans-
plantation earlier in time than patients receiving Bu-based
conditioning.

Overall, there were no significant differences among the
3 groups of patients in terms of transplantation character-
istics. Cytogenetic remission status at time of transplantation
was available only for a minority of patients (overall 190 pa-
tients; ie, 30% of the cohort). According to the available data,
a similar percentage of patients were in a cytogenetic remis-
sion at transplantation among the 3 conditioning regimen
groups (88.2% versus 89.8% versus 92.9%, P = 1.00).

Data about the route of Bu administration were available
for 66% of the reported patients. Oral administration was sig-
nificantly more frequent in patients receiving BuCyMel than
in those receiving BuCy conditioning (85.5% versus 44.5%,
P < .001).

Outcomes
Outcomes per conditioning regimen are shown in Table 2.

Engraftment was achieved in 608 patients (98.4%), with no
differences across conditioning regimens. NRM in the whole
cohort of patients was 10.1% (95% confidence interval [CI],
7.7 to 12.8), with no significant difference according to con-

Table 1
Patient and Transplantation Characteristics according to the Myeloablative Conditioning Regimen

Characteristic TBICy BuCy BuCyMel Total P Value

(n = 109) (n = 389) (n = 133) (n = 631) (95% CI)

Age at HSCT, median (range), yr 14.8 (2.1-17.9) 11.7 (2-18) 9.8 (2.1-17.9) 11.9 (2-18) .0001
Year of HSCT, median 2005 2007 2007 2007 .0001
Diagnosis to HSCT median, range 4.7 (2-20.5) 4.8 (.8-66.6) 5.3 (1.8-50.1) 4.9 (.8-66.6) .0345
Patient sex: male 64 (58.7%) 206 (53%) 79 (59.4%) 349 (55.3%) 1.00
Donor sex: male 68 (63.6%) 212 (55.5%) 69 (52.3%) 349 (56.2%) 1.00
Female donor to male recipient 22 (20.6%) 87 (22.8%) 33 (25%) 142 (22.9%) 1.00
Donor type
MSD 74 (67.9%) 302 (77.6%) 82 (61.7%) 458 (72.6%) .148
MUD 35 (32.1%) 87 (22.4%) 51 (38.3%) 173 (27.4%)

In vivo T cell depletion: yes 29 (26.6%) 67 (17.2%) 42 (31.6%) 138 (21.9%) .127
Stem cell source .127
BM 82 (75.2%) 250 (64.3%) 108 (81.2%) 440 (69.7%)
PB 27 (24.8%) 139 (35.7%) 25 (18.8%) 191 (30.3%)

Busulfan <.0001
Missing 153 23
Oral NA 105 (44.5%) 94 (85.5%)
Intravenous NA 131 (55.5%) 16 (14.5%)

MSD indicates matched sibling donor; MUD, matched unrelated donor; BM, bone marrow; PB, peripheral blood.
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ditioning regimen (Figure 1A). Overall, 51 patients died from
nonrelapse-related causes; detailed causes of death are listed
in Table 3. Patients above the age of 10 at HSCT had a con-
siderably higher chance of experiencing NRM than younger

patients (13.1% versus 5.7%, P < .01) as did recipients of pe-
ripheral blood stem cells compared with those who received
bone marrow (15.4% versus 8%, P < .01) and those who un-
derwent transplantation aftermore than 1 year from diagnosis

Table 2
Patient Outcome according to Conditioning Regimen

Outcome TBICy BuCy BuCyMel Total P Value

(n = 109) (n = 389) (n = 133) (n = 631) (95% CI)

Engraftment 100 (95.6-100) 97.9 (95.7-99) 98.4 (93-99.7) 98.4 (96.9-99.1) .065
aGVHD grade ≥ II 31.1 (22.5-41.1) 29.3 (24.8-34.3) 42.7 (34.2-51.7) 32.5 (28.8-36.4) .233
aGVHD grade ≥ III 6.8 (3.0-14.0) 9.6 (6.9-13.2) 17.6 (11.7-25.4) 10.8 (8.5-13.6) .052
cGVHD 27.8 (18.6-37.9) 25.8 (20.7-31.1) 35.2 (26-44.5) 27.5 (23.7-31.7) 1.00
Five-year NRM 8.1 (3.7-14.7) 10.5 (7.4-14.1) 10.8 (6.2-16.8) 10.1 (7.7-12.8) .79
Five-year relapse 30 (21.4-39) 31.5 (26.5-36.7) 14.7 (9.2-21.5) 27.3 (23.7-31.1) <.001
Five-year LFS 61.9 (53.1-72.2) 58 (52.8-63.7) 74.5 (67.3-82.4) 62.6 (58.7-66.8) .005
Five-year OS 64.5 (55.6-74.9) 64 (58.7-69.7) 76.6 (69.6-84.4) 67.2 (63.3-71.3) .041

Data presented are % (95% CI) unless otherwise indicated.
aGVHD indicates acute graft-versus-host disease; cGVHD, chronic GVHD.

Figure 1. (A) Cumulative incidence of nonrelapse mortality according to conditioning regimen. (B) Cumulative incidence of relapse according to condition-
ing regimen.
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(15.6% versus 9.6, P = .01). One hundred ninety-eight pa-
tients (32.5%) developed grade ≥ II acute GVHD, and severe
grade III/IV acute GVHD was observed in 66 patients (10.8%).
There was a trend toward more frequent severe acute GVHD
in patients conditionedwith BuCyMel (TBICy, 6.8%; BuCy, 9.6%;
BuCyMel, 17.6%; P = .05), but the incidence of GVHD-related
death in the BuCy-conditioned and BuCyMel-conditioned
group of patients was similar among the groups (Table 3).
Chronic GVHD occurred in 138 patients (27.5%), with no dif-
ference across the conditioning regimen used. Male patients
receiving HSCT from a female donor and patients receiving
peripheral blood stem cell as a source of graft had a signifi-
cantly higher chance of developing chronic GVHD (40.8%
versus 24.6%, P < .01 and 34.9% versus 25.3%, P = .02, respec-
tively) (Table 4). OS for the whole population was 67.2% (95%
CI, 63.3% to 71.3%). Relapse remained the primary cause of
death in our cohort. Overall, relapse incidence was 27.3% (95%

CI, 23.7% to 31.1%) (Table 2). Patients conditioned with
BuCyMel had a statistically significant lower chance of de-
veloping disease relapse than both TBICy- and BuCy-
conditioned patients (14.7% versus 30% versus 31.5%, P < .01)
(Figure 1B), with no other transplantation characteristics prog-
nostic for relapse incidence (Table 4). As a consequence, 5-year
LFS was significantly higher in patients conditioned with
BuCyMel than in both TBICy- and BuCy-conditioned pa-
tients (Figure 2A). In the univariate analysis (Table 4), the only
other parameter influencing long-term LFS apart from con-
ditioning regimenwas the stem cell source, with bonemarrow
recipients showing increased survival compared with pe-
ripheral blood recipients (65.7 versus 55.3, P < .01). BuCyMel
conditioning as well as younger age at transplantation,
matched sibling donor, and bone marrow as stem cell source
were favorable prognostic factors for OS in the univariate anal-
ysis as described in Table 4 and Figure 2B.

Table 3
Causes of NRM according to Conditioning Regimen

Cause of Death TBI/Cy Bu/Cy Bu/Cy/Mel Total

(n = 109) (n = 389) (n = 133) (n = 631)

Graft failure/rejection 0 1 (.2%) 1 (.7%) 2 (.3%)
Hemorrhage 0 0 1 (.7%) 1 (.2%)
Veno-occlusive disease 0 0 1 (.7%) 1 (.2%)
Infection 6 (5.5%) 6 (1.5%) 6 (4.5%) 18 (2.9%)
Idiopathic pneumonia 0 1 (.2%) 0 1 (.2%)
GVHD related 2 (1.8%) 15 (3.9%) 4 (3.0%) 21 (3.3%)
Cardiac toxicity 0 1 (.2%) 0 1 (.2%)
Other 0 6 (1.5%) 0 6 (1.0%)
Total 8 (7.3%) 30 (7.7%) 13 (9.8%) 51 (8.0%)

Data presented are n (%) unless otherwise indicated.

Table 4
Univariate Analysis for Outcome Variables other than Conditioning Regimen

Variables Five-Year Relapse Five-Year NRM Five-Year LFS Five-Year OS Five-Year cGVHD

Patient sex
Male 26.6 (21.7-31.6) 10 (6.9-13.7) 63.5 (58.2-69.2) 67.7 (62.4-73.3) 34.6 (28.7-40.7)
Female 28.3 (22.8-33.9) 10.1 (6.8-14.2) 61.6 (55.8-67.9) 66.5 (60.8-72.7) 20.5 (15.4-26.1)
P Value .48 .85 .47 .56 .002

Donor sex
Male 28.6 (23.7-31.6) 9 (6.1-12.4) 62.4 (57.2-68.1) 67.4 (62.3-73) 25.6 (20.4-31.1)
Female 25.9 (20.5-31.6) 11.8 (8-16.4) 62.3 (56.4-68.8) 66.5 (60.5-72.9) 31.5 (23.2-38.1)
P Value .37 .73 .48 .89 .15

Female donor to male recipient
Yes 25.2 (18-32.9) 11.4 (6.4-17.9) 63.5 (55.5-72.5) 67.3 (59.4-76.2) 40.8 (30.9-50.4)
No 28.1 (23.9-32.5) 9.9 (7.3-12.9) 62 (57.5-66.8) 66.9 (62.4-71.7) 24.6 (20.2-29.2)
P Value .51 .99 .53 .73 .002

Donor type
MSD 26.6 (22.3-31) 9.4 (6.8-12.6) 64 (59.4-68.9) 69.6 (65.1-74.3) 27.2 (22.6-32.1)
MUD 29.3 (22.3-36.6) 11.6 (7.2-17.1) 59.1 (51.9-67.4) 60.6 (53-69.2) 30.1 (22.3-38.3)
P Value .33 .18 .05 .02 .29

Age at HSCT, yr
≤10 26.5 (20.9-32.3) 5.7 (3.3-9.1) 67.8 (62-74.1) 73.5 (67.9-79.5) 25.6 (19.5-32.1)
10 27.9 (23.2-32.9) 13.1 (9.7-17.1) 59 (53.8-64.6) 62.8 (57.5-68.4) 29.7 (24.4-35.1)
P Value .67 .009 .06 .02 .47

Stem cell source
BM 26.4 (22.1-30.8) 8 (5.6-10.9) 65.7 (61.1-70.6) 71.8 (67.4-76.5) 25.3 (20.7-30.1)
PB 29.3 (22.5-36.4) 15.4 (10.3-21.6) 55.3 (48-63.6) 55.7 (48.1-64.4) 34.9 (27-42.9)
P Value .27 .007 .006 < .0001 .02

Time from dx to HSCT
>1 Year 28 (24.2-32) 9.6 (7.3-12.4) 62.3 (58.3-66.7) 67 (63-71.3) 28.2 (24-32.5)
<1 Year 18.4 (8.5-31.3) 15.6 (6.8-27.8) 66 (53.3-81.7) 68.8 (55.8-84.8) 26.7 (12-43.4)
P Value .24 .02 .58 .59 .94

Year of HSCT
≤ 2007 25.9 (21.3-30.7) 9.2 (6.4-12.6) 65 (60-70.3) 69.9 (65.1-75) 28.6 (23.3-34)
> 2007 29.8 (23.8-36.1) 11.6 (7.8-16.4) 58.5 (52.2-65.6) 62.5 (55.6-70.2) 26.5 (20.7-32.8)
P Value .40 .48 .27 .13 .74

Bold typeface indicates statistical significance.
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Multivariate Analysis
Results from the multivariate analysis are summarized in

Table 5. In our cohort of patients, BuCyMel as a condition-
ing regimenwas demonstrated to be the only significant factor
in reducing the relapse risk with an odds ratio (OR) of .44
(95% CI, .25 to .8; P < .01). Older age at HSCT, longer gap
between diagnosis and HSCT, peripheral blood as stem cell
source, and severe acute GVHD statistically increased the risk
for NRM, with OR of 1.1 (95% CI, 1.04 to 1.19), 1.7 (95% CI, 1.15
to 2.41), 2.1 (95% CI, 1.13 to 3.8), and 4.2 (95% CI, 2.01 to 8.68),
respectively. Overall, BuCyMel as a conditioning regimen had
a favorable prognostic impact on LFS with an OR of .57 (95%
CI, .35 to .94) when compared with TBICy and BuCy. Receiv-

ing HSCT from peripheral blood stem cells had a negative
impact on both LFS and OS in our cohort of patients, with
OR of 1.40 (95% CI, 1.03 to 1.9) and 1.83 (95% CI, 1.32 to 2.54),
respectively. Another negative prognostic factor on LFS and
OS proved to be receiving HSCT from a matched unrelated
as opposed to a matched sibling donor, with OR of 1.46 (95%
CI, 1.05 to 2.03) and 1.56 (95% CI, 1.09 to 2.22), respectively.

Discussion
The optimal conditioning regimen for children with AML

is still debated.
Although older studies pointed at a superiority of TBI-

based regimens over Bu-based regimens [17,18], more recent

Figure 2. (A) Leukemia-free survival estimation according to conditioning regimen. (B) Overall survival estimation according to conditioning regimen.
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studies failed to identify significant differences between the
2 strategies, possibly because intravenous Bu and targeted
Bu exposure were introduced [20,21]. Overall, the equiva-
lence between TBICy and BuCy preparative regimens became
of paramount importance in pediatrics, as BuCy allowed avoid-
ing TBI exposure in children, which invariably leads to severe
long-term sequelae. Nevertheless, the available studies have
so far failed to identify a conditioning regimen capable of af-
fecting the post-HSCT relapse risk, which still represents the
most frequent and less treatable complication for AML pa-
tients. To our knowledge, none of the above-mentioned
comparative studies included a significant number of pa-
tients exposed to BuCyMel as preparative regimen.

BuCyMel has shown remarkable results in pediatric pro-
spective and retrospective studies. Nonetheless, concerns have
been raised about its possible severe toxicity profile [25-28].
Admittedly, Bu had been administeredwith inconsistent ther-
apeuticdrugmonitoring (TDM) insomeof thestudies, reporting
increased toxicity. Thismight have had a strong impact on Bu-
relatedcomorbidities, assignificantdataareavailable, suggesting
that toxicity correlates to cumulative Bu exposure [33].

To understand if BuCyMel compared favorably with other
conditioning regimens in children with AML in CR1, we ret-
rospectively analyzed registry data from a large cohort of
patients.

The current study suffers from intrinsic limitations due to
his retrospective nature. Moreover, we had limited avail-
able information about the cytogenetic risk/status of the who
underwent transplantation patients as well as no details about
Bu TDM.

However, BuCyMel was associated with a significant re-
duction of relapse incidence compared with both TBICy and
BuCy. Moreover, the use of BuCyMel did not increase the rate
of NRM. This allowed for LFS and OS of 74.5% and 76.6%, re-
spectively, which are in keepingwith other cohorts of children
who underwent transplantation for AML in CR1with BuCyMel.
The better outcomes in BuCyMel-conditioned patients might
simply rely on the intensification of the chemotherapy or
might be related to some increased graft-versus-leukemia
effect, as patients conditioned with BuCyMel tended towards
a higher incidence of severe GVHD, and previous papers have
clearly shown an association betweenMel administration and
increased gut GVHD [34]. Our data also confirmed previ-

ously reported observations. In line with recent data from
Ishida et al., we demonstrated that TBICy and BuCy provide
similar outcomes in pediatric patients with AML in CR1 [21].
As documented by Locatelli et al. and by Beier et al., we report
that older pediatric patients experience a significantly higher
risk of NRM [25,26]. Interestingly, though, in our study no Bu-
specific toxicity was found to be the cause for increasing
deaths in these patients, as infections and GVHD were the
prominent causes of toxic deaths. In this regard, it would be
useful to compare other conditioning strategies to BuCyMel.
Bartelnik et al. have, for instance, showed in smaller numbers
that no significant outcome difference was documented
between pediatric patients withmyeloidmalignancies treated
with BuCyMel and those treated with Bu with fludarabin, but
less toxicity was documented in the latter group of patients
[35]. More recently, data about the use of treosulfan-based
conditioning are becoming available for pediatric patients af-
fected with malignancies, and they seem promising in terms
of reduced toxicity, though efficacy has not been exten-
sively examined yet in patients in first CR at transplantation
[36]. Other groups (United Kingdom and France) are cur-
rently investigating in a randomized prospective study the
use of Bu/fludarabine (reduced intensity) versus BuCy in pe-
diatric AML in CR1 (NCT 02724163). As data become available,
it will be interesting to compare these alternative approaches
to BuCyMel, with the specific aim of finding the right balance
between toxicity and efficacy.

In our data, we were also able to confirm that peripheral
blood as stem cell source in non T cell–depleted grafts sig-
nificantly increases the risk of GVHD and NRM, and should,
therefore, be avoided whenever possible, as it undermines
the long-term survival of treated patients [37-39].

According to our multivariate analysis, recipients of sibling
donor grafts had a superior survival compared with matched
unrelated recipients, which is unusual considering recently
published data. To explain this result, we should under-
score that the definition of matched unrelated donor in our
study was quite broad and included some 9/10 HLA–matched
donors, thereby possibly accounting for higher toxicity risk.

Overall, we were able to demonstrate that increasing the
intensity of conditioning regimen for children with AML in
CR1 might be a key factor in preventing relapse. We showed
that this could be achieved with BuCyMel administration,

Table 5
Multivariate Analysis according to Cox Regression Model

Risk Factor OR (95% CI) and P value

Relapse NRM LFS OS

BuCy versus TBICy .96 (.63-1.46) 1.63 (.69-3.83) 1.07 (.73-1.56) 1.04 (.69-1.58)
.84 .27 .72 .84

BuCyMel versus other conditioning .44 (.25-0.8) 1.22 (.45-3.32) .57 (.35-0.94) .61 (.36-1.03)
< .01 .70 .03 .07

Age at HSCT >10 yr 1.00 (.97-1.04) 1.11 (1.04-1.19) 1.03 (1-1.06) 1.03 (1-1.06)
.82 < .01 .08 .09

MUD versus MSD 1.44 (.96-2.13) 1.61 (.85-3.06) 1.46 (1.05-2.03) 1.56 (1.09-2.22)
.07 .15 .03 .02

Time from dx to HSCT (>1 yr) .81 (.5-1.3) 1.66 (1.15-2.41) 1.1 (.81-1.49) 1.14 (.84-1.55)
.38 < .01 .55 .39

aGVHD .44 (.18-1.09) 4.17 (2.01-8.68) 1.11 (.65-1.89) 1.52 (.88-2.61)
.08 < .01 .70 .13

Stem cell source PB versus BM 1.24 (.86-1.78) 2.07 (1.13-3.8) 1.40 (1.03-1.9) 1.83 (1.32-2.54)
.25 .02 .03 < .01

Year of HSCT before 2007 1 (.95-1.06) .99 (.9-1.1) 1 (.95-1.05) 1.01 (.96-1.06)
.97 .91 .99 .72

Bold typeface indicates statistical significance.
Dx indicates diagnosis.
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witnessing some toxicity but without significantly increas-
ing the risk of NRM in the context of adequate supportive care,
particularly in younger patients. These data support the use
of BuCyMel with appropriate TDM as a preparative regimen
for AML patients in CR1 at higher risk of relapse (ie, those
with high-risk cytogenetics).
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