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Factors influencing outcome and incidence of long-term complications
in children who underwent autologous stem cell transplantation
for acute myeloid leukemia in first complete remission
Franco Locatelli, Myriam Labopin, Juan Ortega, Giovanna Meloni, Giorgio Dini, Chiara Messina, Isaac Yaniv, Franca Fagioli,
Victoria Castel, Peter J. Shaw, Augustin Ferrant, Andrea Pession, Gerard Sociè, and Francesco Frassoni,
for the European Blood and Marrow Transplantation Acute Leukemia Working Party

To evaluate factors influencing outcome
and incidence of long-term complica-
tions, we analyzed, in a retrospective,
multicenter study, 387 children who un-
derwent autologous hematopoietic stem
cell transplantation (HSCT) for acute my-
eloid leukemia (AML) in first complete
remission (CR). Median follow-up time
from transplantation was 60 months.
Transplantation of bone marrow cells was
performed in 318 children, whereas in 60
patients peripheral blood progenitor cells
(PBPCs) were used. In multivariate analy-
sis, we investigated the variables influenc-
ing probability of hematopoietic recovery,
transplantation-related mortality (TRM),
relapse, and leukemia-free survival (LFS).

We found that use of PBPCs as stem cell
sources and use of BCNU (N,N-bis[2-
chloroethyl]-N-nitrosourea), amsacrine,
VP-16, and cytosine arabinoside (BAVC)
as a preparative regimen were associated
with faster neutrophil recovery. Infusion
of PBPCs, young age of patients, use of
BAVCs, and absence of marrow purging
predicted an accelerated platelet reconsti-
tution. The 5-year Kaplan-Meier estimates
of TRM, relapse, and LFS were 3% � 1%,
39% � 3% and 60% � 3%, respectively.
Relapse probability was increased in chil-
dren given the BAVC regimen, and it was
decreased after in vitro purging of hema-
topoietic progenitors and in children with
a French-American-British classification

of M3 and a time interval of 170 days or
more between CR and HSCT. These 2
latter variables favorably influenced the
probability of LFS, which was, by con-
trast, reduced with the BAVC regimen.
Thirty-three percent of patients surviving
more than 18 months experienced at least
one late sequela; use of total body irradia-
tion was the only predictive factor. The
results obtained in this analysis can be of
help in designing prospective studies of
autologous HSCT in children with AML in
first CR. (Blood. 2003;101:1611-1619)

© 2003 by The American Society of Hematology

Introduction

In the past 2 decades, postremission treatment, including conven-
tional chemotherapy and allogeneic and autologous hematopoietic
stem cell transplantation (HSCT), has considerably contributed to
improved survival of patients with acute myeloid leukemia
(AML).1,2 In particular, autologous HSCT has been largely used to
prevent relapse in patients with AML who achieve complete
remission (CR) after induction therapy.3 Although some random-
ized studies have suggested an advantage in terms of leukemia-free
survival (LFS) for patients with AML in first CR who underwent
autologous HSCT compared with those treated with chemotherapy
alone,4,5 other reports did not confirm this observation.6,8-10 In
particular, in the 4 studies focusing on pediatric patients,7-10 only
one,7 in which autologous transplantation was compared with no

further therapy, showed an advantage in terms of LFS for patients
who underwent HSCT, whereas the remaining 3 did not show any
advantage in the probability of survival for patients who underwent
transplantation.8-10 This reduced the enthusiasm regarding the use
of autologous transplantation for childhood AML in first CR.

Other noncontrol studies on autologous HSCT in children and
adolescents with AML in first CR have reported encouraging
results.11,12 However, most of the control and noncontrol reports
either analyzed a limited number of patients or had relatively short
follow-up periods, precluding the possibility of obtaining data that
allowed conclusive establishment of the impact of different factors
on the outcomes for children undergoing autologous HSCT in first
CR. In particular, the optimal conditioning regimen for autologous
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HSCT still must be defined. The choice between regimens contain-
ing radiotherapy and regimens based on chemotherapy alone is the
most important issue.

In view of the above considerations, we carried out a large,
multicenter, retrospective study aimed at analyzing the impacts of
disease-, patient-, and transplantation-related factors on relapse,
non–leukemia-related death, and LFS of children with AML in first
CR who underwent autologous HSCT. Moreover, to evaluate the
sequelae experienced by long-term survivors, we evaluated the
occurrence of the most common complications—namely growth
impairment, thyroid complications, hypogonadism, cataract, and
secondary malignancy—in our cohort of patients.

Patients and methods

The European Blood and Marrow Transplantation (EBMT) registry is a
voluntary working group of transplantation centers, both pediatric and
adult. Participants are required once a year to report all consecutive
transplantations and follow-up. The Acute Leukemia Working Party
(ALWP) of the EBMT is in charge of validating and checking submitted
data to ensure data quality. This study includes patients undergoing
autologous bone marrow (BM) or autologous peripheral blood progenitor
cell (PBPC) transplantation who were younger than 16 years at time of
transplantation, had de novo AML according to the criteria of the
French-American-British (FAB) cooperative group,13 underwent transplan-
tation between January 1980 and December 1999, and were reported to the
ALWP of the EBMT group. No patient with Down syndrome was included
in this study. Three hundred eighty-seven patients (204 males, 183 females)
who underwent autologous HSCT at 51 centers experienced in performing
transplantation of children satisfied these criteria. Data concerning patient-
and disease-related characteristics and transplantation outcomes were
collected by standardized questionnaires of EBMT for each child enrolled
in this study.

Details on patient characteristics, white blood cell (WBC) counts at
diagnosis, FAB classification, number of courses needed to achieve CR,
median time interval between diagnosis and HSCT, source of stem cells,
and number of cells infused are reported in Table 1. Transplantation of bone
marrow progenitor cells (BMPCs) was performed in 318 children, whereas
in 60 patients PBPCs were used. The remaining 9 children underwent
transplantation with a combination of BMPCs and PBPCs.

Preparative regimens varied mainly according to patient age and
transplantation center protocols (Table 1). One hundred fifty-seven patients
underwent a radiotherapy-containing preparative regimen, whereas in the
remaining 230 children chemotherapy-based myeloablative therapy was
used. In the latter group, 138 children were given busulfan in combination
with other cytotoxic drugs and 37 were treated with the BCNU (N,N-bis[2-
chloroethyl]-N-nitrosourea), amsacrine, VP-16, and cytosine arabinoside
(BAVC) preparative regimen.9,14

One hundred twenty patients received marrow cells purged in vitro with
an active cyclophosphamide derivative (mafosfamide; Asta Z 7557).
Supportive therapy and prophylaxis and treatment of infections varied
among centers.

Definitions

Patients were considered in CR if they had normal neutrophil and platelet
counts, less than 5% blast cells in a BM smear, absence of circulating blasts,
and absence of extramedullary leukemia cell infiltration. For the purpose of
this study, patients with inv16, t(8;21), and t(15;17) were classified as
having good prognoses (63 patients). Chromosomal abnormalities classi-
fied as poor prognostic features (32 patients) included monosomy of
chromosomes 5 and 7, anomalies of 11q, t(6;9), or complex karyotype (ie,
more than 3 cytogenetic abnormalities). Patients with cytogenetic abnormali-
ties other than these or with normal karyotypes were assigned to an
intermediate risk group (102 patients; Table 1).

Myeloid engraftment was defined as the first of 3 consecutive days
when neutrophil levels were 0.5 � 109/L or higher, and platelet engraftment
was defined as the first of 7 consecutive days with an unsupported platelet
count of 50 � 109/L or higher.

In the group of 169 patients surviving in remission more than 18 months
after HSCT, we investigated the occurrence of late complications through a
form recording data about the development of sequelae, such as growth
impairment, thyroid complications, hypogonadism, and secondary malig-
nancy. Information was available for 147 children with a median follow-up
period of 60 months (range, 18-158 months). The remaining 22 patients for
whom we did not obtain data on the occurrence of late effects had follow-up
intervals between 18 and 24 months. Details on the distribution of patients
evaluable for the occurrence of late complications according to the time
interval after HSCT are reported in Table 2.

Statistical analysis

Data were analyzed as of December 31, 2000. All analyses were performed
with the SPSS computer program (SPSS, Chicago, IL). Values reported for
quantitative variables were medians and ranges. The following patient or
graft characteristics were analyzed for their potential prognostic value on
each indicator of outcome: patient characteristics (age, sex), disease factors
(WBC count at diagnosis, FAB classification, cytogenetics, number of
induction courses prior to CR1, interval from diagnosis to CR1, number of

Table 1. Clinical characteristics of the 387 patients enrolled in the study

Characteristic Value

Median age at diagnosis, y (range) 7.3 (0.1-15.6)

Median age at transplantation, y (range) 7.8 (0.5-16.0)

Sex, M/F 204/183

FAB classification

M0 6

M1 59

M2 93

M3 36

M4 71

M5 96

M6 10

M7 16

Median WBC count at diagnosis, �109/L (range) 17 (0.6-840)

Cytogenetic abnormalities

Good-prognosis karyotype 63

Intermediate-risk karyotype 102

Poor-prognosis karyotype 32

Failed/unknown 190

No. induction courses to achieve first CR*

1 234

2 92

3 or more 29

Median interval diagnosis to first CR, d (range) 38 (14-354)

Median interval first CR to ABMT, d (range) 114 (17-830)

Source of stem cells

BM 318

PB 60

BM � PB 9

Purging

No 267

Yes 120

Median no. cells infused, �108/kg (range)

BM, 78 missing 2.85 (0.2-17)

PB, 7 missing 8.8 (1.95-76.5)

Conditioning regimen

TB1 � chemotherapy 157

Busulfan � chemotherapy 138

BAVC 37

Other chemotherapy 55

*Data were missing for 32 patients.
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consolidation courses between CR1 and transplantation, interval from CR1
to HSCT), and transplantation-related factors (source of stem cells, in vitro
purging, number of nucleated cells infused per kilogram body weight, type
of conditioning regimen, year of transplantation). For these prognostic
analyses, continuous variables were categorized as follows: each variable
was first divided into 5 categories at approximately the 20th, 40th, 60th, and
80th percentiles. If the relative event rates (ratio of the observed number of
events to the expected number of events in a category, assuming no
variation across categories) in 2 or more adjacent categories (and the mean
times-to-event) were not substantially different, these categories were
grouped. If no clear pattern was observed for the primary outcome, the
median was taken as cut point.15

Patients were censored at the time of relapse or of last follow-up.16

Probability of hematopoietic recovery, LFS, relapse incidence (RI), and
transplantation-related mortality (TRM) were estimated by the product-
limit method.17 The significance of differences between curves was
estimated by the log-rank test (Mantel-Cox). All variables influencing
outcome with P � .2 in univariate analysis were included in a multivariate
analysis, with the exception of the number of cells infused because for 87
children values were lacking. Then a backward stepwise procedure was
used to select covariates (P � .10) to include in the final Cox proportional
hazards model.18

Given that the date of appearance of late effects was not reported in the
registry, we used the �2 test to study prognostic factors for late complica-
tions in univariate analysis. All factors associated with P � .2 were then
included in a stepwise logistic regression.

Results

Engraftment

Information on the kinetics of myeloid recovery was available for
379 of 387 children included in this study. Engraftment failed in 6
patients; 2 of them had received purged marrow. In the remaining
373 children, the median time to neutrophil recovery was 25 days
(range, 9-138 days). In Cox analysis on the whole population, the
use of PBPCs as a stem cell source (P � .0001; relative risk [RR],
0.33; 95% confidence interval [CI], 0.23-0.45) and the use of
BAVC as a preparative regimen (P � .0001; RR, 0.39; 95% CI,
0.27-0.57) were factors predicting faster neutrophil recovery.
Among patients who received transplanted marrow cells, those
who underwent transplantation after 1993 had accelerated myeloid
recovery (RR, 0.74), as did those given BAVC as a preparative
regimen (P � .001; RR, 0.43; 95% CI, 0.26-0.69). By contrast, in
vitro purging with mafosfamide and number of cells infused did not
have any influence on the kinetics of granulocyte recovery (data
not shown).

Data on platelet recovery were reported for 361 of 387 patients
analyzed. Thirty-three children did not achieve platelet reconstitu-
tion at the time of last assessment. In the remaining 328 children,

Table 2. No. patients evaluable for occurrence of late complications subdivided according to interval from transplantation to development of sequelae

Follow-up
interval, mo

No. patients
evaluable

Late effect

No Yes (%) Specifics

18-24 44 19 3 (14) 3 thyroid abnormalities

24-36 22 18 4 (18) 3 thyroid abnormalities

1 growth impairment

36-48 19 16 3 (16) 1 thyroid abnormality

1 chronic pulmonary insufficiency

1 early puberty

48-60 10 3 7 (70) 3 growth impairment

1 growth impairment � hypogonadism

1 amenorrhea

1 delayed puberty

1 mild impairment of pulmonary function

60-72 20 12 8 (40) 1 growth impairment

2 growth impairment � thyroid abnormality

2 thyroid abnormality

1 early puberty

2 hypogonadism

72-84 10 3 7 (70) 2 growth impairment

1 growth impairment � thyroid abnormality

1 thyroid abnormality

2 hypogonadism (1 with osteopenia)

1 mental retardation

84-96 8 4 4 (50) 1 growth impairment

2 thyroid abnormality

1 growth impairment � thyroid abnormality � cataract

96-108 8 6 2 (25) 1 growth impairment

1 growth impairment � hypogonadism � arthritis

108-120 10 7 3 (30) 1 growth impairment

1 growth impairment � thyroid abnormality � cataract

1 thyroid abnormality � ovarian failure

more than 120 18 10 8 (44) 3 growth impairment

1 thyroid abnormality

1 impairment of cardiac function � ovarian failure � hepatitis C

1 growth impairment � thyroid abnormality � ovarian failure � NIDDM � hepatitis C

2 hypogonadism

Total no. patients evaluable 169 98 49

NIDDM indicates non–insulin-dependent diabetes mellitus.
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Table 3. Univariate analysis of variables influencing LFS, RI, TRM, and OS

N LFS RI TRM OS

Median age at diagnosis, y

Younger than 7.3 193 61 � 4 38 � 4 2 � 1 66 � 4

7.3 or older 194 58 � 4 40 � 4 3 � 1 64 � 4

P .66 .89 .23 .75

Median age at ABMT, y

Younger than 7.8 193 61 � 4 38 � 4 2 � 1 66 � 4

7.8 or older 194 58 � 4 40 � 4 3 � 1 64 � 4

P .81 .92 .57 .92

Median WBC count at diagnosis

Lower than 17 � 109/L 167 63 � 4 35 � 4 3 � 1 65 � 4

17 � 109/L and higher 169 55 � 4 44 � 4 1 � 1 64 � 4

P .16 .13 .69 .86

Sex

Male 204 58 � 4 41 � 4 2 � 1 63 � 4

Female 183 62 � 4 36 � 4 3 � 1 67 � 4

P .35 .24 .44 .44

FAB subtype

M3 36 77 � 7 18 � 7 6 � 4 80 � 7

M0 and M6 16 29 � 14 71 � 14 0 47 � 13

Other subtype 335 59 � 3 40 � 3 2 � 1 64 � 3

P .02* .006* .5 .13

Cytogenetics

Good 63 68 � 6 29 � 6 5 � 3 74 � 6

Normal/intermediate 102 61 � 5 38 � 5 1 � 1 73 � 5

Poor 32 65 � 9 33 � 9 3 � 3 65 � 9

NA/failed 190 56 � 4 43 � 4 3 � 1 60 � 4

P .45 .27 .71 .21

No. induction courses to reach CR1

1 234 63 � 4 36 � 3 2 � 1 68 � 3

2 92 60 � 5 39 � 5 3 � 2 65 � 5

More than 2 29 48 � 9 50 � 9 3 � 3 50 � 9

P (trend) .1 .1 .75 .04*

1 or 2 courses (together) 62 � 3 37 � 3 2 � 1 67 � 3

P (1 or 2 courses vs �2) .08 .1 .6 .016*

Median interval diagnosis to CR1, d

Fewer than 38 188 63 � 4 36 � 4 2 � 1 70 � 4

38 or more 199 57 � 4 41 � 4 3 � 1 61 � 4

P .1 .17 .24 .03*

No. consolidation courses between CR1 and ABMT

3 or fewer 145 63 � 4 35 � 4 3 � 2 70 � 4

More than 3 86 69 � 5 31 � 5 0 70 � 5

P .35 .59 .09 .85

Interval CR1 to ABMT, d

Fewer than 170 (5th percentile) 310 57 � 3 42 � 3 3 � 1 64 � 3

170 or more 77 70 � 5 29 � 5 0 70 � 5

P .014* .04* .1 .2

Source of stem cells

BM 318 60 � 3 38 � 3 3 � 1 66 � 3

PB 60 61 � 8 37 � 8 2 � 2 60 � 10

P .81 .74 .76 .64

Purging

No 267 56 � 3 43 � 3 2 � 1 61 � 3

Yes 120 68 � 5 30 � 4 3 � 2 74 � 4

P .09 .04* .21 .07

Conditioning regimen

TBI � other chemotherapy 157 63 � 4 34 � 4 5 � 2 67 � 4

Busulfan � other chemotherapy 138 59 � 4 40 � 4 2 � 1 62 � 5

BAVC 37 35 � 8 65 � 8 0 49 � 8

Other chemotherapy 55 65 � 7 34 � 7 0 78 � 7

Overall P .03* .007* .08 .03*

P for TBI vs no TBI .27 .07 .012* .64

P for TBI � other chemotherapy vs busulfan �

other chemotherapy .43 .18 .12 .51
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the median time to self-sustained platelet count higher than
50 � 109/L was 46 days (range, 11-383 days). From the Cox
model, we found that the most favorable factors for platelet
recovery in the overall population were infusion of PBPCs
(P � .0001; RR, 0.53; 95% CI, 0.38-0.74), age younger than 7.8
years (P � .0001; RR, 0.62; 95% CI, 0.49-0.80), use of BAVC as a
preparative regimen (P � .0001; RR, 0.40; 95% CI, 0.27-0.59),
and absence of marrow purging (P � .004; RR, 0.68; 95% CI,
0.52-0.88). The latter 3 variables, together with a number of cells
infused more than 2.85 � 108/kg recipient body weight, were
associated with faster platelet engraftment in the cohort of children
given transplanted BMPCs (data not shown).

Transplantation-related mortality

Ten patients died of transplantation-related causes. The 5-year
overall probability rate of TRM was 3% � 1%. Table 3 lists the
probabilities of TRM, RI, LFS, and overall survival not adjusted for
differences in factors that influence transplantation outcome. In
univariate analysis, only the use of total body irradiation (TBI)–
containing preparative regimens negatively influenced TRM; all
other variables, including year of transplantation and center size,
did not have any impact on the probability of death from
transplantation-related complications, probably because of the
limited number of events that occurred. None of the variables
considered influenced TRM in multivariate analysis.

Relapse

Leukemia relapse occurred in 140 (36%) patients. The 5-year
cumulative probability of relapse was 39% � 3% for the entire
group of children. Leukemia progression was the direct cause of
death in 102 children, whereas 11 other children died of complica-
tions related to treatment of relapse (Table 4). In univariate

analysis, FAB M3 variant, time interval of 170 days or greater (5th
percentile) between CR and HSCT, and purging of hematopoietic
progenitors (Figure 1) predicted lower RI (Table 3). By contrast,
use of the BAVC preparative regimen was associated with an
increased risk for leukemia recurrence (Figure 2). All 4 variables
maintained their predictive value for RI in the Cox model (Table 5).
A trend in favor of fewer relapses in TBI-containing preparative
regimens was observed in univariate analysis (Table 3) but was not
confirmed in the Cox model. We did not find any effect on RI of the
time interval between remission and harvesting of hematopoietic
stem cells for the overall population (data not shown).

Survival and leukemia-free survival

Overall, 264 children remain alive after HSCT; the 5-year Kaplan-
Meier estimate of survival was 65% � 3%. Among all 387
children, patients needing more than 2 cycles of induction to reach
CR, those with a time interval between diagnosis and achievement
of CR of 38 days or longer (median value), and those administered
BAVC had a lower probability of survival in univariate analysis
(Table 3). Likewise, in the subgroup of patients who underwent
transplantation with bone marrow progenitors, if the number of
cells infused was greater than 2.85 � 108/kg (median value), it was
predictive of worse outcome. From the Cox model, we found that
lower probability of survival was associated with a time interval
between diagnosis and achievement of CR1 at 38 days or more,
whereas marrow purging was a favorable factor. A trend in favor of

Figure 1. Posttransplantation cumulative probability of relapse according to in
vitro purging of hematopoietic progenitors.

Table 4. Causes of death

Cause No. patients (%)

Disease progression 102 (83)

Infectious complications 7 (6)

Interstitial pneumonia 6 (5)

Cardiac toxicity 1 (0.5)

Organ failure 2 (1)

Hemorrhage 2 (1)

Other transplantation-related causes 3 (2)

Table 3. Univariate analysis of variables influencing LFS, RI, TRM, and OS (continued)

N LFS RI TRM OS

Median no. nucleated cells infused BM

Less than 2.85 � 108/kg 120 63 � 4 36 � 5 2 � 1 71 � 4

2.85 � 108/kg or more 120 54 � 5 45 � 5 3 � 1 56 � 5

P .21 .23 .67 .03*

Median PB

Less than 8.8 � 108/kg 26 53 � 11 44 � 11 5 � 5 55 � 14

8.8 � 108/kg or more 27 74 � 9 26 � 9 0 70 � 12

P .29 .4 .32 .39

BM and nucleated cells

BM less than 2.85 � 108/kg 120 63 � 5 36 � 5 2 � 1 71 � 4

Other 180 56 � 4 42 � 4 3 � 1 58 � 4

P .25 .27 .73 .04*

Year of transplantation, median

Before 1993 195 60 � 3 39 � 3 2 � 1 65 � 3

1993 or later 192 74 � 9 37 � 4 3 � 1 66 � 4

P .29 .65 .63 .99

*P � .05; NA indicates not applicable.
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children with time intervals of 170 or more days between CR1 and
HSCT was also observed (Table 5).

Two hundred thirty-seven (61%) patients are alive in CR, with a
median observation time of 60 months from transplantation (range,
1-202 months). The Kaplan-Meier estimate of LFS at 5 years was
60% � 3%. Kaplan-Meier estimates of LFS for patients with the
FAB M3 variant and with the M0 and M6 variants and for the
remaining FAB subgroups were 77% � 7%, 29% � 14%, and
59% � 3%, respectively. Children with the FAB M0 and M6
variants were grouped together because of the superimposable poor
outcomes. Univariate analysis of factors related to patient, leuke-
mia, and transplantation that influenced LFS showed that the FAB
M3 variant and a time interval of 170 or more days between CR1
and HSCT were associated with better outcomes, whereas the use
of BAVC as a preparative regimen offered less chance of patients
being alive and free from leukemia (Table 3; Figure 3). All these
variables remained significant in multivariate analysis, which
showed a trend for a favorable effect of purging on the probability
of LFS (Table 5). Remarkably, LFS of the 32 children in the
cytogenetically poor risk group was 65% � 9%.

Long-term side effects

Among the 147 patients with follow-up times longer than 18
months and for whom long-term side effects was reported, 49

(33%) had at least one type of complication. Details on the
occurrence of long-term side effects are reported in Table 2. Among
the 21 patients who experienced impairment of growth velocity; 9
were given hormonal replacement therapy with recombinant hu-
man growth hormone. Abnormalities of thyroid function were
observed in 20 children; 12 of them needed substitute therapy with
thyroxin. Hypogonadism was reported in 13 children. One child
acquired secondary myelodysplasia 4.5 years after HSCT, whereas
none of the patients analyzed had a diagnosis of secondary solid
tumor. In univariate and multivariate analyses, the use of TBI
during the preparative regimen was the only factor statistically
associated with the development of late complications as a whole
(data not shown).

Discussion

This retrospective study analyzes the role played by different
patient-, disease-, and transplantation-related variables in influenc-
ing outcome in a large cohort of children who underwent autograft
transplantation for AML in first CR. Study results on a large
number of patients, reported to an observational database and
representative of the general patient population, permit detailed
analyses of prognostic factors influencing outcome—often not
possible to obtain from unicenter studies, which usually include a
limited number of patients. The critical question regarding whether
ABMT is better than chemotherapy or allograft as consolidation
treatment for childhood AML in first remission has to be addressed
through randomized clinical trials, some of which are already
published.7-10 This question cannot be definitively answered by a
study such as ours. The value of such studies as this lies in the high
number of patients analyzed and in their long follow-up, in turn
enabling the identification of prognostic factors for outcome and
estimation of impact of late effects.

The favorable effect of PBPC use in accelerating the recovery
of hematopoiesis in children who undergo autograft transplantation
has already been reported.19-22 Even though PBPCs are now
preferentially used for treating children with solid tumors who have
been given high-dose chemotherapy, their use in children with
AML is not as frequent, mainly because of the difficulties in
collecting adequate numbers of circulating hematopoietic progeni-
tors. Moreover, none of the prospective studies on the treatment of
children with AML has included a course of chemotherapy
specifically designed to mobilize hematopoietic stem cells.

Figure 2. Posttransplantation cumulative probability of relapse according to
the conditioning regimen used. Figure 3. Kaplan-Meier estimate of LFS according to the conditioning regimen

used.

Table 5. Multivariate analysis of variables influencing LFS, RI, and OS

P RR 95% CI

LFS

Interval from CR1 to ABMT, more than

170 d .006 0.52 0.33-0.83

BAVC .013 1.76 1.13-2.76

M3 .026 0.44 0.22-0.91

Purging .08 0.71 0.49-1.05

RI

M3 .012 0.35 0.15-0.79

Interval from CR1 to ABMT, 170 d or

more .014 0.56 0.35-0.89

Purging .036 0.65 0.43-0.97

BAVC .004 1.93 1.23-3.03

OS

Interval from diagnosis to CR1, more than

38 d .034 1.48 1.03-2.12

Purging .041 0.64 0.42-0.98

Interval from CR1 to ABMT, more than

170 d .09 0.66 0.41-1.07

With the exception of number of cells infused, all variables associated with P � .2
in univariate analysis were considered covariates because values were missing for
87 children.
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Among patients given marrow cells, children who underwent
transplantation more recently experienced faster neutrophil recov-
ery. This may be explained by the use of hematopoietic growth
factors, which became available only after 1990 and proved to be
effective for shortening the duration of posttransplantation neutro-
penia.23-26 Despite their favorable effects on hematopoietic reconsti-
tution, the infusion of PBPCs and the use of hematopoietic growth
factors did not have any influence on the probability of TRM,
which remained remarkably low during the study period and was
not correlated with any of the variables investigated. The role of
hematopoietic growth factors should be evaluated considering the
benefits on morbidity, length of hospital stay, and so on. In fact,
their effect on myeloid recovery could be only cosmetic. Given the
cost of these cytokines, some doubts about their indiscriminate use
in children given HSCT for first CR AML have been raised.26,27

Although the TRM probability observed in our cohort confirms
the results published in some recent trials on the role of autologous
HSCT in childhood AML,6,11 other studies document a probability
of dying as a result of transplantation-related complications that is
significantly higher than what we report.8 We do not have any
obvious explanation for this discrepancy. Although we cannot
exclude with absolute certainty a bias in preferentially reporting
children with favorable outcomes, the 3% probability of TRM in
our cohort provides evidence for the safety of autologous HSCT in
these children. This value is noteworthy considering that ours was a
retrospective, multicenter study that analyzed all pediatric patients
with AML in first CR who underwent autograft transplantation and
were reported to the EBMT registry over a long period of time.

In this study, the bone marrow of 120 patients was purged in
vitro with mafosfamide at standard dosage. In vitro marrow
purging did not have any effect on myeloid recovery, but it delayed
the kinetics of platelet engraftment. Because it has been demon-
strated that leukemia cells harvested with the autologous graft may
at least contribute to posttransplantation relapse,28 there is a
theoretical, strong rationale for supporting the choice of marrow
purging before HSCT. Using the Cox model, we documented that
purging was associated with a lower probability for leukemia
recurrence and increased overall survival and with a trend toward a
better LFS. Our results confirm the findings reported by Gorin et
al29 and more recently by Miller et al.30 In both these studies, which
analyzed autologous HSCT for AML in adults and children, a lower
risk for leukemia recurrence was observed in patients given purged
grafts.29,30 Thus, our results indicate that purging of hematopoietic
progenitors should be used before autograft transplantation in
childhood AML.

Children with acute promyelocytic leukemia had the lowest
probability for relapse and the best chance for LFS. Excellent
results on these patients have been reported using a combination of
chemotherapy and all-trans retinoic acid.31-33 Neither autologous
nor allograft HSCT is considered any longer to be electively
indicated in patients with this type of leukemia in molecular
remission during or at time of treatment discontinuation. This is
confirmed in our cohort; only 11 of 36 children with AML M3 FAB
subtype reported in this study underwent transplantation after 1993.

Even though the number of patients analyzed is limited, our
results indicate that children with AML M0 and M6 have the lowest
chance for cure by autograft transplantation. In view of the
improved results recently reported in patients who received trans-
plants from matched donors on the basis of high-resolution
techniques of molecular typing for HLA class 1 and class 2
antigens,34,35 these children could be considered for allografts from
unrelated donors. We did not find a worse outcome for patients with

megakaryoblastic leukemia, an AML variant recently reported to
be associated with a dismal prognosis, especially when an allograft
was not used to consolidate a state of remission.36

In our cohort, the overall probability of LFS was 60% � 3%, a
value at least comparable with those reported in other prospective
or retrospective studies, most of which enrolled fewer patients and
had shorter observation times.7-12 Of particular interest are the data
on patients with poor-risk cytogenetic characteristics, in whom the
results obtained with chemotherapy are usually less satisfactory
than those obtained in children with inv16 or t(8;21).6 The 2 major
biases of retrospective studies on patients who undergo transplanta-
tion are the so-called time-censoring effect (ie, patients who
undergo transplantation late after the achievement of CR may be at
low risk for relapse given that with increasing length of remission,
the risk for recurrence decreases) and the possibility that patients
selected for autologous HSCT have a different intrinsic prognosis
than those who are not. We found that children who underwent
transplantation 170 or more days after CR1 (which corresponds to
the fifth percentile of the interval from CR1 to autograft) had a
70% � 5% probability for LFS, whereas the value for patients with
shorter time intervals between CR and HSCT was 57% � 3%. This
difference was statistically significant in multivariate analysis. A
long time interval between CR1 and HSCT also predicted a lower
risk for relapse from the Cox model. It remains questionable
whether these findings reflect a selection bias in that children who
undergo transplantation later have a lower risk for relapse, a
beneficial effect deriving from additional consolidation courses
useful to reduce the tumor load in the patient (in vivo purging), or a
combination of these 2 factors. To avoid the risk for early and late
toxicity from autologous transplantation in patients with a high
chance for cure from chemotherapy, it can be suggested that HSCT,
if included in the treatment of a child with AML, be performed
within the first 6 months after CR. Changes in the overall treatment
strategy of AML, such as the introduction of high-dose Ara-C
during consolidation, might have had an impact on the results. This,
however, cannot be revealed by a retrospective registry study
covering a 20-year period.

Our results on the BAVC regimen confirm the data of a
previously published randomized Italian study that documented a
comparable, albeit poor, chance for LFS in children with AML in
first CR who were treated with consolidation chemotherapy or with
autologous HSCT after the BAVC preparative regimen.9 In our
cohort this preparative regimen was mainly used in the era before
the introduction of high-dose Ara-C during consolidation therapy
and in patients whose marrow cells were not purged in vitro. It is
reasonable to hypothesize that both factors contributed to the
inferior results of the BAVC regimen.

We did not find any advantage in terms of LFS for children
given a TBI-containing preparative regimen, which, in some
previous reports,11,37,38 seemed able to improve the outcome of
autologous HSCT. By contrast, radiotherapy was the only factor
associated in multivariate analysis with the occurrence of late
effects in our cohort. One third of our patients surviving more than
18 months after HSCT developed at least one side effect, and this
percentage increased with increasing time from transplantation
(Table 2). Because of the retrospective, multicenter nature of the
study, the reported percentages should be taken to represent the
absolute minimum seen in patients with these disease characteris-
tics. Growth retardation, hypothyroidism, and hypogonadism were
the most frequent complications; in several patients they necessi-
tated hormone replacement therapy. Other studies have demon-
strated that TBI is the most important factor predisposing to the
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development of late sequelae39-42 that may have a particularly
deleterious impact on the quality of life of surviving pediatric
patients. Thus, in view of our results showing the lack of benefit of
TBI as part of the preparative regimen and the high incidence of
radiation-induced sequelae, it is suggested that radiotherapy no
longer be included in future trials evaluating the role of autologous
HSCT in childhood AML. Promising results from the use of
high-dose melphalan as a preparative regimen have been recently
reported.12,43,44

Young age, male sex, use of TBI during the preparative
regimen, chronic graft-versus-host disease, and an intrinsic genetic
predisposition to cancer (eg, Fanconi anemia) have been reported
as risk factors for the development of secondary malignancies in
patients who undergo HSCT.45-48 In our cohort, only one child had a
secondary malignancy—myelodysplastic syndrome. Although the
median follow-up of this study is insufficient to completely exclude
the possible development of secondary cancers in the future, this

observation suggests that children who undergo autologous HSCT
are not particularly prone to this kind of complication. This finding
also represents a reassuring message for using some form of
conditioning therapy when performing autograft transplantation
combined with gene therapy. In summary, our large retrospective
study provides information on factors that influence the outcome
and the incidence of long-term complications in children with
AML in first CR who undergo autologous HSCT, and it can be of
help in designing further prospective studies on the role of this
therapy.
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Cliniques Universitaires St. Luc, Brussels, Belgium; Dr A. Schattenberg,
University Medical Center St. Radboud, Nijmegen, The Netherlands; Prof
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