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Summary: Allogeneic hematopoietic stem cell transplantation

(allo-HSCT) is an effective therapy for patients with relapsed

acute myeloid leukemia. In this retrospective, multicenter study,

we analyzed the outcome of 63 children (median age, 7 y; range,

0.2 to 17) who received unmanipulated allo-HSCT in second

complete remission. Either a matched family donor or an

unrelated donor was used in 29 (46%) and 34 (54%) patients,

respectively. The stem cell source was bone marrow in 53

children (84%), peripheral blood in 7 (11%), and cord blood in

3 patients (5%). Preparative regimen included total body

irradiation in 25 patients (40%). The 5-year estimates of overall

survival and leukemia-free survival were 53% [95% confidence

interval (CI) 39-66] and 49% (95% CI 35-63), respectively,

whereas the cumulative incidence of relapse and transplant-

related mortality (TRM) were 26% (95% CI 16-41) and 25%

(95% CI 15-40), respectively. In multivariate analysis, the use of

a matched family donor predicted a better probability of LFS

[relative risk (RR) 2.29, P=0.05]. Both chronic graft-versus-

host disease occurrence and age at diagnosis greater than 11

years were associated with an increased TRM (RR 8.08,

P=0.04 and RR 4.38, P=0.05, respectively). These results

indicate that allo-HSCT is a procedure able to rescue a

significant proportion of children with acute myeloid leukemia

in second complete remission, especially if an human leukocyte

antigen-compatible relative is employed as donor. Both leuke-

mia recurrence and TRM contributed to treatment failure.

Optimization of donor selection and of strategies for both

prophylaxis and treatment of graft-versus-host disease may

improve the results of unrelated donor allo-HSCT.
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Aggressive induction and postremission chemotherapy
have remarkably improved the prognosis of children

and adolescents with acute myeloid leukemia (AML).1–5

However, even with modern treatment strategies, 30% to
40% of children who achieve a first complete remission
(CR1) experience leukemia recurrence.4,5 Relapse may
occur even in patients given either autologous or
allogeneic hematopoietic stem cell transplantation (auto-
HSCT and allo-HSCT) as consolidation therapy; the
majority of relapses are observed within the first year
after therapy discontinuation.6–8 With the use of salvage
chemotherapy, a second CR (CR2) can be obtained in
approximately 50% of children with AML who experi-
ence disease recurrence.9–11 However, the duration of
CR2 is typically shorter than that of CR1, and the
probability of a second relapse may exceed 75%.12,13

Both allo-HSCT and auto-HSCT have been con-
sidered for consolidating patients with relapsed AML
who achieve CR2.14–19 However, as leukemia relapse
remains the major cause of treatment failure after auto-
HSCT,14,15 allo-HSCT may be preferable for these
patients. The possible advantages of allo-HSCT refer to
the replacement of patient marrow potentially harboring
leukemia cells with that of a healthy donor and,
especially, to the beneficial effect displayed by donor
lymphocytes on the eradication of malignant cells
escaping the conditioning regimen and known as graft
versus-leukemia effect.16–21

Although recently published studies have evaluated
the efficacy of HSCT to treat relapsed AML,14–19 the
impact of different variables, such as duration of first
remission, karyotype abnormalities or first-line therapy,
on the outcome of children undergoing HSCT in CR2 isCopyright r 2008 by Lippincott Williams & Wilkins
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still not completely defined, mainly because of the limited
number of patients analyzed and the relatively short
follow-up.

We carried out a retrospective, multicenter study
aimed at analyzing the impact of leukemia-related,
patient-related, and transplant-related factors on leuke-
mia-free survival (LFS), relapse incidence (RI), and
transplant-related mortality (TRM) in children with
AML who underwent allo-HSCT in CR2.

PATIENTS AND METHODS

Patients
Between January 1989 and December 2004, 63

patients younger than 18 years, with AML in CR2,
received allo-HSCT in 1 of 12 Italian pediatric transplant
centers (see Appendix). Data concerning patient and
disease characteristics, as well as transplantation out-
come, were collected by a standardized questionnaire of
AIEOP (Associazione Italiana di Ematologia e Oncologia
Pediatrica) Registry for each patient enrolled into this
study.

This study includes only patients with de novo
AML. Patients with Down syndrome were excluded from
the study. The clinical characteristics of the patients are
reported in Table 1.

Briefly, the median age at transplantation was 7
years (range, 0.2 to 17), and the median white blood cells
count at diagnosis was 15.1� 109/L (range, 0.2 to 222).

A successful cytogenetic analysis of the malignant
cells was available in 48 of 63 cases (76%). Abnormal
karyotypes were classified in the favorable-risk group if
t(8;21), t(15;17) or inv16 was detected. In patients lacking
these favorable anomalies, the presence of monosomy 7,
11q23 abnormalities other than t(9;11), monosomy 5,
del(5q), abnormal 3q, t(6;9) or a complex karyotype
defined the poor-risk group. Patients with other abnorm-
alities, and those having a normal karyotype or lacking
cytogenetic analysis, were classified in the intermediate-
risk group. According to this classification, 21 patients
(33%) had a good-risk karyotype, 35 patients (56%) had
intermediate-risk karyotype, and 7 patients (11%) had
poor-risk karyotype.

The stratification of children according to the
protocol they received as first-line therapy is detailed in
Table 1. Thirty-eight of the 63 patients (60%) who
relapsed had received chemotherapy alone, 16 (25%)
auto-HSCT performed in CR1, and 9 (14%) patients had
been transplanted from an human leukocyte antigen
(HLA)-compatible sibling [matched family donor
(MFD)] in CR1. The median interval between diagnosis
and first relapse was 15 months (range, 2 to 88). All
relapses occurred in the bone marrow (BM). After
relapse, patients received different reinduction treatments,
according to each single institution policy. Parents or
patient guardians signed the appropriate consent form for
the transplant procedure.

Allo-HSCT
Among the 63 patients, 4 (6%) were given the

allograft in CR2 before 1990, 25 (40%) in the time period
between 1990 and 1999 and the remaining 34 patients
(54%) after 2000.

TABLE 1. Patients Characteristics

No. patients 63 (100%)
Sex: male/female 36/27 (57%/43%)
Age at diagnosis (y) 7 (0.2-17)
FAB classification

M0 1 (2%)
M1 19 (30%)
M2 8 (13%)
M3/M3v 16 (25%)
M4 5 (8%)
M5 11 (17%)
M6 2 (3%)
M7 1 (2%)

White blood cells at diagnosis (� 109/L) 15.1 (0.2-222)
Cytogenetic abnormalities

t(15;17) 16 (25%)
inv(16) 1 (2%)
t(8;21) 4 (6%)
t(9;11) 2 (3%)
Other abnormalities 5 (8%)
Normal karyotype 20 (32%)
Unknown/failed 15 (24%)

First-line chemotherapy protocol
AIEOP LAM 2002 3 (5%)
AIEOP LAM 92 22 (35%)
AIEOP LAM 87 6 (10%)
AIEOP LAM 82 4 (6%)
AIEOP-GIMEMA 0493 AIDA 13 (21%)
BFM LAM 93 4 (6%)
BFM LAM 87 4 (6%)
Others 7 (11%)

Diagnosis—first CR (d) 33 (20-144)
Diagnosis—first relapse (mo) 15 (2-88)
Site of first relapse

BM 63 (100%)
First relapse after

Chemotherapy alone 38 (60%)
Chemotherapy+HSCT 25 (40%)

Type of first HSCT
Autologus 16 (25%)
MFD 9 (14%)

Donor
MFD 29 (46%)
MUD 34 (54%)

Conditioning regimen
TBI 25 (40%)
Chemotherapy alone 38 (60%)

Stem cell source
BM 53 (84%)
PB 7 (11%)
Cord blood 3 (5%)

GvHD prophylaxis MFD MUD

Cs-A or MTX 29 0
Cs-A+steroids 0 3
Cs-A+steroids+ALG 0 3
Cs-A+MTX 0 6
Cs-A+MTX+ALG 0 22

Data are expressed as median and range or as percentage, as appropriate.
ALG indicates antilymphocyte globulin; MTX, methotrexate.
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The conditioning regimen included total body
irradiation (TBI 12Gy over 6 fractions in 3 d) in 25
patients (40%), while 38 patients (60%) received che-
motherapy alone (Busulfan-based) as preparation to the
allograft. Together with TBI or Busulfan the majority of
patients received Cyclophosphamide 120 to 200mg/Kg. A
MFD was employed in 29 patients (46%), whereas the
remaining 34 patients (54%) were transplanted from a
matched unrelated donor (MUD). Nine patients who
underwent allo-HSCT in CR1 from MFD received from
the same donor the stem cell rescue. In all donor-recipient
pairs, histocompatibility was determined by serology for
HLA-A and HLA-B antigens and by DNA typing for
HLA-DRB1 locus. In all patients transplanted from a
MUD, HLA-DRB1 typing was performed by high-
resolution allelic technique. After 1998, all class I and
class II (HLA-A, HLA-B, HLA-C, DRb1, DQa1, and
DQb1) genetic alleles were typed by high resolution 4-
digit DNA technique.

The stem cell source was BM for 53 patients (84%),
peripheral blood after mobilization with granulocyte-
colony stimulating factor for 7 patients (11%), and cord
blood stem cells for 3 patients (5%).

In patients given allo-HSCT from a MFD, graft-
versus-host disease (GvHD) prophylaxis consisted of
either cyclosporine-A (Cs-A, 1-2mg/kg starting on day
� 1) or methotrexate (MTX, 15mg/m2 on day +1,
10mg/m2 on day +3, +6, and +11 and thereafter every
week until day 100), as a single drug for all patients. All
patients transplanted from a MUD with either BM or
peripheral blood progenitors were given Cs-A and short-
course MTX as GvHD prophylaxis, whereas cord blood
transplantation recipients received Cs-A along with
steroids (ie, 6-methyl-prednisolone 1.5 to 2.0mg/kg/d).
Rabbit antithymocyte globulin (3.75mg/kg/d from day
� 4 to day � 2) was employed in most patients
transplanted from an UD (25 children, 75% of the whole
number of patients given the allograft from a noncon-
sanguineous donor).

Supportive therapy, as well as prophylaxis and
treatment of infections, was substantially homogenous
among centers. Briefly, transplants were performed in
rooms with positive pressure filtered flow. Antifungals:
oral Nystatin was used until the advent of Fluconazole.
Secondary prophylaxis with Amphotericin or Voricona-
zole was given if the patient was transplanted with a
known history of fungal infection. Antiviruses: all
patients received Acyclovir, cytomegalovirus (CMV)
antigenemia was monitored biweekly and, if CMV
positive cells were found a specific antiviral preemptive
therapy was started. First-line CMV preemptive therapy
consisted of Gancyclovir 10mg/kg. No routinarely
antibacterial therapy was administrated. As Pneumocystis
carinii prophylaxis: children received oral cotrimoxazole,
starting from the day of engraftment, until 3 months after
discontinuation of immune suppressive therapy. Broad
spectrum antibiotics were given if a patient became
febrile. Granulocyte-colony stimulating factor was not
routinely used.

Definitions
Patients were considered in CR if they had normal

neutrophil and platelet counts, less than 5% blast cells in
a BM smear, in the absence of circulating blasts and if
there was no extramedullary leukemia cell infiltration.

Neutrophil and platelet engraftment were defined as
the first of 3 consecutive days with a neutrophil count
greater than 0.5� 109/L and an unsupported platelet
count greater than 50� 109/L, respectively.

Acute and chronic GvHD were classified according
to established criteria.22 Children with evidence of donor
engraftment who survived more than 14 days and more
than 90 days from transplantation were evaluated for the
occurrence of acute GvHD and chronic GvHD, respec-
tively.

Statistical Analysis
Patient-related, leukemia-related, and transplant-

related variables were expressed as medians and ranges,
or as percentages as appropriate. The following patient or
transplant characteristics were analyzed for their poten-
tial impact on outcome: sex; age at diagnosis and at
transplantation; white blood cells count at diagnosis;
French-American-British (FAB) subtype; cytogenetics
abnormalities; interval diagnosis-CR1, interval diagno-
sis-first relapse; type of first-line treatment (chemotherapy
alone vs. chemotherapy plus auto-HSCT vs. chemother-
apy plus allo-HSCT); type of donor (MFD vs. MUD);
stem cell source; use of TBI as part of the conditioning
regimen; year of transplantation (before 2000 vs. after
2000); type of GvHD prophylaxis [monotherapy (Cs-A or
MTX alone) vs. combination therapy (Cs-A+MTX or
steroids) vs. serotherapy (antithymocyte globulin
or monoclonal antibodies associated with Cs-A+MTX
or steroids)]; occurrence and severity of acute and chronic
GvHD.23

For statistical analysis, continuous variables were
categorized as follows: each variable was first divided into
4 categories at the 25th, 50th, and 75th percentiles. If the
relative event rates (ratio of the observed number of
events to the expected number of events in the category,
assuming no variation across categories) in 2 or more
adjacent categories (and the median time to events) did
not differ, those categories were grouped. If no clear
pattern was observed for the primary outcomes, the
median was taken as the cut point.

The patients were censored at the time of relapse,
death, or last follow-up. The probability of survival and
LFS were estimated by the Kaplan-Meier method,24 and
expressed as percentages and as a 95% confidence interval
(95% CI). Acute and chronic GvHD occurrence, as well
as TRM and RI were expressed as cumulative incidence
curves, to adjust the analysis for competing risks. The
significance of differences between curves was estimated
by the log-rank test. All variables with a P value <0.2 in
the univariate analysis were included in a multivariate
analysis performed using the Cox proportional hazard
regression model.25–28
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P values <0.05 were considered statistically sig-
nificant, P values from 0.05 to 0.2 were considered not
statistically significant but are shown in the tables in
detail, whereas P values Z0.2 were reported as NS.

Statistical analysis was performed using the SAS
System (SAS Inc, Cary, NC), and the NCSS computer
program (Hintze J, 2001, NCSS and PASS, Number
Cruncher Statistical System, Kaysville, UT).

RESULTS
The median follow-up was 3 years (range, 0.6 to 14)

for surviving patients, and 0.6 years for deceased patients
(range, 0.04 to 5.5).

Engraftment and GvHD
The median time to neutrophil engraftment was 15

days (range, 10 to 35), whereas the median time to platelet
recovery was 33 days (range, 15 to 135). No differences
between MFD and MUD allo-HSCT recipients were
found (data not shown). The cumulative incidence of
grade II to IV acute GvHD was 49% (95% CI, 38-63),
with onset at a median of 17 days from transplantation.
No statistically significant differences between MFD or
MUD allo-HSCT recipients were found (data not
shown). The cumulative incidence of chronic GvHD
was 29% (95% CI, 19-43) and involved 17 out of the 59
evaluable patients (ie, surviving in remission for at least
90 d after transplantation), with onset at a median of 4
months after HSCT (range, 3 to 16). Again, no
statistically significant differences between MFD or
MUD recipients were found (data not shown).

Chronic GvHD was diagnosed as limited in 13 cases
and extensive in 4 cases. In 13 of the 17 cases, it followed
a previous grade II to IV acute GVHD.

Overall Survival
The 5-year survival probability for the entire cohort

was 53% (95% CI 36-66) (Fig. 1).

LFS
The Kaplan-Meier estimate of LFS at 5 years was

49% (95% CI 35-63, Fig. 1). In univariate analysis, the
interval between diagnosis and first relapse was the only
factor predicting better LFS (35% vs. 62% for patients
with duration of CR1 less than or equal/more than 15mo,
P=0.02, see also Fig. 2). Patients given the allograft
from a MFD had a better outcome compared with those
transplanted from a MUD, although the difference is not
statistically significant (62% for MFD allo-HSCT reci-
pient as compared with 37% patients transplanted from a
MUD, P=0.12, Fig. 3). A better outcome in terms of
LFS was also for patients with AML M3 (66%, 95% CI
38-94) compared with M0-M1-M2 (51%, 95% CI), M4-
M5 (46%, 95% CI 19-72), and M6-M7 (0%) (P=0.04)
(Table 2). When we compared patients having allo-HSCT
from MFD and GvHD prophylaxis with only Cs-A or
MTX the LFS was 69% (95% CI 50-88) and 25% (95%
CI 0-67) (P=0.12). When all factors having a P value
<0.2 were evaluated in a multivariate analysis, only the
use of a MFD was significantly associated with better
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FIGURE 1. Kaplan-Meier analysis of overall survival and LFS,
TRM and RI were expressed as cumulative incidence curves, to
adjust the analysis for competing risks.
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TABLE 2. Univariate Analysis for LFS

No. Patients Events Kaplan-Meier Probability (%) (95% CI) P

Overall LFS 63 29 49 (35-63) —
LFS by sex
Male 36 14 53 (34-71) NS
Female 27 15 45 (24-66)

LFS by age at diagnosis
<3y 16 7 48 (20-76) 0.10
3-7 y 15 5 56 (24-88)
7-11 y 17 6 62 (36-89)
Z11 y* 15 11 31 (7-55)

LFS by age at HSCT
<5y 13 6 49 (20-79) NS
5-9 y 17 6 55 (27-83)
9-14 y 17 8 43 (15-72)
Z14 y 16 9 49 (24-74)

LFS by white blood cells at diagnosis
<5� 109/L 17 7 44 (14-75) NS
5-20� 109/L 16 9 36 (8-65)
20-80� 109/L 15 7 43 (9-77)
Z 80� 109/L 15 6 46 (13-78)

LFS by FAB classification
M0, M1, M2 28 13 51 (31-71) 0.04
M3 16 4 66 (38-94)
M4, M5 16 8 46 (19-72)
M6, M7 3 3 0

LFS by interval diagnosis first CR (d)
<25 d 13 9 30 (2-58) NS.
25-33 d 18 7 64 (39-90)
33-50 d 17 6 56 (26-86)
Z50 d 15 7 33 (3-62)

LFS by interval diagnosis—first relapse (mo)
<10 mo 14 8 41 (12-70) 0.11
10-15 mo 16 11 32 (6-57)
15-30 mo 18 7 46 (12-80)
Z30 mo 15 3 73 (47-99)
<15 mo 30 19 35 (16-55) 0.02
Z 15 mo 33 10 62 (41-82)

LFS by first-line treatment
Chemotherapy 38 14 55 (37-73) NS
Chemotherapy+ABMT 16 10 37 (10-62)
Allogeneic HSCT from MFD 9 5 52 (17-86)

LFS by donor type
MFD 29 11 62 (43-81) 0.12
MUD 34 18 37 (17-57)

LFS by stem cell source
BM 53 25 47 (33-62) NS
PB 3 1 0 —
Cord blood 7 3 71 (38-100)

LFS by use of TBI
No 38 16 56 (38-74) NS
Yes 25 13 42 (21-63)

LFS by year of transplantation
<2000 29 18 45 (27-63) NS
Z2000 34 11 55 (34-76)

LFS by GvHD prophylaxisw
Monotherapy 29 11 62 (43-81) NS
Combination therapy 9 5 23 (0-61)
Serotherapy 25 13 41 (18-64)

Donor=MFD
Monotherapy 29 11 62 (43-81) —
Combination therapy 0 0 — —
Serotherapy 0 0 — —

Donor=MUD
Monotherapy 0 0 — —
Combination therapy 9 5 23 (0-61) NS
Serotherapy 25 13 41 (18-64)

LFS by acute GvHD
Absent 21 11 48 (24-73) NS
Grade I 11 4 59 (27-90)
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LFS [relative risk (RR) 2.29, 95% CI 1.01-5.74, P=0.05]
(Table 3).

Relapse
Sixteen of the 63 patients experienced disease

recurrence. The overall cumulative RI was 26% (95%
CI 16-41) (Fig 1). Univariate analysis showed that both
FAB subtype (M0-M1-M2, vs. M3, vs. M4-M5 vs. M6-
M7 P=0.02) and interval between diagnosis and first
relapse (<15mo vs. Z15mo, P=0.009) identify pa-
tients at higher risk of disease recurrence. Neither acute
nor chronic GvHD influenced the RI. When we compared
the RI in patients with allo-HSCT with MFD and GvHD

prophylaxis with only Cs-A or MTX the RI was 17%
(95% CI 7-42) and 0% (P=NS). In multivariate
analysis, only a longer interval between diagnosis and
first relapse was associated with a trend toward a lower
risk of relapse after the allograft performed in CR2 (RR
0.3, 95% CI 0.07-1.22, P=0.09) (Table 3).

TRM
Thirteen patients died while still in remission for

transplant-related causes. The overall cumulative inci-
dence of TRM was 25% (95% CI, 15-40) (Fig. 1). Only
the development of chronic GvHD was significantly
associated with a higher risk for TRM in univariate

TABLE 2. (continued)

No. Patients Events Kaplan-Meier Probability (%) (95% CI) P

Grade II 24 10 53 (31-74)
Grade III 4 3 25 (0-63)
Grade IV 3 1 67 (13-100)

LFS by chronic GvHDz
Absent 42 15 62 (45-79) NS
Limited 13 7 42 (14-70)
Extensive 4 3 25 (0-67)

*Age at diagnosis Z11 y vs. age at diagnosis <11 y: P=0.04.
wGvHD prophylaxis: monotherapy=cyclosporine-A or MTX alone; combination therapy=cyclosporine-A+ MTX or steroids; cerotherapy= inclusion of

antilymphocyte globulin or monoclonal antibodies in the GvHD prophylaxis schedule.
zChronic GvHD analysis was performed only for the 59 children surviving in remission for at least 90 d after HSCT.

TABLE 3. Results of the Multivariate Analysis for LFS, Relapse, and TRM

RR (95% CI) P

LFS
Age at diagnosis

3-7 y vs. <3 y 0.41 (0.11-1.56) 0.19
7-11 y vs. <3 y 0.36 (0.10-1.32) 0.12
Z11 y vs. <3 y 1.56 (0.52-4.68) NS

FAB subtype
M3 vs. M0, M1, M2, M4, M5, M6, or M7 1.27 (0.50-3.24) NS

Interval diagnosis—first relapse (mo)
Z15mo vs. <15mo 0.80 (0.29-2.21) NS

Donor
MUD vs. MFD 2.29 (1.01-5.74) 0.05

Relapse
FAB subtype

M3 vs. M0, M1, M2, M4, M5, M6, M7 1.95 (0.59-6.40) NS
Interval diagnosis—first relapse (mo)

Z 15mo vs. <15mo 0.30 (0.07-1.22) 0.09
Donor

MUD vs. MFD 1.77 (0.53-5.88) NS
TRM
Age at diagnosis

Z 11 y vs. <11 y 4.38 (1.01-18.98) 0.05
Type of first-line treatment

Chemotherapy+ABMT vs. chemotherapy alone 2.26 (0.40-12.89) NS
Chemotherapy+MFD HSCT vs. chemotherapy alone 4.51 (0.92-22.10) 0.06

Chronic GvHD*
Limited vs. absent 4.73 (1.02-22.06) 0.05
Extensive vs. absent 8.08 (1.06-61.54) 0.04

Multivariate analysis was performed using the Cox proportional hazard regression model. All variables with a P value <0.2 in univariate analysis were included in the
model.

*Chronic GvHD analysis was performed only for the 59 children surviving in remission for at least 90 d.
ABMT indicates autologous BM transplantation.
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analysis (9% vs. 41% vs. 50% for patients who did not
develop chronic GvHD and for those who experienced
limited or extensive chronic GvHD, respectively,
P=0.03). Notably, TRM was 13% for patients who
had received chemotherapy alone as first-line treatment,
36% for children who had received previous auto-HSCT,
and 48% for those previously given allo-HSCT
(P=0.09). No significant associations with chronic
GvHD was found between patients having received an
allo-HSCT in CR1 compared with patients having only
chemotherapy or auto-HSCT. When we compared the
cumulative TRM incidence for patients underwent MFD
transplantation and Cs-A or MTX as only GvHD
prophylaxis, the former had 14% (95% CI 5-39)
compared with 75% (95% CI 43-100) (P=0.01). More-
over, when factors having P values <0.2 were analyzed
by the Cox proportional hazard regression model, the
strongest predictor of TRM was the degree of chronic
GvHD (RR 8.08, 95% CI 1.06-64.54, P=0.04), while
first-line therapy lost its predictive value for TRM.
Patient age at transplantation (Z11 y) became a variable
associated with a higher incidence of TRM in multivariate
analysis (RR 4.38, 95% CI 1.01-18.98, P=0.05)
(Table 3). The reason of death varied from respiratory
distress, bacterial and fungal infections, and hemorrhagic
complications.

DISCUSSION
Allo-HSCT has been demonstrated to be the most

effective therapy for patients with relapsed AML.9–13 In
this retrospective, multicenter study our first aim was to
describe the outcome of patients with AML in CR2 given
allogeneic transplantation and, secondly, to identify
factors influencing the probability of LFS, TRM, and RI.

We found that allo-HSCT is able to promote the
maintenance of a state of CR2 in around 50% of patients,
this confirms the data previously reported by the Seattle
group.18 TRM and disease recurrence contributed equally
to treatment failure, the majority of the events being
observed in the first 18 months after the allograft.

Patients who were offered allo-HSCT in CR2
represent a selected subgroup of children experiencing a
first relapse. Indeed, these patients, besides reaching a
new remission, maintained CR2 for a time long enough
to be transplanted. This consideration is supported by
the observation that patients with good-risk cytogenetic
characteristics represented one third of the overall
population. In particular, 25% of our patients had acute
promyelocytic leukemia with t(15;17). The outcome of
this subgroup was particularly encouraging, as only 4 of
the 16 patients with AML FAB M3 died either for
transplant-related causes (2 children) or for disease
recurrence (2 children). These data are in agreement with
the results recently reported by Testi and colleagues,29

who documented a high probability of being rescued by
an allograft for children with acute promyelocytic
leukemia experiencing disease recurrence after treatment
with chemotherapy and all-trans retinoic acid. By

contrast, our results are significantly better than those
published some years ago by Mandelli et al,30 who
reported a probability of LFS of only 22% in 33, mainly
adult patients with acute promyelocytic leukemia given
allo-HSCT in CR2.

The only factor found to influence the probability of
LFS in multivariate analysis was the type of donor
employed, children transplanted from a MFD doing
significantly better than those transplanted from an
unrelated volunteer. Several factors may have contributed
to this difference. Mainly because of HLA polymorphism
and the limits of conventional techniques for HLA-
typing, historically, increased difficulties for engraftment
and augmented incidence of both acute and chronic
GvHD, as well as of infectious complications, have been
reported in recipients of an UD allograft, this leading to
results, in terms of LFS, inferior to those reported using a
compatible sibling as donor.31–33 The lack of confidence
on the real HLA identity between donor and recipient has
induced to increase the intensity of GvHD prophylaxis,
for example, through the use of serotherapy. This, in turn,
may promote an increased risk of relapse, owing to
attenuation of the graft versus-leukemia effect. Indeed,
although the difference is not statistically significant, the
difference in the outcome of UD allo-HSCT, the majority
of whom received serotherapy before transplantation,
and MFD recipients was mainly due to a higher RI in
the former.

The type of consolidation therapy, namely chemo-
therapy alone, auto-HSCT, or allo-HSCT, received
during first-line treatment had little or no influence on
patient outcome despite lower TRM for patients who had
received chemotherapy only as a front-line therapy. This
advantage did not translate into a better LFS, as patients
given allo-HSCT from an HLA-identical sibling as
consolidation therapy of CR1 benefited from a low risk
of RI, possibly facilitated by the fact of having received
low intensity GvHD prophylaxis, namely MTX alone or
low-dose Cs-A for few weeks after the allograft.34

We found that a time interval between diagnosis
and first relapse equal or longer than 15 months in
univariate analysis predicted both a reduced RI and a
better LFS. This variable was associated with a favorable
trend toward reduced RI also in multivariate analysis.

The length of first remission has been demonstrated
to be a major prognostic factor for children with relapsed
AML.14,35 Our results suggest that the predictive value of
this well-identified prognosis factor on final outcome of
patients with relapsed AML may be partially blunted by
the effectiveness of allo-HSCT.

The karyotype of malignant cells has also been
shown to be one of the most relevant predictor of
treatment outcome in childhood AML.36,37 Interestingly,
our children with a poor karyotype had similar 5-year
LFS when compared with other patients, while the
incidence of leukemia recurrence was higher. However,
also the difference in terms of RI was not statistically
significant, probably because of the limited number of
patients belonging to the poor-risk group.
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The only 2 factors unfavorably influencing TRM in
multivariate analysis were patient age at diagnosis 11
years and occurrence of chronic GvHD. The observation
of a strong correlation between occurrence of chronic
GvHD and TRM, with no evidence of a lower risk of
relapse for patients experiencing this complication,
contrasts with previously published studies, where a
protective effect of chronic GvHD against relapse has
been reported.16,36,37 However, these analyses mainly
referred to adults, while a study specifically focusing on
children did not confirm such a protective effect in
patients with AML.38 There is no obvious explanation for
the increased risk of TRM in patients older than 11 years
at diagnosis. Despite the low number in each group,
another intriguing observation obtained from our analy-
sis regards the MFD group and their GvHD prophylaxis.
In comparison with a previous study,39 we had no proof
that the MTX-based prophylaxis correlates to a lower RI
(0% vs. 17%, P=NS), but, by contrast, the cumulative
TRM was significantly higher (75% vs. 14%, P=0.01).

In conclusion, our study supports the use of
allogeneic HSCT for children with AML in CR2,
especially if an HLA-compatible relative is available
and occurrence of chronic GvHD is successfully pre-
vented. As both leukemia recurrence and TRM con-
tributed to treatment failure, optimization of strategies
for both prophylaxis and treatment of GVHD, as well
as donor selection, may well improve the results of UD
allo-HSCT.
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APPENDIX
The following Centers reported patients to the

AIEOP registry:
Oncoematologia Pediatrica, Università di Pavia,

Fondazione IRCCS, Policlinico San Matteo, Pavia. Prof
F. Locatelli: 20 patients.

Dipartimento di Ematologia e Oncologia, IRCCS G
Gaslini, Genova. Dr G. Dini: 7 patients.

Clinica Pediatrica Ospedale S. Gerardo, Università
di Milano, Monza. Dr C. Uderzo: 7 patients.

Dipartimento di Pediatria, Università di Padova.
Prof C. Messina: 6 patients.

Centro Trapianti Midollo Osseo, Ospedale di
Pescara. Dr P. Di Bartolomeo: 5 patients.

Oncoematologia Pediatrica, Ospedale Infantile Re-
gina Margherita. Dr F. Fagioli: 5 patients.

Centro Trapianti di Midollo Osseo, Clinica Pedia-
trica I, Pisa. Dr C. Favre: 4 patients.

Clinica Pediatrica, Università di Bologna. Prof A.
Pession: 3 patients.

Dipartimento di Pediatria, Università di Brescia.
Dr F. Porta: 2 patients.

Dipartimento di Biotecnologie Cellulari ed Emato-
logia, Università di Roma La Sapienza. Prof R. Foà: 2
patients.

Dipartimento di Pediatria, Università di Trieste.
Dr M. Andolina 2 patients.
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