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A B S T R A C T

Infant acute leukemia still has a poor prognosis, and allogeneic hematopoietic stem cell transplantation is in-
dicated in selected patients. Umbilical cord blood (UCB) is an attractive cell source for this population because
of the low risk of chronic graft-versus-host disease (GVHD), the strong graft-versus-leukemia effect, and prompt
donor availability. This retrospective, registry-based study reported UCB transplantation (UCBT) outcomes in
252 children with acute lymphoblastic leukemia (ALL; n = 157) or acute myelogenous leukemia (AML; n = 95)
diagnosed before 1 year of age who received a single-unit UCBT after myeloablative conditioning between 1996
and 2012 in European Society for Blood andMarrow Transplantation centers. Median age at UCBT was 1.1 years,
andmedian follow-up was 42months. Most patients (57%) received a graft with 1 HLA disparity and were trans-
planted in first complete remission (CR; 55%). Cumulative incidence function (CIF) of day 100 acute GVHD (grades
II to IV) was 40% ± 3% and of 4-year chronic GVHD was 13% ± 2%. CIF of 1-year transplant-related mortality was
23% ± 3% and of 4-year relapse was 27% ± 3%. Leukemia-free-survival (LFS) at 4 years was 50% ± 3%; it was 40%
and 66% for those transplanted for ALL and AML, respectively (P = .001). LFS was better for patients trans-
planted in first CR, regardless of diagnosis. In multivariate model, diagnosis of ALL (P = .001), advanced disease
status at UCBT (<.001), age at diagnosis younger than 3 months (P = .012), and date of transplant before 2004
were independently associated with worse LFS. UCBT is a suitable option for patients diagnosedwith infant acute
leukemia who achieve CR. In this cohort, patients with AML had better survival than those with ALL.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Acute leukemia diagnosed during the first year of life rep-

resents about 2.5% to 5% of acute lymphoblastic leukemia
(ALL) and 6% to 14% of acute myelogenous leukemia (AML)
in childhood [1]. At diagnosis, infant acute leukemia often
occurs with hyperleukocytosis, central nervous system
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involvement (both ALL and AML), frequent MLL rearrange-
ment (ALL), and extramedullary disease (AML) [2]. Although
the results obtained in the treatment of acute leukemia in
children over 1 year of age have improved over the last
decades, infant acute leukemia remains an aggressive disease
associated with poor outcome [3,4].

In view of the molecular/genetic characteristics of the leu-
kemia clone and of the response to front-line therapy, about
one-third of infants with ALL in first complete remission (CR1),
one-third to one-half of infants with AML in CR1, and virtu-
ally all infants with acute leukemia in CR2 have an indication
to receive allogeneic hematopoietic stem cell transplanta-
tion (HSCT) usually after amyeloablative conditioning regimen
[2,5]. However, the use of myeloablative conditioning in these
young and fragile, often previously heavily treated, patients
raises concerns, considering their high risk of toxicity, mor-
bidity, and mortality compared with older children [6].
Moreover, the role of HSCT for infant leukemia is still con-
troversial [7].

Umbilical cord blood transplantation (UCBT) represents
a suitable stem cell source for pediatric patients with hema-
tologic malignancies, with results of UCBT comparable with
those of HSCT using either bone marrow or peripheral blood
stem cells in both children and adults [8,9]. Although the role
of UCBT in children has been extensively discussed, only scarce
data report its use in patients diagnosed in the first year of
life (ie, infants) [1]. Thus, we analyzed results of UCBT in pa-
tients reported by participating transplant centers to Eurocord
and the European Society for Blood and Marrow Transplan-
tation (EBMT), with the objective of providing data on
outcome of UCBT in children with infant ALL and AML.

METHODS
Study Design, Inclusion Criteria, and Data Collection

This is a retrospective registry-based study performed by Eurocord, in
collaboration with the Pediatric Disease Working Party of EBMT. Patients
with acute leukemia diagnosed within the first year of life who received un-
related single-unit UCBT (first transplant) after myeloablative conditioning
in EBMT centers from 1996 through 2012 were considered for the study. A
total of 252 patients meeting the above criteria were included in the analysis.

Demographic and clinical data were extracted from the Eurocord da-
tabase and validated. Participating transplant centers were asked to provide
missing information and correct discrepancies using a customized
questionnaire.

Parents or legal guardians provided informed consent allowing data entry
into the Eurocord and EBMT databases for research purposes. The study was
conducted in compliancewith the Declaration of Helsinki. The Internal Review
Board of Eurocord reviewed and approved the study.

Endpoints, Definitions, and Statistical Analysis
The primary endpoint was leukemia-free survival (LFS), defined as being

alive and in continuous CR at last follow up.
Secondary endpoints were overall survival (OS), time of neutrophil and

platelet recovery, incidence of relapse, transplant-related mortality (TRM),
and acute and chronic GVHD. Probabilities were calculated from date of trans-
plantation until the event or censoring. Neutrophil engraftment was defined
as achieving absolute neutrophil count ≥ .5 × 109/L for 3 consecutive days
with no evidence of autologous recovery (<5% leucocytes of donor origin
in peripheral blood or marrow). Full donor chimerism was defined as pres-
ence of ≥95% leucocytes of donor origin in peripheral blood or bone marrow.

Platelet engraftment was defined as achieving platelet count ≥ 20 × 109/L
unsupported by platelet transfusions for 7 days. Acute and chronic GVHD
were graded according to previously published criteria [10,11]. Probabili-
ties of LFS and OS were calculated using the Kaplan-Meier estimates.
Cumulative incidence functions (CIFs) were used to estimate incidence of
relapse and TRM in a competing risks setting as death and relapse compete
with each other. To estimate acute and chronic GVHD incidences, relapse
and death were considered as competing events.

A comparison with 2-sided P < .05 was considered statistically signifi-
cant. Variables reaching P < .10 in univariate analysis were included in Cox
proportional hazard regression models using a backward stepwise selec-

tion. Analyses were performed with SPSS version 19 (Inc., Chicago, IL) and
Splus software package (MathSoft, Inc., Seattle, WA).

Criteria for poor-risk cytogenetics for ALL were the presence of 1 or more
of the following abnormalities: t(4;11), t(1;19), hypodiploidy (<44 chromo-
somes), and/or any 11q23 abnormality. For AML, poor-risk groupwas defined
according to previously published reports [12,13]. Myeloablative condition-
ing was defined as a regimen containing either total body irradiation with
a dose greater than 6 Gy, a dose of oral busulfan higher than 8mg/kg, a dose
of i.v. busulfan > 6.4 mg/kg, or a myeloablative dose of treosulfan (ie, ≥36 g/
m2 over 3 days). Donor–recipient HLA degree of matching was assessed at
the antigen level for HLA-A and -B and at the allele level for HLA-DRB1.

RESULTS
Patient, Disease, and Transplant Characteristics

Patient, disease, and transplant characteristics are sum-
marized in Table 1. Briefly, among the 252 patients included
in the study, 95 (38%) were transplanted for AML and 157
(62%) for ALL. Median age at diagnosis and at UCBT was 5.6
months (range, 1 day to 12 months) and 1.1 years (range, .3
to 11 years), respectively. Overall, 138 patients (55%) were
transplanted in CR1, 76 (30%) in CR2, and the remaining in

Table 1
Patient, Disease, and Transplant Characteristics (n = 252)

Variable Value

Patient and disease
Gender (male) 118 (47)
Disease
ALL 157 (62)
AML 95 (38)

ALL disease status (assessable n = 154)
CR1 84 (54)
CR2 50 (33)
>2nd CR 9 (6)
Advanced disease 11 (7)

AML disease status (assessable n = 93)
CR1 54 (58)
CR2 26 (28)
>2nd CR 2 (2)
Advanced disease 11 (12)

Cytogenetic risk (assessable n = 205)
Good risk 2 (.8)
Intermediate risk 79 (38)
Poor risk 124 (60)

MLL rearrangement (available for n = 157) 118 (75)
Age at initial diagnosis, mo, median (range) 5.6 (.03-12.0)
Age at diagnosis < 3 months of age, whole cohort 64 (25)
ALL patients 44 (28)
AML patients 20 (21)

Time from diagnosis to transplantation
Patients in CR1, mo, median (range) 6.1 (2.8-20.7)
Patients in CR2, mo, median (range) 16.7 (5.7-111.6)
Patients beyond CR2, mo, median (range)

Age at transplantation, yr, median (range) 1.1 (.3-11.0)
Weight at transplantation, kg, median (range) 9.5 (4.0-34.0)
Positive CMV serology 109 (48)
Previous autologous transplant 5 (2)

Transplantation characteristics
Year of transplantation (assessable n = 252)
<2004 56 (22)
≥2004 196 (78)

HLA compatibility (assessable n = 188)
Identical 41 (22)
1 HLA disparity 107 (57)
≥2 HLA disparities 40 (21)

Gender mismatch patient–graft (assessable
n = 245)

115 (47)

TNC at cryopreservation, ×107/kg, median (range) 12.4 (3.0-44.3)
CD34+ cells at infusion, ×105/kg, median (range) 3.9 (.2-323.6)

Values are total number of cases with percents in parentheses, unless oth-
erwise noted.
CMV indicates cytomegalovirus; TNC, total nucleated cell dose collected.
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more advanced disease status, including 16 not in CR at time
of UCBT.

Details on disease status for patients with AML and ALL
are provided in Table 1. The median time from diagnosis to
UCBT for patients in CR1 was 6 months (range, 3 to 21). For
205 patients (81%), information on cytogenetic analysis at di-
agnosis was available; of these 60% had high-risk disease.
Information on MLL gene rearrangement at diagnosis was
available for 157 patients (102/157 ALL patients and 55/95
AML patients); of these, 75% were positive for MLL gene re-
arrangement. Most patients received a UCB unit with 1 HLA
mismatch (57%), and donor was gender mismatched with the
recipient in 47% of cases. The most commonly used condi-
tioning regimen was busulfan plus cyclophosphamide alone
(27%) or in combination with melphalan (18%). Thirty-one
patients (12% of the whole population, of which 29 had ALL
and 2 AML) received a total body irradiation–based condi-
tioning, and the median age at UCBT for patients receiving
total body irradiation was 2.3 years (range, .8 to 11) (Table 2).

Cyclosporine A plus corticosteroids was the most fre-
quently used GVHD prophylaxis (57% of patients), and 82%
of patients received antithymocyte globulin. Median total
nucleated cell dose and CD34+ cell dose at cryopreservation
were 12.4 × 107/kg (range, 3.0 to 44.3 × 107/kg) and 3.9 × 105/
kg (range, .19 to 23.6 × 105/kg), respectively.

Engraftment and GVHD
Two hundred twenty-three patients achieved neutro-

phil recovery, within a median time of 21 days (range, 7 to
55). The CIF of neutrophil engraftment at day 60was 88% ± 2%.
Among patients who achieved neutrophil engraftment, 88%
had full donor chimerism at day +100.

Of the 29 patients who failed to engraft, only 5 were alive
at last follow-up. Of those, 4 had received a second trans-
plant (1 bone marrow, 1 UCB, and 2 nonspecified). The
remaining 24 patients died at a median of 37 days after UCBT
(range, 6 to 550), including 5 patients who received a second

transplant after graft failure (3 autologous rescues, 1 UCBT,
and 1 matched unrelated donor HSCT).

In univariate analysis (Table 3), CIF of day 60 neutrophil en-
graftment was higher for patients transplanted in CR1
(93% ± 2%) compared with those in other disease status
(82% ± 4%) at time of transplantation (P = .002). In addition, a
total nucleated cell dose at cryopreservation higher than the
median value was associated with a better CIF of neutrophil
engraftment (91% ± 3% versus 87% ± 3%; P = .003). In multi-
variate analysis (Table 4), disease status at UCBT (CR1) (hazard
ratio [HR], 1.46; 95% confidence interval [CI], 1.10 to 1.93;
P = .009) and higher total nucleated cell dose (as a continu-
ous variable) (HR, 1.02; 95% CI, 1.01 to 1.04; P = .008) were
independently associatedwith higher incidence of engraftment.

One hundred patients experienced grades II to IV acute
GVHD (62 grade II, 23 grade III, and 15 grade IV) with a
median time at onset of 16 days (range, 5 to 100) after UCBT.
Thirty-two patients experienced chronic GVHD, 14 with ex-
tensive involvement. Among the 32 patients who experienced
chronic GVHD, 23 had previously had acute GVHD, whereas
9 experienced de novo chronic GVHD. The CIF of day 100 acute
GVHD and 4-year chronic GVHD was 40% ± 3% and 13% ± 2%,
respectively. None of the factors studied was associated with
the incidence of developing acute or chronic GVHD in themul-
tivariate analysis.

Relapse and TRM
Sixty-seven patients experienced disease recurrence.

Overall, CIF of relapse at 4 years was 27% ± 3%; it was 20% ± 4%
and 31% ± 4% for patients with AML and ALL, respectively
(P = .12). Median time to relapse after UCBT was 4.4 months
(range, .3 to 64.8); it was 5.4 months (range, .89 to 64.8) and
2.5 months (range, .33-17.4) for ALL and AML patients, re-
spectively (P = .005). According to disease status, CIF of relapse
at 4 years was 19% ± 4% for patients transplanted in CR1 and
37% ± 5% for those in other disease status (30% for patients
in ≥CR2 and 64% for patients with advanced disease) (P = .001).

In univariate analysis (Table 3), age at diagnosis ≥ 3months
was associated with lower incidence of relapse (24% ± 4%
versus 37% ± 6%; P = .03). In multivariate analysis (Table 4),
CR1 at time of UCBT (HR, .36; 95% CI, .63 to 3.45; P < .001)
and age at diagnosis ≥ 3 months (HR, .50; 95% CI, .28 to .88;
P = .016) were confirmed to be independent factors associ-
ated with lower incidence of relapse.

The overall CIF of TRM at 1 year was 23% ± 3% for thewhole
cohort; it was 29% ± 4% and 13% ± 4% for patients with ALL
and AML, respectively (P = .004). The CIF of TRM was higher
for patients transplanted before 2004 (41% versus 18%;
P < .001). In multivariate analysis (Table 4), diagnosis of AML
(versus ALL) was associated with a lower risk of TRM (HR, .47;
95% CI, .23 to .98; P = .002).

A total of 115 patients died: 51 of relapsed disease and 64
of TRM. Themost common cause of TRMwas infection (n = 31:
8 viral, 6 bacterial, 2 fungal, and 15 not specified), followed
by GVHD (n = 9). Among patients in whom the primary cause
of deathwas infection (n = 31), 9 had experienced acute GVHD
and 1 had de novo chronic GVHD. Other causes of TRM were
interstitial pneumonitis (n = 3), hemorrhage (n = 3), acute re-
spiratory distress syndrome (n = 3), multiorgan failure (n = 3),
cardiac toxicity (n = 2), veno-occlusive disease (n = 1), rejec-
tion (n = 1), and other causes (n = 8).

LFS and OS
Median follow-up duration was 56 months (range, 4 to

203). The probability of 4-year LFS was 49% ± 3%; it was

Table 2
Conditioning Regimen and GVHD Prophylaxis

Variable n (%)

Conditioning regimen (assessable n = 245)
Bu + Cy 67 (27)
Bu + Cy +melphalan 45 (18)
Bu + Cy + VP16 22 (9)
Bu + fluda + thio 27 (11)
Bu ± other 21 (9)
Treo ± other 15 (6)
Bu + Cy + thio 14 (6)
Cy + TBI 11 (5)
Cy + thio + TBI 10 (4)
Other 13 (5)

TBI containing regimen (assessable n = 252)
No 218 (88)
Yes 31 (12)

GVHD prophylaxis (assessable n = 236)
CsA + steroids ± other 135 (57)
CsA 40 (17)
CsA + other 49 (21)
Other 11 (5)
None 1 (<1)

ATG/MoAb use (assessable n = 234)
Yes 206 (88)
No 28 (12)

Bu indicates busulfan; Cy, cyclophosphamide; VP16, etoposide; fluda,
fludarabine; thio, thiotepa; treo; treosulfan; TBI, total body irradiation; CsA,
cyclosporine A; ATG, antithymocyte globulin; MoAb, monoclonal antibody.
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40% ± 5% and 66% ± 5% for patients with ALL and AML, re-
spectively (P < .001) (Figure 1).Patients transplanted after 2003
had a better LFS (54% ± 4% versus 34% ± 6%; P < .001) than pa-
tients transplanted in earlier years.

According to disease status, 4-year LFSwas 49% ± 6% for pa-
tients with ALL in CR1, 24% ± 6% for patients with ALL in CR2,
and 0% for patients withmore advanced disease (P < .001). For
patients with AML in CR1, 4-year LFS was 81% ± 5% com-
pared with 58% ± 10% for patients with AML in CR2 and
17% ± 11% for patients with more advanced disease (P < .001).

In multivariate analysis, acute leukemia type (ALL versus
AML), age at diagnosis, and disease status at UCBT were in-
dependent factors impacting LFS. Patients with diagnosis of
AML (HR, .53; 95% CI, .35 to .81; P = .003), patients older than
3 months at diagnosis (HR, .61; 95% CI, .41 to .90; P = .013)
(Figure 2),those who were transplanted in CR1 (HR, .43; 95%
CI, .30 to .63; P < .001), and those whowere transplanted after
2003 (HR, .61; 95% CI, .41 to .90; P < .014) had a better prob-
ability of LFS.

The probability of OS at 4 years was 53% ± 4% for the whole
cohort and 45% ± 4% for patients with ALL and 68% ± 5% for
patients with AML (P < .001). Among children with ALL, the
4-year OS for patients who receive total body irradiation
during the conditioning regimen was 51% ± 10% and 43% ± 5%
for those who did not receive it (P = .551). The factors sig-
nificantly associated with OS in both univariate and
multivariate analyses were the same as for LFS and are shown
in Tables 3 and 4, respectively.

DISCUSSION
Considerable progress has been made in the treatment of

pediatric malignant hematologic diseases with improvement

Table 3
Univariate Analysis of Main Transplant Outcomes

n Neutrophil
Engraftment

Acute GVHD TRM Relapse OS LFS

Percent P Percent P Percent P Percent P Percent ± SE P Percent P

All patients 252 88 ± 3 40 ± 3 23 ± 3 27 ± 4 53 ± 3 49 ± 3
Diagnosis
ALL 157 87 ± 3 .180 39 ± 4 .537 29 ± 4 .004 31 ± 4 .123 45 ± 4 <.001 40 ± 4 <.001
AML 95 92 ± 3 41 ± 5 13 ± 3 20 ± 4 68 ± 5 66 ± 5

Age at diagnosis
<3 mo 64 88 ± 4 .801 39 ± 6 .945 25 ± 3 .488 37 ± 6 .037 40 ± 6 .012 36 ± 6 .016
≥3 mo 188 89 ± 2 41 ± 4 22 ± 4 24 ± 3 58 ± 4 54 ± 4

Age at UCBT
≤1.14 yr 126 90 ± 3 .202 38 ± 4 .828 19 ± 4 .113 29 ± 4 .521 58 ± 5 .163 52 ± 5 .386
>1.14 yr 126 87 ± 3 42 ± 5 26 ± 4 25 ± 4 49 ± 5 47 ± 5

Patient gender
Male 118 86 ± 3 .293 39 ± 5 .810 25 ± 4 .603 21 ± 4 .033 58 ± 5 .225 54 ± 5 .173
Female 134 91 ± 3 40 ± 4 21 ± 4 32 ± 4 48 ± 5 45 ± 4

Year of UCBT
<2004 56 80 ± 5 .084 38.2 ± 7 .766 41 ± 7 <.001 27 ± 6 .747 41 ± 7 0.0.004 34 ± 4 <.001
≥2004 11796 91 ± 1 41 ± 4 18 ± 3 28 ± 3 57 ± 4 54 ± 4

Status of disease at UCBT
CR1 138 93 ± 2 .002 41 ± 4 .436 19 ± 3 .078 19 ± 4 <.001 69 ± 4 <.001 62 ± 4 <.001
Not CR1 109 82 ± 4 38 ± 5 27 ± 4 37 ± 5 35 ± 5 34 ± 5

Molecular markers
MLL− 39 NP NP NP NP 56 ± 8 .331 53 ± 5 .782
MLL+ 118 NP NP NP NP 60 ± 5 55 ± 8

Cytogenetics
Good risk/intermediate 81 NP NP NP NP 57 ± 6 .148 54 ± 6 .263
Poor risk 125 NP NP NP NP 57 ± 5 53 ± 5

Number of HLA disparities
0-1 HLA disparities 148 91 ± 2 .627 34 ± 9 .774 20 ± 3 .027 30 ± 4 .110 58 ± 4 .445 50 ± 4 .600
2 HLA disparities 40 88 ± 6 41 ± 3 38 ± 8 18 ± 4 49 ± 8 45 ± 8

Use of TBI
No 218 90 ± 2 .107 39 ± 3 .647 21 ± 3 .144 29 ± 3 .041 53 ± 4 .958 49 ± 4 .631
Yes 31 81 ± 8 45 ± 9 32 ± 9 14 ± 6 54 ± 9 54 ± 9

Use of ATG before day 0
No 28 87 ± 2 .043 36 ± 9 .936 29 ± 9 .438 29 ± 9 .962 49 ± 9 .595 42 ± 10 .523
Yes 206 100 40 ± 3 21 ± 3 27 ± 3 55 ± 4 52 ± 4

TNC × 107/kg
≤12.36 115 87 ± 3 .003 40 ± 5 .915 24 ± 4 .318 24 ± 4 .199 54 ± 5 .949 51 ± 5 .790
>12.36 115 91 ± 3 39 ± 5 20 ± 3 31 ± 4 53 ± 5 48 ± 5

Table 4
Multivariate Analysis

HR 95% CI P

LFS
Diagnosis of AML vs. ALL .50 .33-.76 .001
Age at diagnosis ≥ 3 mo .62 .41-.90 .012
CR1 at UCBT .42 .29-.61 <.001

OS
Diagnosis of AML vs. ALL .53 .35-.81 .003
Age at diagnosis ≥ 3 mo .60 .41-.89 .012
CR1 at UCBT .37 .25-.55 <.001

Engraftment
UCBT after 2007 1.32 .99-1.75 .060
CR1 at UCBT 1.39 1.04-1.85 .024
Higher TNC dose* 1.03 1.01-1.04 .005

TRM
Diagnosis of AML vs. ALL .46 .22-.95 .036
≥2 HLA disparities 1.87 .99-3.55 .054

Relapse
Diagnosis of AML vs. ALL .55 .29-1.03 .060
CR1 at UCBT .36 .63-3.45 <.001
Age at diagnosis ≥ 3 mo .50 .28-.88 .016

Acute and chronic GVHD†

* Higher than the median TNC dose.
† None of the factors included in the multivariate models was associ-

ated with the incidence of acute and/or chronic GVHD.
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in the long-term OS from 10% for children treated between
1968 and 1970 to approximately 90% for children with ALL
and around 70% for those with AML treated in the last decade
[3,5,14,15]. The reason for such improvement in survival is
most likely related to better risk stratification, improve-
ment in supportive care, and more rational delivery of
chemotherapy agents during the course of treatment.

However, when the onset of acute leukemia occurs within
the first year of life, the disease remains associated with poor
prognosis. Infant acute leukemia is usually very aggressive
because of its biologic and molecular characteristics. In a
recent Italian report, 94% of infant AML was classified as high
risk [3]. In addition to the intrinsically aggressive character-
istics of the disease, physicians have to deal with very fragile
organisms. Infants younger than 12 months exhibit imma-
ture liver function with some less mature drug metabolism
pathways. Therefore, the cumulative incidence of severe tox-
icities in infants is higher than in older children.

Up to the 1990s, pediatricians have used the same pro-
tocol designed for older children to treat infant ALL, but, in
view of the poor overall results obtained, specific protocols
to treat infants (eg, Interfant-99, MLL03, CCG 1953, POG 9407)
have been adopted. Overall, these protocols have been as-
sociatedwith a 5-year OS rate between 40% and 50% [4,16-18].
Depending on the protocol, indication to HSCT differs, and
the advantage derived from transplantation performed in CR1
still remains debatable. For the European and Japanese co-
operative groups, HSCT significantly increased OS and event-
free survival for high-risk patients transplanted in CR1 [16,19].
However, reports by other groups did not show advantages
of using HSCT [7].

Recently, the results of HSCT in patients in CR2 enrolled
in the Interfant-99 protocol showed that infants who re-
lapsed within 1 year after diagnosis had 3-year OS rates of
17.5% compared with 25.5% and 44.4% of those who re-
lapsed between 12 and 24 months and beyond 24 months
after diagnosis, respectively [19].

For AML, the indication for HSCT depends on both leu-
kemia subtypes and disease status. Criteria for choice might
vary according to protocol for patients in CR1, whereas HSCT
is consistently indicated for patients in CR2 [3,20-27].
However, most of the literature available discussing the in-
dication for HSCT in pediatric AML is not focused on patients
diagnosed as infants.

WhenHSCT is indicated, physicianshave to identify adonor
and select the stem cell source. UCB contains hematopoietic
stem cells capable of reconstituting the hematopoietic system
as well as innate immunity cells and naive T lymphocytes
capable to display a strong graft-versus-leukemia effect with
low incidence of GVHD [9]. Moreover, the low risk of chronic
GVHD after UCBT makes the use of this stem cell source in
children very attractive, because it allows GVHD-related dis-
abilities and long-term complications to be avoided [28].

The use of UCBT in children with acute leukemia has been
reported at length. Nevertheless, as discussed above, the
disease and outcomes are different for patients who have leu-
kemia diagnosed in the first year of life; therefore, our results
may add to the current knowledge about the role of UCBT
for this specific population. In a retrospective study using data
from the Center for International Blood and Marrow Trans-
plant Research and the NewYork Blood and Placental Program,
Eapen et al. [1] reported comparable survival after related and
unrelated HSCT, with different donor sources, including UCB,
for infants with acute leukemia. Our study differs from their
study because it reports UCBT risk factors and outcomes for
children of different ages (not only infants) but who were di-
agnosed in the first 12 months of live.

One may argue that the long period covered in this study
may limit our results, as the HSCT field is constantly evolv-
ing and treatment for leukemia has changed over time. Of
note, in our study OS and LFS were significantly lower for pa-
tients transplanted before 2004. Also, TRM was higher for

Figure 1. The estimated 4-year probability of LFS in infants with ALL and
AML. Solid line represents patients with ALL; dashed line represents pa-
tients with AML

Figure 2. The estimated 4-year probability of LFS in infants according to age
at diagnosis. Solid line represents patients < 3 months old at diagnosis of
acute leukemia; dashed line represents patients ≥ 3 months at diagnosis of
acute leukemia
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patients transplanted in the same period. Age younger than
3months at diagnosis was associated with higher risk of post-
transplantation recurrence translating into a poorer LFS. These
findings can be interpreted in view of the fact that it is well
known that infants below the age of 3 months have a more
aggressive leukemia (more MLL rearrangement, more fre-
quent central nervous system involvement, poor response to
chemotherapy) in comparison to older infants [4,19].

In our study more than half of the patients underwent
UCBT in CR1 and about a third in CR2. As expected, more than
80% of ALL patients exhibited somatic MLL rearrangement.

Importantly, in our series with a median follow-up of 56
months, the incidence of chronic GVHDwas low. This finding
is of particular interest in infants, because extensive chronic
GVHD may be associated with severe morbidity later in life.
Contrarily, the incidence of acute GVHD was high (40%; 62
grade II and 38 grades III to IV), but only 9 patients died due
to GVHD. This elevated incidence is consistent with a report
by Sanders et al. [29] on allogeneic HSCT in which 24 of 39
patients at risk developed grades II to IV acute GVHD.

TRMwas lower for patients with AML than for those with
ALL. This finding may be explained by the shorter treat-
ment length before transplantation for AML patients as
compared with those with ALL. Our results for infants with
AML are in accordance with results published by others [3,24].

Better strategies for obtaining disease control before trans-
plantation and to reduce transplant-related toxicity and death
are desirable to improve results in this peculiar population
of children. The use of immunotherapy [30] (either bispecific
antibodies or chimeric antigen receptor T cells in B cell pre-
cursor ALL or anti-CD33 monoclonal antibody in AML) in
association with conventional chemotherapy may repre-
sent a possibility for improvement [30-32]. Also, longer follow-
up is needed to assess the long-term side effects after HSCT
in these young patients. The Italian cooperative group re-
ported 14% of growth deficiency, 3% of cardiac dysfunction,
9% of hypothyroidism, and 6% of impaired cognitive func-
tion in patients treated for infant AML with a protocol
including HSCT as postremission treatment in a large pro-
portion of patients [3].

Taken together, our data demonstrate that UCBT is a suit-
able and effective option for patients with infant acute
leukemia in CR. Contrary to what is usually observed in older
children, in our study patients with AML had better prog-
nosis than those with ALL. Poor-prognosis patients should be
transplanted as soon as they achieve CR1, as suggested by the
OS rate greater than 80% reported for AML patients trans-
planted in CR1 in our study. Patients experiencing a first
relapse should be transplanted as soon as a CR2 is achieved
and negative or low levels of minimal residual disease before
the allograft is pursued to reduce the risk of post-
transplantation recurrence.
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