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A B S T R A C T

Very young children undergoing hematopoietic cell transplantation (HCT) are a unique and vulnerable pop-
ulation. We analyzed outcomes of 717 patients from 117 centers who survived relapse free for ≥1 year after
allogeneic myeloablative HCT for hematologic malignancy at <3 years of age, between 1987 and 2012. The
median follow-up was 8.3 years (range, 1.0 to 26.4 years); median age at follow-up was 9 years (range, 2 to
29 years). Ten-year overall and relapse-free survival were 87% (95% confidence interval [CI], 85% to 90%) and
84% (95% CI, 81% to 87%). Ten-year cumulative incidence of relapse was 11% (95% CI, 9% to 13%). Of 84 deaths,
relapse was the leading cause (43%). Chronic graft-versus-host-disease 1 year after HCT was associated with
increased risk of mortality (hazard ratio [HR], 2.1; 95% CI, 1.3 to 3.3; P = .0018). Thirty percent of patients ex-
perienced ≥1 organ toxicity/late effect >1 year after HCT. The most frequent late effects included growth hormone
deficiency/growth disturbance (10-year cumulative incidence, 23%; 95% CI, 19% to 28%), cataracts (18%; 95%
CI, 15% to 22%), hypothyroidism (13%; 95% CI, 10% to 16%), gonadal dysfunction/infertility requiring hormone
replacement (3%; 95% CI, 2% to 5%), and stroke/seizure (3%; 95% CI, 2% to 5%). Subsequent malignancy was
reported in 3.6%. In multivariable analysis, total body irradiation (TBI) was predictive of increased risk of
cataracts (HR, 17.2; 95% CI, 7.4 to 39.8; P < .001), growth deficiency (HR, 3.5; 95% CI, 2.2 to 5.5; P < .001), and
hypothyroidism (HR, 5.3; 95% CI, 3.0 to 9.4; P < .001). In summary, those who survived relapse free ≥1 year
after HCT for hematologic malignancy at <3 years of age had favorable overall survival. Chronic graft-versus-
host-disease and TBI were associated with adverse outcomes. Future efforts should focus on reducing the risk
of relapse and late effects after HCT at early age.

© 2017 American Society for Blood and Marrow Transplantation.

INTRODUCTION
Hematopoietic cell transplantation (HCT) is an impor-

tant treatment modality in infants and young children with
very-high-risk and relapsed or refractory leukemias [1-3].
Infants and very young children may be at particular risk for
morbidities after HCT, including those from transplantation-
related exposures, such as total body irradiation (TBI) [4,5].
There are, however, few reports focusing on survival and mor-
bidities after HCT for hematologic malignancy in the first years
of life [4-8]. A comprehensive characterization of outcomes
following HCT for hematologic malignancy at a very young
age would help to inform the care of this potentially vulner-
able population.

In a retrospective, international, multicenter cohort of
patients reported to the Center for International Blood and
Marrow Transplant Research (CIBMTR) between 1987 and
2012, we sought to characterize the survival and late effects
of patients who underwent allogeneic myeloablative HCT for
hematologic malignancy before the age of 3 years and who
were alive and relapse free for at least 1 year after HCT. We
aimed to report overall and disease-free survival, causes of
death, risk factors for mortality, and the frequency and cu-
mulative incidence of organ toxicities and late effects.

MATERIALS AND METHODS
Data Collection

We obtained data from the CIBMTR, a voluntary working group of more
than 450 international transplantation centers. Centers contribute de-
tailed pre- and post-HCT data to the Statistical Center at the Medical College
of Wisconsin in Milwaukee, Wisconsin and the National Marrow Donor
Program in Minneapolis, Minnesota. Computerized checks for discrepan-
cies, physicians’ review of submitted data, and on-site audits of participating
centers ensure data quality. Observational studies conducted by the CIBMTR
are performed under guidance of the institutional review board of the Na-
tional Marrow Donor Program and are in compliance with all applicable
federal regulations pertaining to the protection of human research
participants.

The CIBMTR data repository includes information about patient
demographics, disease type, survival, relapse, graft type, the presence of
graft-versus-host disease (GVHD), and cause of death. A subset of CIBMTR
participants is selected for more comprehensive research level data collec-
tion by weighted randomization. Late effects data were collected from this
group of patients. Transplantation centers report the occurrence of clini-
cally significant organ impairment or disorders at 6 months and 1 year
following transplantation and annually thereafter, or until death. Centers
report the presence of the following specific organ toxicities and late effects:
avascular necrosis, cataracts, congestive heart failure, diabetes, gonadal

dysfunction/infertility requiring hormone replacement, growth hormone
deficiency/growth disturbance, hemorrhagic cystitis, hypothyroidism, myo-
cardial infarction, pancreatitis, thrombotic thrombocytopenic purpura/
hemolytic uremic syndrome, renal failure severe enough to warrant dialysis,
stroke/seizures, bronchiolitis obliterans, pulmonary hemorrhage, crypto-
genic organizing pneumonia, interstitial pneumonitis/idiopathic pneumonia
syndrome, noninfectious liver toxicity, and new malignancy. This report
focuses on organ impairment and disorders following 1 year after HCT.

Study Population
The study population consisted of patients who underwent allogeneic

myeloablative HCT for hematologic malignancy at less than 3 years of age
between January 1, 1987 and December 31, 2012 (Figure 1). Patients in-
cluded in this analysis survived, relapse free, at least 1 year after HCT.
Underlying diagnoses included acute lymphoblastic leukemia (ALL), acute
myeloid leukemia (AML), myelodysplastic syndrome, chronic myelomonocytic
leukemia, and juvenile myelomonocytic leukemia. Twin donor and multi-
ple donor cases were excluded. Stem cell sources included bone marrow,
peripheral blood, or umbilical cord blood; patients who received multiple
stem cell sources were excluded. Myeloablative conditioning regimens were
defined as previously described [9]. Patients for whom baseline or day 100
forms were unavailable were excluded. Also excluded were those for whom
the CIBMTR completion team index (demonstrating the ratio of observed
versus expected follow-up) was less than 80% at 5 years after HCT.

Statistical Analysis
Descriptive statistics for categorical variables are presented as

frequencies and percentages. Median and range were used to summarize
continuous variables. The primary endpoint was overall survival. Second-
ary endpoints included relapse-free survival (survival without relapse),
relapse, transplantation-related mortality, and occurrence of organ toxicities/
late effects. Overall and relapse-free survival were estimated using Kaplan-
Meier methodology. The cumulative incidence of relapse, transplantation-
related mortality, organ toxicities, and late-effects were estimated using the
cumulative incidence function to account for competing risks. Analyses of
organ toxicities and late effects were limited to those experienced at least
1 year after HCT. Summaries of aggregated organ toxicities/late effects include
items specified on CIBMTR reporting form fields, as noted above. Propor-
tional hazard models were developed to explore potential risk factors for
overall mortality (in the full cohort) and for the most frequently occurring
late effects (limited to those undergoing HCT after the year 1994) includ-
ing assessment by age at HCT, sex, underlying diagnosis, interval from
diagnosis to HCT, disease status at HCT, donor type, graft type, exposure to
TBI, exposure to corticosteroid for GVHD prophylaxis, history of chronic GVHD
at 1 year after HCT, and year of HCT. Analyses were performed using SAS,
version 9.3 (SAS Institute, Cary, NC) [10].

RESULTS
Patient and Transplantation Characteristics

Patient selection and exclusions are summarized in
Figure 1. Of 1737 patients potentially eligible based on age
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