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A B S T R A C T
Infections and graft-versus-host disease (GVHD) have historically resulted in high mortality among children
undergoing umbilical cord blood transplantation (UCBT). However, recent advances in clinical practice have likely
improved outcomes of these patients. We conducted a retrospective cohort study of children (<18 years of age)
undergoing UCBT at Duke University between January 1, 1995 and December 31, 2014. We compared 2-year all-
cause and cause-specific mortality during 3 time periods based on year of transplantation (1995 to 2001, 2002 to
2007, and 2008 to 2014). We used multivariable Cox regression to identify demographic and UCBT characteristics
that were associated with all-cause mortality, transplantation-related mortality, and death from invasive aspergil-
losis after adjustment for time period. During the 20-year study period 824 children underwent UCBT. Two-year
all-cause mortality declined from 48% in 1995 to 2001 to 30% in 2008 to 2014 (P = .0002). White race and nonma-
lignant UCBT indications were associated with lower mortality. Black children tended to have a higher risk of
death for which GVHD (18% versus 11%; P = .06) or graft failure (9% versus 3%; P = .01) were contributory than
white children. Comparing 2008 to 2014 with 1995 to 2001, more than half (59%) of the reduced mortality was
attributable to a reduction in infectious mortality, with 45% specifically related to reduced mortality from invasive
aspergillosis. Antifungal prophylaxis with voriconazole was associated with lower mortality from invasive asper-
gillosis than low-dose amphotericin B lipid complex (hazard ratio, .09; 95% confidence interval, .01 to .76). With
the decline in mortality from invasive aspergillosis, adenovirus and cytomegalovirus have become the most
frequent infectious causes of death in children after UCBT. Advances in clinical practice over the past 20 years
improved survival of children after UCBT. Reduced mortality from infections, particularly invasive aspergillosis,
accounted for the largest improvement in survival and was associated with use of voriconazole for antifungal
prophylaxis.
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Allogeneic hematopoietic stem cell transplantation (HSCT)
is used to treat a growing number of malignant and nonmalig-
nant conditions in children. When available, bone marrow
from an HLA-matched sibling is the preferred donor source for
allogeneic stem cell transplantation. However, less than 40% of
children requiring a stem cell transplant have a matched
sibling donor [1]. Banked unrelated donor umbilical cord blood
(UCB) has been used for the past 25 years as an alternative
donor for patients lacking a matched sibling or matched unre-
lated adult donor [2]. Historically, infections, graft-versus-host
disease (GVHD), graft failure or delayed engraftment, and regi-
men-related toxicity resulted in high mortality after unrelated
donor UCB transplantation (UCBT) [3�5]. However, advances
in donor selection and clinical care over the past several deca-
des have likely improved outcomes of UCBT [6,7]. Other advan-
ces include the introduction of several new antifungal
medications, use of steroid-sparing GVHD prophylaxis, and
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access to defibrotide for the treatment of severe veno-
occlusive disease (VOD) [8].

In this study we examined mortality over time in the larg-
est single-center cohort of pediatric UCBT recipients reported
to date. As secondary objectives we evaluated for temporal
changes in cause-specific mortality and sought to identify
changes in clinical practice that influenced survival of children
after UCBT.

METHODS
Study Population

We performed a retrospective cohort study of children younger than
18 years of age undergoing their first UCBT through the Duke University Pedi-
atric Blood and Marrow Transplant program between January 1, 1995 and
December 31, 2014. The study protocol was approved by the Duke University
Institutional Review Board.

Transplantation Practices
Throughout the study period patients were cared for on a dedicated unit

containing positive-pressure, high-efficiency particulate air�filtered rooms.
Cyclosporine in combination with corticosteroids was the most frequent
GVHD prophylaxis regimen before 2006, whereas during more recent years
most children received cyclosporine plus mycophenolate mofetil. Low-dose
heparin (100 units/kg/day administered as a continuous i.v. infusion) was
used for VOD prophylaxis until 2013, after which prophylaxis with ursodiol
became standard practice. Defibrotide was available for the treatment
of severe VOD either through a clinical trial or a compassionate use program
beginning in 1998. Throughout the study period low-dose acyclovir
(250 mg/m2 per dose given i.v. every 12 hours) was administered to UCBT
recipients with serologic evidence of prior infection with herpes simplex
viruses. For Pneumocystis jirovecii prophylaxis, children received trimetho-
prim-sulfamethoxazole starting at the time of hospital admission and
continuing until 2 days before UCBT, followed by inhaled or i.v. pentamidine
starting 30 days after transplantation. Before September 2003 antifungal pro-
phylaxis was most frequently provided with low-dose amphotericin B lipid
complex (.2 mg/kg i.v. once daily). In September 2003 prophylaxis with vori-
conazole (4 mg/kg i.v. or p.o. twice daily) was implemented for most UBCT
recipients; no loading dose was provided, and plasma trough voriconazole
levels were not routinely monitored. Antifungal prophylaxis was started on
the day after the transplantation date and continued for 100 days after UCBT
or while the patient remained on immunosuppressive prophylaxis or therapy
for GVHD. Throughout the study period routine antibacterial prophylaxis was
not used.

Data Sources and Measures
Patient demographic data and transplant characteristics were obtained

from the Duke Enterprise Data Unified Content Explorer research portal and
a secure database maintained by the Duke University Pediatric Blood and
Marrow Transplant program [9]. Causes of death were identified through
review of the Pediatric Blood and Marrow Transplant database and the elec-
tronic medical record, including autopsy reports (when available), provider
notes, and the results of microbiologic testing. We considered transplant-
related mortality to be death from any cause other than progressive or recur-
rent malignancy (primary disease). To accurately determine the contribution
of infections to the mortality of children after UCBT, we chose to classify fatal
infections and GVHD as the cause of death when patients were receiving
corticosteroids or other treatment for GVHD in the 1 month preceding death
from an infection. Invasive fungal diseases were classified as possible, proba-
ble, or proven according to definitions developed by the European Organiza-
tion for Research and Treatment of Cancer/Invasive Fungal Infections
Cooperative Group and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group Consensus Group [10]. Only probable and
proven invasive fungal diseases were included in these analyses. For consis-
tency during the 20-year study period, allele-level typing for HLA-A, -B, and
-DRB1 was performed to determine the degree of matching regardless of
UCBT year.

Statistical Analysis
We categorized patients into 3 time periods based on year of UCBT (1995

to 2001, 2002 to 2007, 2008 to 2014). The probability of overall survival was
estimated within these groups using the Kaplan-Meier method. We used
chi-square or Fisher exact tests to evaluate for differences in patient and
transplant characteristics across these time periods. We used a log-rank test
to evaluate for a difference in overall survival by time period and a Gray's test
to assess for a change in transplant-related mortality. Time at risk for analyses
of overall survival was from the date of UCBT until death from any cause
or censoring (eg, survival 2 years after UCBT). In analyses for which trans-
plant-related mortality was the outcome of interest, patients with a
malignant UCBT indication who died of primary disease were additionally
censored.

We examined temporal trends in cause-specific mortality using Cochran-
Armitage tests. We used multivariable Cox regression to identify demo-
graphic and UCBT clinical practices that were associated with all-cause
mortality, transplant-related mortality, and death from invasive aspergillosis.
In constructing these models we first evaluated for associations between the
outcome and the following variables: age, sex, race, UCBT graft type (single
versus double), UCBT indication (malignancy versus nonmalignancy), condi-
tioning intensity (myeloablative versus reduced-intensity or nonmyeloabla-
tive), GVHD prophylaxis (regimen with corticosteroids versus regimen
without corticosteroids), and antifungal prophylaxis regimen (amphotericin
B lipid complex versus voriconazole).

We used multivariable Cox regression to evaluate demographic and
donor selection factors that were associated with all-cause mortality. This
analysis excluded transplants that included multiple UCB units or for which
sex, race, or HLA data were missing from either the recipient or the donor.
Final multivariable models included variables that were associated with the
outcome in univariable analyses (P < .20). Using the time-dependent covari-
ate approach we determined that the proportional odds assumption was vio-
lated for the models of all-cause and transplant-related mortality. To account
for this we included time period and an interaction term between time period
and days after UCBT in these models [11]. Analyses were performed using SAS
software version 9.4 (SAS Institute, Cary, NC) and R version 3.3.1 (R Founda-
tion for Statistical Computing, Vienna, Austria).

RESULTS
Patient Characteristics

During the 20-year study period 824 children (age <18
years) underwent their first UCBT. The most frequent malig-
nant indications for UCBT were acute lymphoblastic leukemia
(n = 182, 22%), acute myelogenous leukemia (n = 140, 17%), and
myelodysplastic syndrome (n = 39, 5%). The most common
nonmalignant indications were genetic or metabolic disorders
(n = 245, 30%), nonmalignant hematologic disorders (n = 64,
8%), and immunodeficiencies (n = 93, 11%). Table 1 presents
characteristics of the study population. We observed no signifi-
cant differences in age, sex, or race by time period. In contrast,
UCBT graft type (P < .0001), UCBT indication (P < .0001), con-
ditioning intensity (P < .0001), GVHD prophylaxis regimen
(P < .0001), and antifungal prophylaxis regimen (P < .0001)
differed by time period. The proportion of children undergoing
UCBT for malignancies declined during the study period. In the
most recent time period (2008 to 2014) the number of patients
receiving reduced-intensity conditioning regimens rose sub-
stantially.

Patient Outcomes
Three hundred sixty deaths (44%) occurred among the

study population during the 2 years after UCBT. Overall sur-
vival after UCBT improved during the study period (P = .0002;
Figure 1A). Two-year all-cause mortality was 48%, 39%, and
30% in 1995 to 2001, 2002 to 2007, and 2008 to 2014, respec-
tively. Two-year transplant-related mortality was 41%, 30%,
and 26% in 1995 to 2001, 2002 to 2007, and 2008 to 2014,
respectively (P = .001; Figure 1B). Mortality from infection
without GVHD (P = .02) and VOD (P = .01) declined during the
study period (Table 2). Comparing 2008 to 2014 with 1995 to
2001, more than half (59%) of the reduced mortality of UCBT
recipients was attributable to a reduction in infectious mortal-
ity. Graft failure contributed to 31 deaths (9%), and 43 children
(5%) received a second UCBT because of graft failure.

In multivariable analyses race and UCBT indication were
associated with 2-year all-cause mortality (Table 3). The hazard
of death was higher for children of black race (hazard ratio [HR],
1.61; 95% confidence interval [CI], 1.20 to 2.16) and other racial
minority groups (HR, 1.80; 95% CI, 1.35 to 2.40) than for white
race. Black children tended to have a higher risk of death for
which GVHD (18% versus 11%; P = .06) or graft failure (9% versus



Table 1
Characteristics of the Study Population

Time Period

1995-2001
(n = 298)

2002-2007
(n = 323)

2008-2014
(n = 203)

P

n % n % n %

Age .29
<1 yr 47 16 43 13 29 14
1-4 yr 100 34 138 43 72 35
5-11 yr 97 33 98 30 71 35
�12 yr 54 18 44 14 31 15

Sex .48
Female 121 41 116 36 79 39
Male 177 59 207 64 124 61

Race .13
White 219 73 230 71 134 66
Black 44 15 51 16 29 14
Other* 35 12 42 13 40 20

UCBT graft type <.0001
Single 289 100 324 97 156 77
Double 0 0 9 3 47 23

UCBT indicationy
<.0001

Genetic or inherited metabolic disorders 50 17 117 36 78 39
Immunodeficiency 35 12 28 9 30 15
Malignancy 187 63 158 49 76 38
Nonmalignant hematologic disorder 26 9 20 6 18 9

Conditioning intensityz <.0001
Myeloablative 293 99 311 96 173 85
Reduced-intensity 0 0 5 2 30 15
Nonmyeloablative 3 1 7 2 0 0

GVHD prophylaxis regimenx
<.0001

Cyclosporine and mycophenolate 0 0 113 35 137 67
Cyclosporine and corticosteroids 283 96 198 61 36 18
Other 12 4 12 4 30 15

Antifungal prophylaxis regimenk
<.0001

Amphotericin B lipid complex 275 98 117 37 0 0
Voriconazole 4 1 190 60 196 97
Other 3 1 11 3 6 3

* Subjects of other racial minorities were Hispanic (n = 54), Asian (n = 37), Middle Eastern (n = 25), and Native American (n = 1).
y One subject underwent UCBT for an autoimmune disorder and was excluded from these analyses.
z Conditioning intensity was missing for 2 subjects.
x GVHD prophylaxis regimen was missing for 3 subjects.
k Nineteen subjects had a preceding fungal infection and were excluded; 3 subjects were missing data

758 L.P. Spees et al. / Biol Blood Marrow Transplant 25 (2019) 756�763
3%; P = .01) were contributory compared with white children.
Children from other racial minority groups were more likely to
die of organ failure (9% versus 2%; P = .001) and VOD (6% versus
1%; P = .01) than white children. With regard to UCBT indication
the hazard of death was lower for nonmalignant conditions
(HR, .74; 95% CI, .57 to .97) than for malignancies. Supplemental
Table 1 presents predictors of transplant-related mortality in
the study population. UCBT indication was not associated with
transplant-related mortality.

White children were more likely to have a 5/6 or row-
sep=“1”6/6-matched donor than black children (56% versus
27%; P < .0001) or children from other racial minority groups
(56% versus 42%; P = .01). White children were also more likely
to receive a race-matched cord blood unit than black children
(85% versus 56%; P< .0001) or children from other racial minor-
ities (85% versus 32%; P< .0001). In univariable analyses 3/6 and
4/6 HLA matching (HR, 1.47; 95% CI, 1.17 to 1.86) and race mis-
matching (HR, 1.41; 95% CI, 1.11 to 1.81) were associated with
higher 2-year all-cause mortality, whereas a cryopreserved total
nucleated cell dose of�10.0£ 107/kg was associated with lower
mortality than a total nucleated cell dose of <5.0£ 107/kg (HR,
.69; 95% CI, .52 to .92). However, in multivariable analyses we
did not observe any associations between these donor selection
factors and 2-year all-cause mortality (Table 4).
Infectious Causes of Death
Table 5 shows infectious causes of death in the 2 years

after UCBT. Fungi and viruses were the most frequent causes
of infectious mortality. Most deaths from viral infections
were from adenovirus (n = 50), cytomegalovirus (CMV;
n = 27), and parainfluenza viruses (n = 14). Mortality from
viral infections did not change during the study period
(P = .70). In contrast, fungal mortality declined during the
study period (P = .0001). Figure 2 shows mortality from inva-
sive fungal infections by year of UCBT. Two-year mortality
from invasive aspergillosis declined from 8% in 1995 to 2001
to <1% in 2002 to 2007 and 2008 to 2014 (P < .0001).
Reduced mortality from invasive aspergillosis accounted for
45% of the reduction in mortality of children after UCBT
between 1995 to 2001 and 2008 to 2014. In contrast, the
2-year mortality from Candida spp. and non-Aspergillus molds
did not change over time (P = .86 and P = .56, respectively). In
multivariable analyses (Table 6) antifungal prophylaxis with
voriconazole was associated with lower mortality from inva-
sive aspergillosis than prophylaxis with low-dose amphoteri-
cin B lipid complex (HR, .09; 95% CI, .01 to .76). This
association between antifungal prophylaxis and death from
invasive aspergillosis was independent of UCBT indication
and GVHD prophylaxis regimen.



Figure 1. Probability of (A) overall survival and (B) transplant-related mortality after UCBT by year of transplantation. The shaded areas correspond to 95% CIs for the
overall survival and transplant-related mortality curves for a given time period. Overall survival (log-rank test; P = .0002) and transplant-related mortality (Gray's
test; P = .001) differed by time period. Specifically, overall survival was lower in 1995 to 2001 than in either 2002 to 2007 (P = .01) or 2008 to 2014 (P = .0001). Simi-
larly, transplant-related mortality was higher in 1995 to 2001 compared with 2002 to 2007 (P = .01) and 2008 to 2014 (P = .002). Comparing 2002 to 2007 and 2008
to 2014, there were no significant differences in overall survival (P = .06) and transplant-related mortality (P = .36).
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DISCUSSION
In this retrospective review of 824 children who underwent

UCBT at a single center, overall survival improved substantially
Table 2
Causes of Death among the Study Population

Time Period

1995-2001
(n = 298)

2002-2007
(n = 323)

2008-2014
(n = 203)

P

n % n % n %

GVHD 3 1 2 1 3 1 .67
Hemorrhage 10 3 8 2 4 2 .33
Infection with GVHD 27 9 28 9 16 8 .65
Infection without GVHD 55 18 45 14 22 11 .02
Organ failure 9 3 12 4 5 2 .80
Primary disease 26 8 33 10 15 7 .70
VOD 12 4 5 2 1 <1 .01
Other 8 3 5 2 6 3 .95
over the past 20 years. More than half of the improved survival
was related to reduced mortality from infections, particularly
invasive aspergillosis. Race was associated with lower mortal-
ity, even after accounting for donor selection characteristics.

Several prior studies demonstrated improved survival over
time after allogeneic HSCT. Gooley et al. [12] reported that
mortality among children and adults after allogeneic stem cell
transplantation at the Fred Hutchinson Cancer Research Center
fell 52% from 1993 to 1997 to 2003 to 2007. Similarly, 5-year
overall survival among children who underwent allogeneic
HSCT at a single institution improved from 52% to 64% between
1983 to 1999 and 2000 to 2010 [13]. Finally, using data
reported to the Center for International Blood and Marrow
Transplant Research, Horan et al. [14] found that the 2-year
overall survival of children after unrelated donor bone marrow
transplantation improved from 35% in 1987 to 1995 to 58% in
2003 to 2006. These studies consisted mostly of adults, were
limited to patients with hematologic malignancies, included



Table 3
Multivariable Analyses Evaluating Associations Between Demographic and
UCBT Practices and 2-Year All-Cause Mortality

HR (95% CI) P

Time Period
1995-2001 1.00 Ref —

2002-2007 .46 (.30-.70) .0004
2008-2014 .27 (.15-.49) <.0001

Age
<1 yr 1.00 Ref —

1-4 yr .84 (.60-1.19) .32
5-11 yr .72 (.49-1.06) .09
�12 yr 1.11 (.72-1.71) .63

Race
White 1.00 Ref —

Black 1.61 (1.20-2.16) .002
Other 1.80 (1.35-2.40) <.0001

UCBT indication
Malignancy 1.00 Ref —

Nonmalignancy .74 (.57-.97) .03
Conditioning intensity

Myeloablative 1.00 Ref —

Reduced-intensity or nonmyeloablative .80 (.45-1.43) .43
GVHD prophylaxis

Regimen with corticosteroids 1.00 Ref —

Regimen without corticosteroids .83 (.59-1.17) .29
Antifungal prophylaxis

Amphotericin B lipid complex 1.00 Ref —

Voriconazole 1.24 (.84-1.85) .28

Sex and UCBT graft type were not associated with all-cause mortality in uni-
variable analyses. This multivariable model also adjusted for an interaction
term between time period and days after UCBT.

Table 5
Infectious Causes of Death after UCBT by Time Period

Time Period

1995-2001 2002-2007 2008-2014 P

n % n % n %

Bacteria 18 6 15 5 9 4 .39
Gram-negative 9 3 10 3 3 1
Gram-positive 8 3 3 1 6 3
Polymicrobial 1 <1 2 1 0 0

Fungi 32 11 11 3 6 3 .0001
Aspergillus spp. 23 8 3 1 2 1
Candida spp. 4 1 7 2 2 1
Non-Aspergillus molds 4 1 1 <1 2 1

Parasites 3 1 1 <1 1 <1 .41
Viruses* 29 10 43 13 21 10 .70
Adenovirus 12 4 27 8 11 5
CMV 7 2 12 4 8 4
Herpes simplex 2 1 4 1 0 0
Parainfluenza 5 2 6 2 3 1
Other 4 1 0 0 5 2

Suspected infection,
no organism identified

10 3 7 2 7 3 .95

Pneumonia 5 2 5 2 3 1
Sepsis 5 2 2 1 4 2

Number of deaths may not sum to the deaths from infection in Table 2 because
multiple infections were identified for some subjects.
* Deaths from specific viruses may not sum to category heading because

some children had more than 1 virus identified as a primary cause of death.
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relatively few UCBT recipients, or did not include data from the
past 10 years [12-16]. In this study we present detailed data on
causes of death in the largest single-center cohort of pediatric
UCBT recipients reported to date. Although broadly consistent
Table 4
Multivariable Analyses of Factors for Demographic and Donor Selection Char-
acteristics and 2-Year All-Cause Mortality in 667 Children Who Underwent
Single UCBT

HR (95% CI) P

Time Period
1995-2001 1.00 Ref —

2002-2007 .51 (.35-.74) .0003
2008-2014 .38 (.21-.69) .001

Age
<1 yr 1.00 Ref —

1-4 yr .90 (.61-1.31) .57
5-11 yr .72 (.45-1.18) .19
�12 yr .99 (.56-1.74) .97

Race
White 1.00 Ref —

Black 1.49 (1.08-2.07) .02
Other 1.74 (1.23-2.45) .002

UCBT indication
Malignancy 1.00 Ref —

Nonmalignancy .70 (.52-.92) .01
Cryopreserved TNC

<5.0£ 107 TNC/kg 1.00 Ref —

5.0-9.9£ 107 TNC/kg 1.03 (.74-1.42) .88
�10.0£ 107 TNC/kg .89 (.59-1.36) .59

HLA matching
5/6 or 6/6 1.00 Ref —

3/6 or 4/6 1.21 (.95-1.56) .13
Race matching*

Matched 1.00 Ref —

Mismatched 1.14 (.87-1.49) .35

Sex and sex matching were not associated with all-cause mortality in univari-
able analyses. This multivariable model also adjusted for an interaction term
between time period and days after UCBT. TNC indicates total nucleated cells.
* Racial categories considered for these analyses were white, black, His-

panic, Asian, Middle Eastern, and Native American.
with the findings from these other studies, our results indicate
that overall survival among children after UCBT improved sub-
stantially at our institution over the past 2 decades.

Mortality from invasive aspergillosis among children
receiving UCBT fell markedly during the 20-year study period.
Between 1995 to 2001 and 2008 to 2014, 2-year mortality
from aspergillosis declined from 8% to <1%. This reduction in
mortality was strongly associated with use of voriconazole for
antifungal prophylaxis in the study population. Importantly,
we found that this effect of voriconazole prophylaxis on mor-
tality from invasive aspergillosis was independent of UCBT
indication and other major changes in clinical practice, includ-
ing a shift away from use of steroids for GVHD prophylaxis.
The efficacy of voriconazole for antifungal prophylaxis was
previously reported in observational studies [17,18]. However,
voriconazole did not lower the incidence of invasive fungal
infection during the first 180 days after allogeneic stem cell
transplantation compared with fluconazole in a randomized
controlled trial, which could be related to subtherapeutic vori-
conazole dosing or an insufficient duration of follow-up in this
trial [19]. Our results suggest that voriconazole effectively pre-
vents invasive aspergillosis mortality among children after
UCBT.

With the decline in mortality from invasive aspergillosis,
adenovirus and CMV have become the dominant infectious
causes of death in children after UCBT. These 2 viruses
accounted for 19 of 72 deaths (26%) occurring in the most
recent time period (2008 to 2014). There has been little prog-
ress in the prevention and treatment of these viral infections
over the past several decades. There is no US Food and Drug
Administration�approved therapy for adenovirus infection.
Cidofovir has been available for off-label use since 1996; how-
ever, adenovirus-related mortality remains high in allogeneic
stem cell transplant recipients despite cidofovir, and this anti-
viral medication is associated with severe renal toxicity
[20,21]. The standard medications for the prevention and
treatment of CMV disease in allogeneic stem cell transplant



Figure 2. Two-year mortality from invasive fungal infections among children undergoing UCBT by year of transplantation. Mortality from invasive aspergillosis
declined during the study period (P < .0001), whereas the mortalities from Candida species and non-Aspergillus molds did not differ by year of transplantation
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recipients are ganciclovir and foscarnet, antiviral medications
that were available throughout the study period. However,
neither of these medications have proved effective for CMV
prevention after stem cell transplantation, and both are associ-
ated with substantial toxicity. Several novel therapeutics have
the potential to lower mortality from adenovirus and CMV
infections. Brincidofovir, a derivative of cidofovir without the
associated renal toxicity, has potent activity against adenovi-
rus, although further study is needed before it can be recom-
mended routinely for these infections [22]. Letermovir, a novel
anti-CMV agent, was approved by the US Food and Drug
Administration for prevention of CMV infection and disease in
adult HSCT patients, but data on dosing and efficacy are not
yet available for children [23]. Finally, virus-specific T lympho-
cytes have been used for the prevention and treatment of ade-
novirus and CMV infections in allogeneic stem cell transplant
recipients, and evaluation of these products is ongoing [24].

A key finding in this study is that black children and children
from other racial minority groups had higher all-cause mortality
than white children. Numerous prior studies described racial
disparities in allogeneic HSCT [25�28]. Multiple contributing
Table 6
Multivariable Analyses Evaluating Associations Between Demographic and
UCBT Characteristics and 2-Year Mortality from Invasive Aspergillosis

HR (95% CI) P

Age
<12 yr 1.00 Ref —

�12 yr 4.88 (2.09-11.39) .0003
UCBT indication

Malignancy 1.00 Ref —

Nonmalignancy .52 (.18-1.49) .22
GVHD prophylaxis

Regimen with corticosteroids 1.00 Ref —

Regimen without corticosteroids 1.00 (.11-9.46) .99
Antifungal prophylaxis

Amphotericin B lipid complex 1.00 Ref —

Voriconazole .08 (.01-.76) .03

Sex, race, UCBT graft type, and conditioning intensity were not associated with
mortality from invasive aspergillosis in univariable analyses.
factors have been proposed including a lower likelihood of find-
ing an unrelated HLA-matched donor, lower socioeconomic
status, provider bias, and structural factors within the health-
care system [29]. We found that black children and children
from other racial minorities were more likely to receive 3/6 or
4/6 HLA-matched and race-mismatched cord blood units than
white children and that receipt of these units was associated
with higher mortality in univariable analyses. However, these
associations did not persist in multivariable analyses adjusting
for race and other patient characteristics. Two prior studies also
did not find an association between donor race matching and
mortality after HSCT [30,31]. However, in these studies race
matching data were missing for a large portion (about 30%) of
the analytic sample [30] or only racial minorities comprised of a
small part of the analytic cohort (13%) [31]X X. Similarly, less than
30% of our sample included nonwhite children. To allow to a
more detailed examination of the effect of race mismatching
on mortality, future research should include a greater repre-
sentation of racial minorities. These findings lend further sup-
port to ongoing initiatives to improve the representation of
racial minority groups in UCB registries [32].

Our study has several limitations. First, it was conducted at
a single academic hospital, the transplant practices of which
may not be reflective of those at other transplant centers. Fur-
thermore, the indications for UCBT changed over time at our
center, with a declining proportion of transplants performed
for malignancy. This trend could have contributed to the
improved survival of patients over time and could reflect both
the increasing use of UCBT for nonmalignant conditions and
the growing number of centers performing UCBT [33]. More-
over, although we reviewed autopsy reports, provider notes,
and the results of microbiologic testing for all deceased sub-
jects, misclassification of the cause of death remains possible.
In addition, analyses of the infectious causes of death did not
account for changes in the diagnostic testing available for spe-
cific infections, particularly invasive fungal and viral infections.
The availability of these assays in the later years of this study
could have led to the improved diagnosis of fatal invasive fun-
gal or viral infections or, alternatively, earlier diagnosis and
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improved survival from these infections [34�37]. We did not
have data on the incidence of invasive aspergillosis in this pop-
ulation and are thus unable to determine the extent to which
the decline in mortality is attributable to prevention of Asper-
gillus infections rather than improved treatment outcomes.
Although the dose of voriconazole used for antifungal prophy-
laxis was standardized, plasma trough voriconazole levels
were not routinely followed. Given the substantial intraindi-
vidual variability in voriconazole metabolism, we are unable to
more precisely determine associations between voriconazole
exposures and invasive aspergillosis [38]. Moreover, because
the overwhelming majority of children in this cohort received
amphotericin B lipid complex or voriconazole for antifungal
prophylaxis, we are unable to compare the effectiveness of
these medications with other antifungal agents. Finally, for
consistency across the 20-year study period, we determined
degree of HLA matching based only on allele-level typing of
HLA-A, -B, and -DRB1. Typing of HLA-C and -DQB1 is currently
performed at our center and many other institutions, and it is
unclear if the lack of association between HLA matching and
mortality after UCBT would persist after accounting for match-
ing at these additional HLA loci.

Clinical advances over the past 20 years have substantially
improved survival of children after UCBT, further supporting
its use as a stem cell source for children who do not have a
matched sibling or unrelated donor. Routine use of voricona-
zole prophylaxis was associated with a dramatic reduction in
mortality from invasive aspergillosis. However, there is still an
urgent need for improved strategies for the prevention and
treatment of adenovirus, CMV, and GVHD. Future research
should focus on whether the development of new commercial
molecular assays for adenovirus and CMV has led to improved
survival in this high-risk patient population.
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