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Key Points

• In HS, patients’ early referral
for HCT, with the best available
HLA-matched donor offers the
best event-free survival.

• In HS, patients’ HCT with a
well-matched unrelated cord
blood unit is particularly
attractive because the unit
is readily available.

We report transplantation outcomes of 258 children with Hurler syndrome (HS) after

a myeloablative conditioning regimen from 1995 to 2007. Median age at transplant was 16.7

months and median follow-up was 57 months. The cumulative incidence of neutrophil

recovery at day 60 was 91%, acute graft-versus-host disease (GVHD) (grade II-IV) at day 100

was 25%, and chronic GVHD and 5 years was 16%. Overall survival and event-free survival

(EFS) at 5 years were 74% and 63%, respectively. EFS after HLA-matched sibling donor

(MSD) and 6/6 matched unrelated cord blood (CB) donor were similar at 81%, 66%

after 10/10 HLA-matched unrelated donor (UD), and 68% after 5/6 matched CB donor. EFS

was lower after transplantation in 4/6 matched unrelated CB (UCB) (57%; P 5 .031)

and HLA-mismatched UD (41%; P 5 .007). Full-donor chimerism (P 5 .039) and normal

enzyme levels (P 5 .007) were higher after CB transplantation (92% and 98%,

respectively) compared with the other grafts sources (69% and 59%, respectively). In

conclusion, results of allogeneic transplantation for HS are encouraging, with similar

EFS rates after MSD, 6/6 matched UCB, 5/6 UCB, and 10/10 matched UD. The use of mismatched UD and 4/6 matched UCB was

associated with lower EFS. (Blood. 2013;121(19):3981-3987)

Introduction

Hurler syndrome (HS) is the most severe phenotype in the spectrum
of mucopolysaccharidosis type I (MPS I), a type of lysosomal
storage disorder. Untreated HS develops into progressive and
ultimately fatal multisystem deterioration, including psychomotor
retardation, severe skeletal manifestations, and life-threatening
cardiac and pulmonary complication caused by severe deficiency
or complete absence of the lysosomal enzyme a-L-iduronidase.1

On the basis of in vitro studies documenting cross-correction of
cells from MPS patients with normal cells,2 hematopoietic cell
transplantation (HCT) was introduced as a treatment of severe
phenotype MPS I in the early 1980s.3 After transplantation,
engrafting donor cells serve as a permanent source of cellular
enzyme replacement in the blood and in the central nervous
system. Enzyme replacement therapy (ERT), available for MPS I

patients since 2003, does not prevent central nervous system dete-
rioration. Therefore, allogeneic HCT is currently considered the
treatment of choice for patients with HS.4,5

Worldwide, more than 500 HCT procedures have been per-
formed in HS patients, making HS the most frequently transplanted
inborn error of metabolism (IEM). Successful outcomes have been
reported for HS patients after HCT, provided transplantation is
performed early in life.6 However, this treatment option historically
was limited by donor availability, high rates of graft failure in some
types of transplants, mixed chimerism, and transplantation-related
morbidity and mortality.7 There have been several studies done
recently to identify risk factors related to these limitations. In
a European retrospective study, both T-cell depletion and the
use of reduced-intensity conditioning regimen were found to
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be associated with graft failure, whereas busulfan pharmacoki-
netic targeting protected against graft failure.7 Interesting studies
using unrelated cord blood (UCB) as a stem cell source for HCT
in patients with IEM, including HS, showed high rates of full-
donor chimerism associated with normal enzyme levels post
engraftment.8-11 Because full-donor chimerism associated with
normal enzyme levels are thought to be associated with a superior
neurocognitive outcome after HCT, cord blood (CB) has been
proposed as an alternative option or even preferential stem cell
source for HS patients.6 However, a large series of patients
comparing the different stem cell and donor sources is still
needed to support this.

With this aim, we conducted a collaborative retrospective
analysis of outcomes and risk factors after HCT for HS patients
treated in multiple centers worldwide reported to the European
Group for Blood and Marrow Transplantation (EBMT), Eurocord,
and the Center for International Blood and Marrow Transplant
Research (CIBMTR).

Patients and methods

Data collection

This retrospective analysis is based on data reported to the Promise
database and/or Eurocord Registry from European and non-European
centers through a standardized questionnaire that includes information
about the patients, donor, diseases, and transplant outcomes. In addition,
data were obtained from US transplant centers either directly (Duke
University) or from the CIBMTR. CIBMTR data are also collected on
standardized data reporting forms similar to those used by the Eurocord-
EBMT. The collected information was reviewed by 2 physicians to en-
sure data quality. Overlaps between the databases were checked to
eliminate duplicate reporting. All parents and or legal guardians of
patients gave informed consent for hematopoietic stem cell trans-
plantation (HSCT) according to the Declaration of Helsinki. In Europe,
the study was approved by Eurocord and the Working Party for Inborn
Errors of European Blood and Marrow transplant group (ie, EBMT). In
the US, the institutional review boards of Duke University, the Medical
College of Wisconsin, and the National Marrow Donor Program
approved the study. One-hundred thirty-eight (53%) patients included
herein were reported in 3 previous studies.7,10,12 For this study, data of the
previously reported patients were updated. Thirty-eight patients who were
reported to CIBMTR from 21 transplant centers were excluded from the
analysis because we have planned a follow-up study of the current cohort
that will systematically examine functioning and quality of life in surviving
patients. Data collection for the planned study involved a member of the
study team visiting transplant centers in Europe and the US. As such, it was
not feasible to visit all US centers to collect additional data. In addition,
important data for our analyses were collected, such as enzyme levels (plus
the institutional reference ranges) on latest follow-up and the use of ERT
before HCT (including the number of infusions). As well, missing data were
completed with this on-site visit. The survival of these excluded patients was
not statistically different from the patients reported in the analysis (data not
shown).

Inclusion criteria

The following criteria were required: (1) Diagnosis of HS was confirmed by
an increase in urinary glycosaminoglycan excretion, a deficiency or absence
of a-L-iduronidase in peripheral blood leukocytes, and the clinical
phenotype; (2) transplantation with either a HLA-matched sibling donor
(MSD), a HLA-matched or mismatched unrelated donor (UD) (either
T-cell–replete or T-cell–deplete [TCD-TUD]), or a nonexpanded, single,
unmanipulated, UCB unit; (3) complete clinical data with at least 3

months of posttransplant follow-up; and (4) transplants using a myeloablative
conditioning regimen performed between 1995 and 2007. Myeloablative
conditioning in this nonmalignant disease was defined as a cumulative
busulfan dose .14 mg/kg (either oral or intravenous: with or without
therapeutic drug monitoring) or total body irradiation (TBI) .7 Gy
delivered unfractioned or .10 Gy delivered in fractioned doses.

Definitions and endpoints

The primary endpoints were: (1) event-free survival (EFS), defined as
survival from transplantation to last contact: autologous reconstitution
(defined by documentation of ,10% donor-derived engraftment), graft
failure (defined as a lack of neutrophil recovery or transient engraftment
of donor cells after transplantation and/or a requirement for a second
transplant), or death were considered as events; (2) overall survival (OS)
was defined as time from transplantation to death. All surviving patients
were censored at date of last contact. Other endpoints reported include:
(1) rate of neutrophil recovery, defined as the first day of achieving
a neutrophil count of >0.5*10e9/L for 3 consecutive days, (2) incidence
of acute and chronic graft-versus-host disease (GVHD), and (3) donor
chimerism and enzyme level at most recent follow-up. Acute GVHD
grade II-IV at day 100 was diagnosed and graded according to published
criteria13 and chronic GVHD at 5 years was graded according to standard
criteria14 and evaluated in patients who survived at least 100 days with
sustained engraftment.

Donor-recipient HLA match

HLA matching in the UD recipients was scored using the classification of
either low-resolution (LR)/intermediate-resolution (IR) or high-resolution
(HR) typing. For CB, HLA matching was scored using LR or IR typing for
HLA Class I (A and B) and HR typing for HLA Class II (DRB1). UD
donors were grouped based on typing as follows: (1) Matched on HR
(10/10), (2) mismatch on HR (7-9/10), and (3) any match grade on either
LR or IR. UD recipients receiving an “ex vivo T-cell–depleted graft”
(independent of the method used: not enough information available) were
scored and grouped separately.

Donor-recipient chimerism

Chimerism was reported on the basis of data available at any time during
the first 3 months after HCT and at the last assessment. Full-donor chimerism
(on whole blood) was defined as >95% donor-derived hematopoietic cells,
mixed-chimerism as 10% to 94% donor-derived hematopoietic cells were of
donor origin and autologous recovery if ,10% of hematopoietic cells and
autologous recovery if ,10% of hematopoietic cells were donor-derived.
Data on the methodology of chimerism detection were not available. Enzymes
were regarded as “normal” if they were within the range of normal according to
the institutional reference range and “low” if the value was below the lower
limit of normal but not within the range used to define MPS I.

Statistical analysis

The duration of follow-up was the time to the last assessment for surviving
patients or death. To analyze risk factors for outcomes, we considered
patients’ related factors (ie, median age at transplant, gender), the disease
(ie, median interval time from diagnosis to transplant), use of “enzyme
replacement therapy” before transplant (eg, at least 4 doses), the donor (ie,
source, donor relationship, HLA-disparity, HR-typed or LR/IR-typed, T-cell
depletion, and for CB median collected and infused total nucleated cell and
CD341cell doses), and the transplant (ie, year of transplant, conditioning
regimen and the type of GVHD prophylaxis). Because of sample size, the
median interval between diagnosis and HCT for CB median-collected and
infused, nucleated cells and CD341 was taken to dichotomize the group.
Cumulative incidence estimates were calculated for neutrophil recovery and
acute and chronic GVHD, with death as the competing event.15 Gray’s test
was used for univariate comparisons.16 Probabilities of EFS and OS were
calculated using the Kaplan-Meier estimate; the two-sided log rank test was
used for univariate comparisons.
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HLA (including type of donor) and CB cell dose were analyzed as
prognostic factors for EFS and taken into consideration if a P value , .20
was observed. Factors associated with a P value , .10 by univariate
analysis (described in the Results section) and other relevant factors, were
included in multivariate analyses using Cox proportional hazards for EFS
and OS, logistic regression for donor chimerism and enzyme levels (at latest
follow-up), and the proportional subdistribution hazard regression model of
Fine and Gray for neutrophil recovery.17 Then a stepwise regression was
performed using a threshold of .05. All tests were two-sided. The type I
error rate was fixed at .05 for determination of factors associated with time-
to-event outcomes. Risk factor analysis for chronic GVHD was not
performed because of the relative small number of events. Statistical
analyses were performed with SPSS Inc. (IBM, Armonk, NY) and S-Plus
(MathSoft, Inc., Seattle, WA) software packages.

Results

Patient, donor, and transplant characteristics

Two-hundred fifty-eight patients with HS receiving HCT between
1995 and 2007 were analyzed. The baseline patient, donor, and
transplantation characteristics are shown in Table 1. The median
age at transplant was 16.7 months. Nineteen percent (n 5 48) of
patients received intravenous ERT (at least 4 infusions before
transplant). The most common graft source used was UCB (n 5
116: mainly HLA-mismatched, 81%), followed by UD (n 5 105)
and MSD (n 5 37). Approximately half of the patients receiving
from a UD were “ex vivo” T-cell–depleted (n 5 53). One-hundred
thirty-eight patients in this report have also been in previously
published studies (but updated for this analyses).7,10,12

The majority of children were conditioned with a busulfan-
containing myeloablative chemotherapy (.97%), primarily busulfan/
cyclophosphamide (83%; Table 1). Serotherapy, either anti-thymocyte
globulin (ATG) (n 5 207) or alemtuzumab (Campath-1H; n 5 21),
was also given to the majority of the patients (89%). All patients
who received GVHD prophylaxis received a cyclosporine-containing
regimen. Depending on cell source, patients received steroids (n5 76)
or mycophenolate mofetil (MMF) (n 5 16; in recipients of CB), or
methotrexate (MTX) for UD or MSD (n5 74). The majority of the
T-depleted recipients received no additional GVHD prophylaxis
(n 5 30). Given their young age, the patients receiving a CB graft
underwent transplantation with relatively large doses of CB cells;
the median total nucleated cell dose was 8.8 3 107 cells/kg, with a
median of 3.0 3 105/kg CD341 dose based on precryopreservation
counts.

Neutrophil and platelets recovery and chimerism

Cumulative incidence of neutrophil recovery at day 60 was 91 6
2% (Table 2), with 87 6 2% engrafting at or before day 42. The
median time to neutrophil recovery was 19 days (range, 9-60). In
univariate analysis, the probability of neutrophil recovery was
associated with stem cell source and then type of donor/donor type
and patient age. The probability of neutrophil recovery at day 60
was 98% 6 4% for patients receiving a MSD- or HLA-matched
UCB (6/6) transplant, and it was 94 6 3% in recipients of a
matched UD (MUD) graft, 91 6 3% after a HLA-mismatched or
T-cell–depleted UD transplant, 88 6 4% after a 5/6 antigen-
matched UCB transplant, and 79 6 6% in those receiving a 4 of
6 antigen-matched UCB graft (P < .001). Patient age was also
associated with neutrophil recovery: recovery was 95 6 3% for
patients younger than 16.7 months compared with 88 6 5% for

older patients (P 5 .002). Multivariate analysis confirmed that
both factors described were independently associated with neutrophil
recovery. In UCB recipients, younger age (P 5 .01) and NC
dose (. median; P 5 .038) were independent factors affecting
engraftment. Cumulative incidence of platelet recovery at 180
days was 80 6 3%.

Forty-nine patients had either autologous reconstitution
(n 5 18; 7%) or secondary graft failure (n 5 31; 12%) during

Table 1. Baseline patient, donor, and transplantation characteristics

Patient characteristics n % Missing Median Range

Overall 258

Gender (male/female) 133/121 52 4

IV ERT (before HCT; at least

4 infusions)

48 18.6 1

Age at SCT (mo) 0 16.7 2.1-228

Interval diagnosis-transplant

(mo)

32 5.2 1-63.6

Follow-up post SCT (mo) 0 59 1.3-159

Donor characteristics

MSD (all BM) 37 14 0

UD (95BM/15PBSC) 105 41 0

UCB 116 45 0

UD* 3

10/10 (HR) 47 47

7-9/10 (HR) 27 26

6-8/8.5-6/6 (LR/IR) 28 27

uCB HLA-matching 3

6/6 22 19

5/6 66 58

4/6 25 22

3/6 3 3

CB cell dose

Collected NC (·107/kg) 2 8.8 1.2-32

Collected CD341 (·105/kg) 3 3.0 0.21-105

Transplantation characteristics

Year of HCT 0 2004 1995-

2007

Overall 258

Conditioning regimen 6

Bu/Cy 181 70.2

Bu/Cy (high) 34 13.2

Bu/Cy/Flud 12 4.7

Bu/Cy/TBI (200 cGy) 12 4.7

Bu 1 other combinations 11 4.3

TBI/Cy 2 0.8

GVHD prophylaxis 29

CsA 21 8.1

CsA/Pred 78 30.2

CsA/MTX 77 29.8

CsA/MMF 22 8.5

CsA/MTX/Pred 1 0.4

None given (in TCD grafts only) 30 11.6

Serotherapy (ATG: 221 or

Campath: 21)

228 90 4

Bu, busulfan; CsA, cyclosporine; Cy, cyclophosphamide (high was defined as

either 240 or 260 mg); Flud, fludarabine; Pred, prednisolone; SCT, stem cell

transplant(ation).

HCT was performed in the following centers: Minneapolis (57), Duke (47),

Manchester (29), Dublin (23), Lyon (15), Utrecht, (12), London (11), Marseille (3),

Barcelona (4), Madrid (2), Israel (1), Argentina (1), Japan (2), Ghent (4), Nancy (1),

Paris (11), Padua (1), Monza (9) Prague (4), Helsinki (1), Australia (1), New Zealand

(1), Hanover (7), Stockholm (1), Zurich (1), Moscow (2), Cincinnati (2), Vienna (1),

Jena (1), Leiden (1), Swansea (1), and Houston (1).

*Of these 105 patients, 53 were T-cell–depleted. According to the HLA, T-

cell–depleted HCT was performed in 10/47 (HLA 10/10) and 43 of 55 patients with

HLA-mismatched UD.
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the first 3 months after HCT (Table 2). Chimerism data at last as-
sessment were available for 157 patients of 164 “alive and engrafted”
patients: 125 of them were full chimeras (79%) and 32 (21%) had
mixed chimerism. The use of UCB as a stem cell source was associated
with a higher rate of full-donor chimerism and normal enzyme levels at
latest follow-up (median: 57 months). In fact, 98% of the “alive and
engrafted” CB recipients had normal enzyme levels compared
with 50% to 66% in the other 3 groups (P 5 .039; Table 3),
reflecting higher rates of full engraftment in the CB cohort.

Acute and chronic GVHD

The cumulative incidence of acute GVHD II-IV at day 100 was
256 3% (n5 65), with the majority of these patients having grade
II GVHD (n 5 46, 18%), grade III GVHD (n 5 9, 3%), and grade
IV (n 5 10, 4%). In univariate analysis, cumulative incidence of
grade II-IV GVHD was higher (P 5 .01) in patients receiving a
UCB 5/6 (36 6 3%) or 4/6 (33 6 3%) compared with UCB 6/6
(19 6 9%), MSD (19 6 7%), HLA-MUD (15 6 5%), and HLA-
mismatched UD (22 6 6%). The cumulative incidence of aGVHD
was 17% for “ex vivo T-cell–depleted” matched and mismatched
UD. No other factor analyzed was associated with an increased risk
of acute GVHD II-IV. Concerning aGVHD grade III-IV, the
overall CI was 8 6 2%: 5% for MSD, 9% for CB recipients, and
6% for UD. The CI of chronic GVHD at 5 years was 16 6 2%
(n 5 33: 17 patients extensive and 16 patients limited). By cell
source, the incidence of cGVHD was not different among the cell
source groups (P 5 .49): 10% for MUD (for TCD 7%, non-TCD
11%), 29% for CB, and 3% for sibling.

EFS and OS

The 5-year estimate probabilities of EFS and OS after HCT in this
series were 63 6 3% and 74 6 3%, respectively. In univariate
analyses, the EFS rate was higher in younger patients (age at
transplant less than the median of 16.7 months (P5 .024; Figure 1),
in those who underwent transplant more recently (after 2004:
P 5 .01), and those who underwent transplant with a well-
matched CB or related donor graft (MSD, 6/6 UCB, P 5 .009;
Table 2). Patients with previous ERT showed a trend to sig-
nificantly higher EFS (P 5 .07) in univariate analysis but not in
multivariate analyses (Table 4). In regards to HLA typing and type

of donor, transplantation using MSD, or fully-matched UCB (6/6)
grafts, the 5-year estimated probability of EFS was 81%, whereas
after 10/10 MUD and 5/6 matched UCB, EFS rates were 66% and
68%, respectively. Four of 6 matched UCB and mismatched HLA
UD grafts were associated with lower 5-year probability of EFS
(57% and 41%, respectively; Figure 2) compared with the index
group (MSD/matched UCB). For patients receiving an ex-vivo
T-cell–depleted UD transplant (43/53 were mismatched HLA
UD), EFS was 36% compared with 69% in unmanipulated UD.
Importantly, multivariate analysis (adjusted for year of trans-
plantation and previous ERT) demonstrated that both the age at
transplantation (younger than 16.7 months) and cell source
affected EFS: 10/10 UD or 5/6 UCB showed a trend (P 5 .07
when grouped) to lower EFS compared with MSD and 6/6 UCB,
whereas EFS was lower after 4/6 UCB (P 5 .031) and HLA-
mismatched UD (P 5 .007; Table 4). ERT peri-HSCT did not
influence the endpoint EFS (P 5 .775) in multivariate analyses.
Also, year of HCT (, or .2004) was not significant in
multivariate analyses (P 5 .157). Thirty-five patients underwent
subsequent transplantation using either the same (n 5 12) or
a different donor (n 5 19; 4 missing). The median interval to the
second HCT was 207 (range, 36-630) days. A variety of condi-
tioning regimens was used (eg, busulfan-based 16; fludarabine-based
7; all either ATG or Campath). Twenty-seven patients achieved
donor engraftment in a median time of 16 days (range, 6-26), of
whom 22 of 35 (63%) patients are “alive and engrafted” with donor
cells with a median follow-up of 54 months.

Causes of death

Sixty-four patients (25%) died within 5 years post stem cell trans-
plantation, 60 from a transplant-related cause (11 viral infection,
11 multi-organ failure, 10 GVHD, 6 hemorrhage, 4 idiopathic pneu-
monia syndrome/diffuse alveolar hemorrhage, 1 sepsis, 1 fungal,
13 other), and 3 from disease progression after graft failure. In 4
patients, the cause of death was unknown.

Discussion

We identified 2 factors associated with EFS in patients with HS
undergoing HCT: age at transplantation and donor/graft source,

Figure 1. EFS by age at HCT.

Table 2. Primary and secondary endpoints

Primary endpoints n % Missing Events (n)

5-y OS 194 74

5-y EFS 163 63

Secondary endpoints

Neutrophil recovery (day 60)* 91 1 235

Graft-failureb

Primary / Secondary 7/12 0 18/31

Chimerism (at latest follow-up)

Full donor 79 7 125

Mixed 21 32

Enzyme levels

Normal 81 25 112

< LLN (“low”) 19 25

CIF of Acute GVHD

(Grade II-IV) 25 3 65

(Grade III-IV) 7 19

CIF of Chronic GVHD at 5 y 16 2 33

CIF, Cumulative incidence function; LLN, lower limit of normal.

*Median days 19 (range, 9-60).

3984 BOELENS et al BLOOD, 9 MAY 2013 x VOLUME 121, NUMBER 19

For personal use only.on October 13, 2017. by guest  www.bloodjournal.orgFrom 

http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml


which also considered donor-recipient HLA-match. EFS was
significantly higher when transplantation was offered before
17 months of age. This supports the need for early referral for
transplantation in infants diagnosed with HS, and for families with
an index case, these data support perinatal screening. In addition,
our data also support proceeding to transplantation with an al-
ternative donor in the absence of an HLA-matched sibling. Such
a donor should preferably be a 6/6 or 5/6 HLA-matched UCB or
a 10/10 HLA-matched unrelated adult donor. Although we did not
identify a NC dose threshold above which outcomes were superior,
the cell content of the UCB unit is particularly important when
considering UCB grafts. Others have shown that the minimal
acceptable NC dose should be 5 3 107/kg when selecting mis-
matched UCB units for nonmalignant indications.18 In the current
analysis, although the median TNC is 8.83 107/kg and only 13% of
patients received NC dose ,5 3 107/kg, this explains why we were
unable to detect a NC dose threshold. With regard to hematopoietic
recovery, however, younger age at transplantation as well as CB cell
dose are important factors affecting engraftment after UCBT.

As with EFS, neutrophil recovery was also associated with
patient age and donor/graft source: it was highest in MSD and 6/6
matched UCB (98%), whereas it was lowest in 4/6-matched UCB
(79%) and higher among patients younger than 16 months (95%
vs 88%). A limitation of the current analysis is a detailed and
thorough examination of chimerism and its association with
donor/graft source. The timing of chimerism and enzyme assay
and comparative norms were transplant center–dependent and
impossible to address when using registry data. Centralized
measuring would obviously be superior. Nevertheless, our
observation support that almost all “alive and engrafted” CB
recipients achieved sustained full-donor chimerism and normal
enzyme levels in circulating leukocytes (at most recent follow-
up), which was in line with previous CB studies in patients with
an IEM.8-12 In the UD and MSD setting, mixed-chimerism was
seen in 30% to 50% of the patients, leading to lower enzyme
levels. Although information on the carriership (1 mutated gene)
of the MSDs is lacking, it is expected that the majority will be
carrier, which will lead to the observed lower enzyme levels in
engrafted MSD patients, as has been shown by others.19 Others
have also reported that higher enzyme levels are associated with
better metabolic correction19 and improved long-term functional
outcomes of children with HS.6,20,21 Although it is not the focus
of the current analysis, an ongoing international study by our
group is examining the association between enzyme levels and
long-term functional outcome. The observed better engraftment

after UCB transplants is difficult to explore in the current
analysis. Nevertheless, this merits further examination in a
population of patients receiving a homogeneous conditioning
regimen and GVHD prophylaxis regimens with defined time-
points for chimerism assay.

A European report (n5 146), mainly analyzing blood marrow
(BM) grafts, showed that predictors for graft failure were “re-
duced intensity conditioning” and T-cell depletion.7 For myeloa-
blative, T-replete BM transplantation, EFS was approximately
70%. Reports for CB transplantation suggest similar 3-year OS
and EFS of 77% and 70%, respectively.12 Together, these data
support alternative-donor HCT for HS when a HLA-matched
sibling is not available. Although the current analysis supports
superior EFS after 6/6 HLA-matched UCB, caution is necessary
when interpreting data. In the unrelated setting, a 6/6 HLA-
matched UCB unit containing a minimum NC dose of 53 107/kg
may be preferred over a 10/10 HLA-matched adult UD.12,22 In the
absence of a fully-matched donor or when the fully matched adult
UD is not readily available, mismatched UCB units are a suitable
alternative. However, it should be taken into account that the
acute GVHD risks are higher after mismatched (CB) transplants.
In the absence of a HLA-matched sibling or fully-matched UCB
unit or adult UD, delaying HCT is unlikely to improve EFS, given
the timing of HCT is an important determinant of success. Trans-
plantation occurring beyond 17 months from birth had an adverse
effect on EFS.10,12 Offering transplantation before organ involve-
ment is an important determinant for a successful outcome be-
cause full-intensity conditioning regimens predict higher EFS.7,8,12

Others have suggested bridging for a short period with ERT to
allow for some recovery so that these patients are able to tolerate
full-intensity conditioning regimens. We showed, as others have
in smaller series, that ERT was not found to be an influencing
predictor for any of the endpoints (including engraftment; data
not shown).23,24 In multivariate analyses, the year of trans-
plantation (or time period) did not impact the survival rates.
Furthermore, those who failed a first transplant showed satis-
factory outcome after a second transplant (EFS 63%), indicating
that this too should be considered in the event of graft failure.

Taken together, our findings extend and confirm those re-
ported by others. Early referral for HCT, with the best available
HLA-matched donor, offers the best EFS. UCB units are
particularly attractive because they are readily available, but for
mismatched-CB recipients, higher GVHD rates may be a concern.
Increasing the CB inventory and better matching possibilities
(including HR typing of the CBU) might improve these out-
comes. Early referral implies relatively young patients and there-
fore identifying adequately dosed UCB units is an unlikely barrier. It
is important to recognize that most MSDs are carriers and influence

Table 3. Association between donor chimerism and leukocyte
enzymes levels and cell source (at latest follow-up) in patients
who are “alive and engrafted”

MSD (%) MUD (%) TCD-MUD (%) UCB (%) P value

Chimerism n 5 30 n 5 35 n 5 19 n 5 79

Full (.95%) 21 (70) 26 (74) 9 (50) 69 (93) .039

Mixed (50-95%) 6 6 4 5

Mixed (10-50%) 3 3 5 0

Missing 0 0 1 5

Enzyme level*

Normal 16 (54) 23 (66) 5 (53) 64 (98) .007

Low 10 12 4 1

Missing 2 0 9 14

Within the MSD group, part of the donors will be carriers, which is biologically

associated with lower enzymes.

*Enzyme levels according to institutional references.

Table 4. Multivariate predictors of 5-year EFS after first HSCT

HR 95% CI P value

Median age at HSCT ,16.7 mo 1.6 1.06 - 2.49 .03

HLA-matched sibling and 6/6 CB 1.0 — —

HLA-MUD (10/10) 1.6 0.76-3.65 .2

5/6 UCB 1.7 0.83-3.68 .14

4/6 UCB 2.5 1.09-5.87 .031

HLA-mismatched UD 2.7 1.30-5.54 .007

Year of HSCT ,2004 0.72 0.46-1.14 .157

ERT 0.9 0.45-1.88 .78

Data are adjusted for year of transplantation and previous ERT.

Statistically significant P values are presented in bold.

HR, hazard ratio.
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posttransplant enzyme levels. Completion of the ongoing study, an
international collaborative effort to correlate enzyme levels with
functional outcome, may further refine donor selection for clinical
practice. In the absence of these data, the ideal donor is a MSD or
a fully-matched UCB or an adult UD, and when an ideal donor is not
available, mismatched transplantation in a timelymanner is a suitable
alternative.
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