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Wiskott-Aldrich syndrome is a severe X-linked recessive immune
deficiency disorder. A scoring system of Wiskott-Aldrich syn-
drome severity (0.5-5) distinguishes two phenotypes: X-linked

thrombocytopenia and classic Wiskott-Aldrich syndrome. Hematopoietic
cell transplantation is curative for Wiskott-Aldrich syndrome; however, the
use of unrelated umbilical cord blood transplantation has seldom been
described. We analyzed umbilical cord blood transplantation outcomes for
90 patients. The median age at umbilical cord blood transplantation was 1.5
years.  Patients were classified according to clinical scores [2 (23%), 3 (30%),
4 (23%) and 5 (19%)]. Most patients underwent HLA-mismatched umbili-
cal cord blood transplantation and myeloablative conditioning with anti-
thymocyte globulin. The cumulative incidence of neutrophil recovery at
day 60 was 89% and that of grade II-IV acute graft-versus-host disease at
day 100 was 38%. The use of methotrexate for graft-versus-host disease
prophylaxis delayed engraftment (P=0.02), but decreased acute graft-versus-
host disease (P=0.03). At 5 years, overall survival and event-free survival
rates were 75% and 70%, respectively. The estimated 5-year event-free sur-
vival rates were 83%, 73% and 55% for patients with a clinical score of 2,
4-5 and 3, respectively. In multivariate analysis, age <2 years at the time of
the umbilical cord blood transplant and a clinical phenotype of X-linked
thrombocytopenia were associated with improved event-free survival.
Overall survival tended to be better in patients transplanted after 2007
(P=0.09). In conclusion, umbilical cord blood transplantation is a good alter-
native option for young children with Wiskott-Aldrich syndrome lacking an
HLA identical stem cell donor.

A risk factor analysis of outcomes after 
unrelated cord blood transplantation for 
children with Wiskott-Aldrich syndrome
Zhanna Shekhovtsova,1,2 Carmem Bonfim,3 Annalisa Ruggeri,1,4 Samantha
Nichele,3 Kristin Page,5 Amal AlSeraihy,6 Francisco Barriga,7 José Sánchez de
Toledo Codina,8 Paul Veys,9 Jaap Jan Boelens,10 Karin Mellgren,11 Henrique
Bittencourt,12 Tracey O’Brien,13 Peter J. Shaw,14 Alicja Chybicka,15 Fernanda
Volt,1 Federica Giannotti,1,4 Eliane Gluckman,1,16 Joanne Kurtzberg,5 Andrew R.
Gennery17 and Vanderson Rocha1,18 on behalf of Eurocord, Cord Blood
Committee of Cellular Therapy and Immunobiology Working Party of the
EBMT, Federal University of Parana, Duke University Medical Center and
Inborn Errors Working Party of the EBMT

1Hôpital Saint Louis, Eurocord, Paris, France; 2Dmitry Rogachev National Research
Centre of Pediatric Hematology, Oncology and Immunology, Moscow, Russian
Federation; 3Bone Marrow Transplantation Service, Hospital de Clínicas, Universidade
Federal do Paraná, Curitiba, Brazil; 4Service d’Hematologie et Therapie Cellulaire,
Hôpital Saint Antoine, Paris, France; 5Pediatric Blood and Marrow Transplantation
Program, Duke University Medical Center, Durham, NC, USA; 6Section of Pediatric SCT,
King Faisal Specialist Hospital & Research Centre-Riyadh, Saudi Arabia; 7Programa de
Hematologia Oncologia Departamento de Pediatria, Pontificia Universidad Catolica de
Chile, Santiago, Chile; 8Servicio de Hematologia y Oncologia Pediatrica, Hospital Vall
d’Hebron, Barcelona, Spain; 9Great Ormond Street Hospital Children’s Charity, London,
UK; 10Pediatric Blood and Marrow Transplantation Program, University Hospital Utrecht,
the Netherlands; 11Department of Oncology, Hematology and Stem Cell Transplantation,
The Queen Silvia Children’s Hospital Gothenburg, Sweden; 12Hematology-Oncology
Division, Centre Hospitalier Universitaire Sainte-Justine, Montréal, QC, Canada; 13Sydney
Children’s Hospital Kids Cancer Centre, Randwick, Australia; 14The Children’s Hospital at
Westmead, Sydney, Australia; 15Wroclaw Medical University, Poland; 16Centre
Scientifique de Monaco, Monaco; 17Institute of Cellular Medicine, Newcastle University,
Newcastle-Upon-Tyne, UK and 18Oxford University Hospitals NHS Trust, UK

ABSTRACT



Introduction 

Wiskott-Aldrich syndrome (WAS) is a severe X-linked
recessive immune deficiency disorder caused by muta-
tions in the gene encoding for Wiskott-Aldrich syndrome
protein (WASP), a key regulator of actin polymerization
signaling and cytoskeletal reorganization in hematopoietic
cells.1-3 A mutation in WASP results in a broad spectrum of
clinical manifestations ranging from the relatively mild X-
linked thrombocytopenia (XLT) to the classic WAS pheno-
type characterized by microthrombocytopenia, immun-
odeficiency, eczema, and high susceptibility to lympho-
proliferative tumors and autoimmune diseases.2,4,5 A sim-
ple scoring system on a scale from 0.5 to 5 was introduced
to differentiate XLT from classic WAS patients based on
the severity of the clinical phenotype (Online
Supplementary Table S1).6
XLT patients (score <3) have excellent overall survival

(OS), but also have a high probability of severe disease-
related complications.7 In contrast, the classic WAS (score
≥3) usually leads to death in early childhood or adoles-
cence, despite advances in clinical care, with a median life
expectancy of only 15 years.6,8,9 
Currently, the only proven curative therapy for patients

with WAS is hematopoietic stem cell transplantation
(HSCT).6,10 Various series of HSCT from HLA-matched
related donors have consistently resulted in survival rates
above 80% for patients with WAS.11-15 In the absence of a
matched related donor, the OS reported after matched
unrelated HSCT has been around 70%.11 In the last 20
years, unrelated donor umbilical cord blood transplanta-
tion (UCBT) has become an option for patients lacking an
HLA-matched donor.16 To date, there are only few reports
on outcomes after UCBT for patients with primary
immune deficiencies,17-19 and they include only a few
patients with WAS;18,20-22 furthermore, none of the studies
has analyzed factors associated with outcomes after
UCBT. We, therefore, conducted a collaborative, multi-
center, retrospective risk factor analysis of patients with
WAS reported to Eurocord. A total of 90 UCBT recipients
met the criteria and were included in the study. 

Methods

Data collection
This retrospective analysis is based on data reported to the

European Blood and Marrow Transplantation group (EBMT)
and/or Eurocord from European and non-European transplant cen-
ters through a standardized questionnaire that included informa-
tion on patients, donors, diseases, and transplant outcomes.
Missing information was requested in the form of a Microsoft
Excel file listing transplants performed by each center along with
key data extracted from the Eurocord-EBMT databases. In addi-
tion, data from Duke University Medical Center (USA), the
Federal University of Parana (Brazil) and the Pontifical Catholic
University of Chile were obtained from the respective centers.
Recipients’ parents or legal guardians gave informed consent for
HSCT according to the Declaration of Helsinki. Eurocord and the
Working Party of Inborn Errors of the EBMT approved this study.

Inclusion criteria
The inclusion criteria for the study were: (i) patients transplant-

ed for WAS before December 31, 2013, and reported to Eurocord;
(ii) first allogeneic unrelated HSCT. 

Patients were excluded from the study if the diagnosis of
immune deficiency was not specified or if transplants were per-
formed with a cord blood unit that was expanded, combined
with other sources of hematopoietic stem cells, or injected intra-
bone.

Endpoints and definitions 
The primary endpoint was: event-free survival (EFS), defined as

survival from transplantation to last contact without any of the
following events: autologous reconstitution (defined by documen-
tation of <5% 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 trans-
plant) and death. All surviving patients were censored at the date
of last contact. 
Other endpoints reported included: (i) OS, defined as the time

from transplantation to death from any cause; (ii) cumulative inci-
dence of neutrophil engraftment, defined as the first day of achiev-
ing a neutrophil count of ≥0.5x109/L for 3 consecutive days with
evidence of donor hematopoiesis; (iii) cumulative incidence of
platelet engraftment, defined as the first of 3 consecutive days
after HSCT with a platelet count ≥20x109/L without platelet trans-
fusions for at least 7 days; (iv) graft failure: primary failure defined
as the neutrophil count never reaching 0.5x109/L or evidence of
autologous reconstitution; secondary graft failure defined as reach-
ing a neutrophil count of 0.5x109/L after transplantation, but expe-
riencing a subsequent, non-transitory, decrease, or loss of donor
chimerism; and (v) the incidence of acute and chronic graft-versus-
host disease (GvHD). Acute GvHD grade II-IV was diagnosed and
graded according to published criteria.23 Chronic GvHD was also
graded according to standard criteria24 and evaluated in patients
who survived at least 100 days with sustained engraftment.
Myeloablative conditioning was defined as conditioning includ-

ing an intravenous busulfan total dose of more than 6.4 mg/kg or
an oral dose greater than 8 mg/kg/day, or treosulfan >36 mg/m2 for
infants (less than 12 months old) and >42 mg/m2 for others. Other
regimens were considered reduced intensity conditioning. 
Donor-recipient HLA matching was defined considering low

resolution typing for HLA class I (A and B) and high resolution typ-
ing for HLA class II (DRB1). Donor-recipient chimerism was
reported on the basis of available data during the first 100 ± 30
days, 1 year ± 30 days after UCBT and at the last chimerism eval-
uation. Full donor chimerism was defined as the presence of ≥95%
donor-derived hematopoietic cells, mixed-chimerism as 5% to
94% of these cells and autologous recovery if <5%. 
The patients’ immunophenotype (CD3+CD4+ and CD3+CD8+ T-

lymphocytes; CD19+ B-lymphocytes) was determined 100 ± 30
days, 1 year ± 30 days and at the last assessment reported after
UCBT.  As normal values in childhood vary considerably with age,
absolute numbers of CD4+, CD8+ and CD19+ cells were related to
age-specific normal values.25,26 Immune recovery was defined as
being alive with neutrophil engraftment and achieving absolute
numbers of CD4+, CD8+ and CD19+ cells within the age-related
normal values, as shown in Online Supplementary Table S2.

Statistical analysis
To analyze risk factors for outcomes, we considered factors

related to the patient (median age at diagnosis, median age at
transplant, median weight at time of transplantation, gender, pre-
transplant cytomegalovirus serology status, Lansky score), disease
[pre-transplant information on: infections, severe thrombocytope-
nia (platelets <20x109/L), number of platelet transfusions, platelet
abnormalities, history of severe bleeding, splenectomy, presence
of eczema, autoimmunity, malignancy, congenital neutropenia,
clinical phenotype, median interval from date of birth to diagnosis,
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median interval from diagnosis to transplant], cord blood unit
(HLA matching, median numbers of total nucleated cells and
CD34+ cells collected and infused), and the transplant (year of
transplantation, use of reduced intensity or myeloablative condi-
tioning, type of GvHD prophylaxis).  
Cumulative incidence curves were calculated for neutrophil and

platelet engraftment, and acute and chronic GvHD in a competing
risk setting, with death as a competing event.27 Gray test was used
for univariate comparisons. Probabilities of EFS and OS were cal-
culated using the Kaplan-Meier estimate; the two-sided log-rank
test was used for univariate comparisons. Multivariate analyses
were performed using the Cox proportional hazard regression
model28 for EFS and OS, and the proportional sub-distribution haz-
ard regression model of Fine and Gray for acute and chronic
GvHD, and neutrophil and platelet engraftment. Variables that
reached a P-value of 0.10 in the univariate analysis, and other rel-
evant factors such as HLA matching and cell dose, were included
in the initial models and variables were eliminated one by one in
a stepwise fashion in order to retain only those variables that
reached a P-value of 0.05 in the final model. P-values were two-
sided. Statistical analyses were performed using SPSS (Inc.,
Chicago, IL, USA) and S-Plus (MathSoft, Inc., Seattle, WA, USA)
software packages. 

Results

Characteristics of the patients, donors and transplants
Ninety patients with a clinical diagnosis of WAS who

underwent UCBT between 1996 and 2013 in 33 centers
from 20 countries met the eligibility criteria for the study.
The baseline characteristics of the patients, donors and
transplants are shown in Table 1. Disease severity before
transplantation was expressed as a WAS score of 2 to 5.
Eighteen patients (23%) had a WAS clinical score of less
than 3 at the time of UCBT, indicating that they had not
experienced any of the following: severe infections, diffi-
cult-to-treat eczema, autoimmunity, or malignancy. The
majority of patients (n= 61, 77%) had severe clinical fea-
tures of the disease at the time of transplantation, includ-
ing 52 patients with a history of recurrent and/or severe
infections. Seven patients had a history of autoimmune
disorders and two had  a history of Epstein-Barr virus-
associated lymphoproliferative disease. 
Four patients were splenectomized before UCBT, of

whom two had a platelet count <20x109/L at the time of
transplantation. All of the splenectomized patients had the
classic WAS clinical phenotype and three experienced
severe infection before UCBT.
Data on WAS gene mutations were available for 39

patients (43%). Almost equal proportions of patients car-
ried nonsense, missense and deletion mutations. 
The median age at transplantaion was 1.48 years (range,

4.8 months – 14.25 years).  Only nine patients were more
than 5 years old at the time of UCBT. Most patients (76%)
had a good performance status at the time of UCBT
(Lansky score >80%).
The vast majority of children were conditioned with a

busulfan-containing myeloablative regimen (97%), mainly
busulfan/cyclophosphamide (76%). Three patients received
reduced-intensity conditioning, two of them due to severe
infection at the time of UCBT. Most patients received anti-
thymocyte globulin (n=79). All patients who received
GvHD prophylaxis received a calcineurin inhibitor-contain-
ing regimen, including either cyclosporine A (in most cases)
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Table 1. Baseline characteristics of the patients, disease, donors and trans-
plants.
                                                                          N =90 (%*)         Median (range)

Patients’ characteristics                                                                                            
Gender (male/female)                                                      88/2                                 
Weight, kg                                                                     10.25 (5-51.7)
Age at diagnosis, years                                                                                     0.32 (0-8.3)
Time interval diagnosis- UCBT, years                                                      1.05 (0.06-13.05)
Age at transplantation, n.                                                                            1.48 (0.40-14.25)
≤5 years                                                                                81
> 5 years                                                                               9
CMV status before UCBT, n (%)                                          
Seropositive                                                                     47(70)
Seronegative                                                                   20 (30)

Disease characteristics, n (%)
WAS clinical phenotype at UCBT
Severe infections                                                           52 (68)
Eczema                                                                                    
Mild                                                                               19 (28)
Moderate                                                                     35 (51)
Severe                                                                          14 (21)

Severe thrombocytopenia (<20x109cells/L)            43 (70)
Microthrombocytopenia                                               22 (51)
Life-threatening bleeding                                            41 (59)
Malignancies                                                                     2 (4)
Autoimmunity                                                                   7 (13)
Congenital neutropenia                                                 9 (19)
WAS score  
2                                                                                     18 (23)
3                                                                                     24 (30)
4                                                                                     18 (23)
5                                                                                     19 (24)

Splenectomy before UCBT                                            4 (5)

Donors’ characteristics, n (%)
HLA-matching

6/6                                                                                 11 (12)
5/6                                                                                 52 (58)
4/6                                                                                 25 (28)
3/6                                                                                       1

Cell dose       
Collected NC (x107/kg)                                                                                   7.5 (0.2-3)
Collected CD34+ (x105/kg)                                                                          3.03 (0.03-35)

Transplant characteristics                                                    
Year of transplantation                                                                               2007 (1996-2013)
Conditioning regimen                                                            
Myeloablative                                                                    87 (97)
Cy/Bu                                                                                      67
Cy/Bu+others                                                                       8
Bu/Fluda                                                                                 6
Fluda/Treo  42                                                                       5
Cy/Hydroxyurea                                                                    1
Reduced intensity                                                                  3
Cy/Bu                                                                                       1
Fluda/Melph ± Treo 36                                                     1/1
GvHD prophylaxis                                                                    
CNI/prednisolone                                                          49 (54)
CNI/methotrexate                                                                                               17 (20)
CNI/mycophenolate mofetil                                                                             11 (12)
CNI                                                                                      9 (10)
CNI/others                                                                         3 (3)
Not given                                                                            1 (1)
Serotherapy                                                                              
Anti-T serotherapy (before day 0)                             79 (89)
Monoclonal antibody                                                       2 (2)
Not given                                                                            8 (9)

*Percentage of evaluable cases. UCBT: umbilical cord blood transplantation; CMV:
cytomegalovirus; WAS: Wiskott-Aldrich syndrome; NC: nucleated cells; MAC: myeloablative con-
ditioning regiment; Cy,: cyclophosphamide; Bu: busulphan; Fluda: fludarabine; Treo: treosul-
phan; GvHD: graft-versus-host disease; CNI: calcineurin inhibitor.



or tacrolimus. The median numbers of total nucleated cells
and CD34+ cells infused were 6.8x107 cells/kg and
3.04x105/kg (pre-cryopreservation counts), respectively.

Neutrophil and platelet recovery
Eighty patients (89%) achieved neutrophil engraftment,

with a median time to engraftment of 21 days (range, 9-54).
The cumulative incidence of neutrophil engraftment was
70% and 89% at days 30 and 60, respectively. Ten (11%)
patients did not achieve neutrophil engraftment. Of the
patients who failed to engraft, four received a second trans-
plant and were alive at last follow-up; six did not receive a
second HSCT and died.
Multivariate analysis showed that use of methotrexate in

GvHD prophylaxis [hazard ratio (HR)=0.55, 95% confi-
dence interval (95% CI): 0.32-0.93; P=0.02)] was associated
with a lower cumulative incidence of neutrophil engraft-
ment. 
At day 180, the cumulative incidence of platelet engraft-

ment was 75%, with a median time to engraftment of 45
days (range, 11-224). Platelet engraftment in the four
splenectomized patients seemed faster, occurring at a medi-
an time of 35 days. Due to the small number of splenec-
tomized patients, it was not possible to confirm whether
this procedure has a real impact on the engraftment rate. In
univariate analysis, the only risk factor associated with a
lower cumulative incidence of platelet engraftment was age
more than 2 years (67% versus 79% for younger patients,
P=0.03). Multivariate analysis confirmed that age was inde-
pendently associated with platelet engraftment (HR=0.34,
95% CI: 0.16-0.73; P=0.005). 

Chimerism and immune recovery
Chimerism data were available for 66 (86%) out of 77

evaluable patients at 100 (±30) days after UCBT, 50 (80%)
out of 63 patients at 1 year (±30 days) after UCBT, and 51
(82%) out of 62 patients at the last assessment. At day
100, 68% of patients had full donor chimerism and 32%
had mixed chimerism; at 1 year, these values were 76%
and 24%, respectively while at the last assessment they
were 80% and 20%, respectively. In 12 cases, mixed
chimerism became full donor reconstitution in a further
assessment, and two patients who, initially, had full donor
reconstitution became stable mixed chimera at their last
assessment. 
Information on the absolute number of CD3+/4+,

CD3+/8+ and CD19+ lymphocytes at 100 ± 30 days, 1 year
± 30 days and at the latest assessment after UCBT was
available for 29, 25 and 25 of the patients who were alive
with neutrophil engraftment at the specific time-points,
respectively.  In this subset analysis, 31 (67%) out of 46
patients achieved immune recovery. The median time
between UCBT and the first reported immune recovery
testing was 12 months; 11 patients achieved immune
recovery within the first 12 months after transplantation;
the earliest confirmed immune recovery was reported 4
months after UCBT. Fifteen patients did not achieve
immune recovery. Of these, 13 patients were being treated
with immunosuppressive agents due to acute GvHD; the
remaining two patients, who had no history of GvHD,
had mixed chimerism results. 

Acute and chronic graft-versus-host disease
Acute GvHD grade II-IV was observed in 35 patients: 22

had grade II (24%), 8 had grade III (8%), and 5 had grade

IV (6%). The cumulative incidence of acute GvHD grade
II-IV at day 100 was 38%. In univariate analysis, none of
the factors analyzed was significantly associated with an
increased risk of grade II-IV GvHD. However, in multivari-
ate analysis, the use of methotrexate for GvHD prophy-
laxis was associated with a decreased incidence of grade
II-IV GvHD (22% versus 42%) (HR=0.34, CI 95%: 0.12-
0.91; P=0.03). The cumulative incidence of chronic GvHD
at 5 years was 17% (n=15; 6 extensive and 9 limited
cases). In univariate analysis, the cumulative incidence of
chronic GvHD decreased after 2007 (25% versus 3%,
P<0.01). Chronic GvHD also decreased for patients receiv-
ing a total nucleated cell dose lower than 6.8x107/kg, (23%
versus 7%, P=0.03). In multivariate analysis, none of the
risk factors studied was significantly associated with an
increased risk of chronic GvHD.

Overall survival, event-free survival and causes 
of death 
The probabilities of OS and EFS at 5 years were 75±5%

and 70±5%, respectively. Table 2 shows the univariate
analysis of risk factors for OS and EFS. The risk factors
associated with worst OS in multivariate analysis (Table 3)
were: age over 2 years at UCBT (HR=2.61, 95% CI: 1.1-
6.16; P=0.02) and clinical score >2 (HR=4.49, 95% CI:
1.02-19.78; P=0.04)] (Figures 1 and 2). There was a trend
to improved OS in patients transplanted after 2007
(HR=2.27, 95% CI: 0.86-5.98; P=0.09) (Figure 3). In multi-
variate analysis for EFS, older children (more than 2 years)
at UCBT also had a significantly worse prognosis
(HR=2.47, 95% CI: 1.1-5.52; P=0.02)]. Sixty-seven patients
were alive at the last assessment, with a median follow-up
of 5 years (range, 0.25-17). Twenty-three (25%) patients
had died. Table 4 shows causes of death less than and
more than 100 days after UCBT, according to WAS score.
Infection-related deaths were commonly observed among
patients with all disease scores, and infection was the
main cause of death, especially before day 100.

Discussion 

This multicenter, retrospective study on UCBT recipi-
ents with WAS confirms that, for most patients, HSCT
using HLA-matched or -mismatched cord blood cells can
cure and prevent the long-term, life-threatening complica-
tions associated with WAS.  Outcomes of patients with
WAS who do not undergo HSCT remain poor, with the
mean age at death being 20 years in previous reports9 and
with increasing risk of malignancies with age. Several
groups11,15,16 reported successful HSCT results  with an OS
of up to 88% when using a “gold standard donor”.14 In the
absence of a matched related donor, other groups have
reported the successful use of matched unrelated donors
with 71% OS.11,29,30 but with higher risks of acute and
chronic GvHD. Unfortunately, many patients do not have
an available matched unrelated donor and, therefore,
other donor sources for transplantation have been investi-
gated, such as T-cell-depleted haploidentical HSCT and
umbilical cord blood HSCT. The results after haploidenti-
cal HSCT with TcRαβ/CD19-depletion for patients with
primary immunodeficiency currently seem promising.31
On the other hand, UCBT is still attractive because of the
naïvety of the stem cells, the lower HLA matching require-
ments, and easy availability (compared to matched related
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and matched unrelated donors) and decreased GvHD
(compared to haploidentical HSCT).32
We conducted this risk factor analysis for WAS, a rare

disease, using retrospective-registry-based data. The limi-
tations of our study are mainly due to some missing data
related to the disease and the long inclusion period with
changes in cord blood unit selection and better supportive
care in more recent years. Despite these limitations, the
study remains noteworthy, as it is the largest series of chil-
dren with WAS treated with UCBT. 
We were able to identify two main factors associated

with EFS and OS after UCBT: age at UCBT and clinical
disease score (Figures 1 and 2).  EFS and OS were signifi-
cantly improved when transplantation was performed
before 2 years of age, with almost 80% of these young
patients being cured. This finding supports the need for
early referral for transplantation in infants diagnosed with
WAS. We could speculate that older children could have
more previous complications before UCBT, which, in
turn, could affect outcomes. However, in patients with
available data, we determined that OS and EFS were not
associated with number of previous infections, Lansky
score, severity of eczema, thrombocytopenia, number of
previous platelet transfusions, autoimmunity or congenital
neutropenia. 
Clinical score was also a prognostic factor. As expected,

patients with XLT (score <3) had better OS and EFS than
patients with other clinical phenotypes. XLT patients
have, historically, excellent OS without transplantation in
contrast to patients with classic WAS. However, EFS in
XLT patients seems to worsen over time.33,34 Data from the
XLT registry showed an EFS of 74% at 15 years, decreas-
ing to 56% by 30 years, without subsequent transplanta-
tion. There is currently no consensus on the indications for
HSCT in XLT and the decision regarding transplantation
for such patients has to be made on an individual basis.7 In
our cohort, 23% of the patients were classified as having
score 2, and there were no patients with a score of 0.5 or
1 (Table 1), showing that some degree of severity was
present to justify the transplantation. We found that
patients with a clinical score of 3 seemed to have worse
OS and EFS probabilities, although we were not able to
draw definitive conclusions because of the small number
of patients in the groups.
The most frequent cause of death after UCBT was infec-

tion. The majority of patients in our series received anti-
thymocyte globulin as part of their conditioning regimen,
which may explain the high number of infection-related
deaths observed.35 Infections are commonly seen after
UCBT due to delayed engraftment and impaired immune
recovery mainly when anti-thymocyte globulin is used
before UCBT.36
We were able to analyze immune recovery in a subset

of patients. We found that 67% of the 46 patients with
available information achieved immune recovery. The
median time between UCBT and the first test reporting
immune recovery was 12 months, and 11 patients
achieved immune recovery within 12 months of trans-
plantation. These results seem comparable to those
regarding immune recovery usually observed after
UCBT.26 However, due to the retrospective nature of our
analysis, we were unable to collect details on intravenous
immunoglobulin use or vaccine-specific antibody respons-
es; the immune recovery results reported here should,
therefore, be taken with caution. Most patients who did
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Table 2. Probability of 5-year overall and event-free survival after umbilical cord
blood transplantation for Wiskott-Aldrich syndrome.

5 years OS  % 5 years EFS  % 
(95%CI) (95%CI)

Variable N P P

Patients’ characteristics
Age at UCBT
≤ 2 years 60 83 (71-91) 0.027 78 (67-86) 0.05
> 2 years 30 58 (41-74) 55 (38-71)
CMV status
negative 19 77 (54-91) 0.9 73 (51-88) 0.9
positive 47 80 (66-89) 74 (59-85)
Weight at UCBT
<10 kg 45 89 (76-96) 0.002 82 (68-91) 0.02
≥ 10 kg 45 60 (44-74) 58 (42-72)
Splenectomy
Yes 4 50 (15-85) 0.2 50 (15-85) 0.33
No 75 76 (42-93) 72 (61-81)
Lansky score
<90% 19 67 (44-84) 0.63 57 (34-77) 0.2
≥ 90% 59 76 (63-86) 74 (61-84)
Disease characteristics
Clinical score
2 18 89 (69-97) 0.03 83 (61-94) 0.18
3 24 61 (41-77) 55 (35-75)
4 18 78 (55-91) 72 (50-88)
5 19 79 (57-91) 74 (52-88)
UCBT characteristics
HLA-match
6/6 11 71 (41-90) 0.9 61 (33-83) 0.75
5/6 53 76 (63-86) 72 (59-82)
4/6 or 3/6 26 72 (52-86) 69 (50-83)
ABO-compatibility
no incompatibility 36 70 (47-86) 0.8 72 (55-850 0.9
minor  incompatibility 17 76 (58-88) 70 (47-86)
major  incompatibility 29 70 (49-85) 70 (51-84)
Year of UCBT
before 2007 51 69 (54-81) 0.13 65 (51-77) 0.2
after 2007 39 83 (66-93) 78 (62-51)
Time from diagnosis to UCBT
< 7 months 23 91 (73-97) 0.14 86 (68-95) 0.18
7-13 months 22 80 (56-93) 76 (53-90)
>13-19 months 22 72 (50-87) 68 (47-83)
> 19 months 22 58 (37-77) 54 (34-73)
Conditioning regimen
Cy/Bu/ATG 25 83 (64-93) 0.2 83 (60-91) 0.3
others 65 72 (60-81) 67 (55-77)
GvHD prophylaxis
methotrexate 18 74 (63-83) 0.7 70 (57-80) 0.7
others 72 78 (54-91) 72 (48-88)
Cell doses
TNC collected
< 7x107/kg 43 72 (57-83) 0.43 67 (52-79) 0.4
≥ 7x107/kg 42 77 (61-88) 73 (58-84)
TNC infused
< 6x106/kg 43 77 (61-88) 0.8 74 (59-85) 0.5
≥ 6x106/kg 42 72 (57-83) 65 (49-79)
CD34+collected
< 3x106/kg 34 68 (51-81) 0.2 62 (46-76) 0.12
≥  3x106/kg 33 78 (59-90) 75 (57-87)
CD34+ infused
<3x105/kg 34 66 (52-78) 0.11 74 (59-85) 0.14
≥3x105/kg 33 86 (64-95) 75 (57-87)

UCBT: umbilical cord blood transplantation; OS: overall survival; EFS: event-free survival; CI: con-
fidence interval; CMV,: cytomegalovirus; Cy: cyclophosphamide; Bu: busulphan; ATG: anti-thymo-
cyte globulin; GvHD: graft-versus-host disease; TNC: total nucleated cells.



not achieve immune recovery were treated with immuno-
suppressive agents due to acute GvHD, which may
explain our findings. 
Mixed chimerism is an undesirable outcome following

HSCT for WAS since it may be associated with lym-
phopenia, autoimmunity and thrombocytopenia.16 In our
series, chimerism data were available for 86% of the
patients at 3 months, 12 months and the last assessment.
Full donor chimerism was observed in 68%, 76% and
80% of the patients at these timepoints, respectively. In a
recent study of chimerism in 194 HSCT recipients with
WAS, 72.1% of patients achieved full and stable donor
chimerism.16 In this study it was also shown that mixed
chimerism affects the myeloid compartment (16.5% of
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Table 3. Multivariate analysis for overall survival and event-free survival.
HR 95% CI P

Overall survival

Older than 2 years 4.49 1.02-19.78 0.04
WAS score more than 2 2.61 1.1-6.16 0.02
UCBT after 2007 2.27 0.86-5.98 0.09

Event-free survival

Older than 2 years 2.47 1.1-5.52 0.02
WAS score more than 2 3.13 0.9-10.87 0.07
UCBT after 2007 1.68 0.7-4.04 0.24

HR,: hazard ratio; CI: confidence interval; WAS,: Wiskott-Aldrich syndrome; UCBT:
umbilical cord blood transplantation.

Figure 1. Probability of overall survival after
umbilical cord blood transplantation for
Wiskott-Aldrich syndrome according to age. 

Figure 2. Probability of event-free survival
after umbilical cord blood transplantation
for Wiskott-Aldrich syndrome according to
clinical score.  



cases), followed by the B-cell compartment (7.4% of
cases) and uncommonly the T-cell compartment (3.2% of
cases). Unfortunately, in our series, we did not have data
on lineage-specific chimerism; however, our results are
comparable with the 72% full donor chimerism seen with
other sources of hematopietic stem cells.
We were unable to identify cord blood donor-related

factors associated with outcomes. Previously, the
Eurocord group reported that for UCBT recipients with
non-malignant disorders, a cell dose higher than 5x107/kg
and 6/6 or 5/6 HLA-matched grafts are associated with
decreased mortality.35 In our study, patients were trans-
planted with a median cell dose of 7.5x107/kg and 70%
received a 6/6 or 5/6 matched cord blood graft, which is in
agreement with the recommendations for cord blood
selection for patients with non-malignant disorders. 

In conclusion, early referral for UCBT in patients with
WAS is associated with better outcomes. New treatment
strategies such as autologous gene-modified HSCT may
overcome the disadvantages of graft rejection and GvHD
after allogeneic HSCT. However, until these strategies
become clinically available, UCBT remains a good alterna-
tive for patients lacking an HLA-matched donor. 

Acknowledgments
VR was supported by NHS Blood and Transplants and fund-

ed by the NIHR Biomedical Research Centers funding scheme,
Oxford, UK and by FAPESP (Fundação de Amparo à Pesquisa
do Estado de São Paulo) grant 2013/02162-8, São Paulo,
Brazil. The authors thank the following participant centers for
sharing patients’ data: Curitiba, Brazil - Bone Marrow
Transplantation Service, Hospital de Clínicas, Universidade

Z. Shekhovtsova et al.

1118 haematologica | 2017; 102(6)

Figure 3. Probability of overall survival after umbilical
cord blood transplantation for Wiskott-Aldrich syn-
drome according to year of transplantation.

Table 4. Primary causes of death before and more than 100 days after umbilical cord blood transplantation for Wiskott-Aldrich syndrome.
Primary causes of death WAS clinical score Total number

2 3 4 5 Unknown
N deaths/N total 2/18 11/24 4/18 4/19 2/11

Before 100 days 1 5 1 7

Viral infection 3 3
Fungal infection 1 1 2
Bacterial infection 1 1
Unknown infection 1 1
After 100 days 1 6 4 3 2 16

Infection 5 1 1 7
GvHD 1 2 3
Multiorgan failure 2 2
Unknown 1 1 2
Interstitial pneumonitis 1 1
Hemorrhage 1 1
WAS: Wiskott-Aldrich syndrome; GvHD: graft-versus-host disease.



Federal do Paraná; Durham, USA - Pediatric Blood and
Marrow Transplantation Program, Duke University Medical
Center; Riyadh, Saudi Arabia - Section of Pediatric SCT, King
Faisal Specialist Hospital & Research Centre-Riyadh;
Santiago, Chile - Programa de Hematologia Oncologia
Departamento de Pediatria, Pontificia Universidad Catolica de
Chile; Barcelona, Spain - Servicio de Hematologia y Oncologia
Pediétrica, Hospital Vall d’Hebron; London, United Kingdom -
Great Ormond Street Hospital Children’s Charity; Utrecht, the

Netherlands - University Medical Center Utrecht; Goteborg ,
Sweden - Deptartment of Oncology and Immunology, The
Queen Silvia Children’s Hospital Center for Hematopoietic Cell
Transplantation; Montréal, Canada - Haematology-Oncology
Division, Centre Hospitalier Universitaire Sainte-Justine;
Randwick NSW, Australia - Sydney Children’s Hospital Centre
for Children’s Cancer; Sydney, Australia - The Children`s
Hospital at Westmead; Wroclaw, Poland - Wroclaw Medical
University.

UCBT for Wiskott-Aldrich syndrome

haematologica | 2017; 102(6) 1119

References

1. Jin Y, Mazza C, Christie JR, et al. Mutations
of the Wiskott-Aldrich syndrome protein
(WASP): hotspots, effect on transcription,
and translation and phenotype/genotype
correlation. Blood. 2004;104(13):4010-4019.

2. Ochs HD. Mutations of the Wiskott-Aldrich
syndrome protein affect protein expression
and dictate the clinical phenotypes.
Immunol Res. 2009;44(1-3):84-88.

3. Massaad MJ, Ramesh N, Geha RS. Wiskott-
Aldrich syndrome: a comprehensive review.
Ann N Y Acad Sci. 2013;1285:26-43.

4. Bosticardo M, Marangoni F, Aiuti A, Villa A,
Grazia Roncarolo M. Recent advances in
understanding the pathophysiology of
Wiskott-Aldrich syndrome. Blood. 2009;113
(25):6288-6295.

5. Imai K, Nonoyama S, Ochs HD. WASP
(Wiskott-Aldrich syndrome protein) gene
mutations and phenotype. Curr Opin
Allergy Clin Immunol. 2003;3(6):427-436.

6. Ochs HD, Filipovich AH, Veys P, Cowan MJ,
Kapoor N. Wiskott-Aldrich syndrome: diag-
nosis, clinical and laboratory manifestations,
and treatment. Biol Blood Marrow
Transplant. 2009;15(1 Suppl):84-90.

7. Albert MH, Bittner TC, Nonoyama S, et al.
X-linked thrombocytopenia (XLT) due to
WAS mutations: clinical characteristics,
long-term outcome, and treatment options.
Blood. 2010;115(16):3231-3238.

8. Notarangelo LD, Miao CH, Ochs HD.
Wiskott-Aldrich syndrome. Curr Opin
Hematol. 2008;15(1):30-36.

9. Sullivan KE, Mullen CA, Blaese RM,
Winkelstein JA. A multiinstitutional survey
of the Wiskott-Aldrich syndrome. J Pediatr.
1994;125(6 Pt 1):876-885.

10. Hacein-Bey Abina S, Gaspar HB, Blondeau
J, et al. Outcomes following gene therapy
in patients with severe Wiskott-Aldrich
syndrome. JAMA. 2015;313(15):1550-
1563.

11. Filipovich AH, Stone JV, Tomany SC, et al.
Impact of donor type on outcome of bone
marrow transplantation for Wiskott-Aldrich
syndrome: collaborative study of the
International Bone Marrow Transplant
Registry and the National Marrow Donor
Program. Blood. 2001;97(6):1598-1603.

12. Kobayashi R, Ariga T, Nonoyama S, et al.
Outcome in patients with Wiskott-Aldrich
syndrome following stem cell transplanta-
tion: an analysis of 57 patients in Japan. Br J
Haematol. 2006;135(3):362-366.

13. Buckley RH, Schiff SE, Schiff RI, et al.

Hematopoietic stem-cell transplantation for
the treatment of severe combined immun-
odeficiency. N Engl J Med. 1999;340(7):508-
516.

14. Ozsahin H, Cavazzana-Calvo M,
Notarangelo LD, et al. Long-term outcome
following hematopoietic stem-cell trans-
plantation in Wiskott-Aldrich syndrome:
collaborative study of the European Society
for Immunodeficiencies and European
Group for Blood and Marrow
Transplantation. Blood. 2008;111(1):439-
445.

15. Shin CR, Kim MO, Li D, et al. Outcomes fol-
lowing hematopoietic cell transplantation
for Wiskott-Aldrich syndrome. Bone
Marrow Transplant. 2012;47(11):1428-1435.

16. Moratto D, Giliani S, Bonfim C, et al. Long-
term outcome and lineage-specific
chimerism in 194 patients with Wiskott-
Aldrich syndrome treated by hematopoietic
cell transplantation in the period 1980-2009:
an international collaborative study. Blood.
2011;118(6):1675-1684.

17. Knutsen AP, Steffen M, Wassmer K, Wall
DA. Umbilical cord blood transplantation in
Wiskott Aldrich syndrome. J Pediatr.
2003;142(5):519-523.

18. Knutsen AP, Wall DA. Umbilical cord blood
transplantation in severe T-cell immunodefi-
ciency disorders: two-year experience. J Clin
Immunol. 2000;20(6):466-476.

19. Diaz de Heredia C, Ortega JJ, Diaz MA, et
al. Unrelated cord blood transplantation for
severe combined immunodeficiency and
other primary immunodeficiencies. Bone
Marrow Transplant. 2008;41(7):627-633.

20. Bhattacharya A, Slatter MA, Chapman CE,
et al. Single centre experience of umbilical
cord stem cell transplantation for primary
immunodeficiency. Bone Marrow
Transplant. 2005;36(4):295-299.

21. Jaing TH, Tsai BY, Chen SH, Lee WI, Chang
KW, Chu SM. Early transplantation of unre-
lated cord blood in a two-month-old infant
with Wiskott-Aldrich syndrome. Pediatr
Transplant. 2007;11(5):557-559.

22. Kaneko M, Watanabe T, Watanabe H, et al.
Successful unrelated cord blood transplanta-
tion in an infant with Wiskott-Aldrich syn-
drome following recurrent cytomegalovirus
disease. Int J Hematol. 2003;78(5):457-460.

23. Przepiorka D, Weisdorf D, Martin P, et al.
1994 Consensus Conference on Acute
GVHD Grading. Bone Marrow Transplant.
1995;15(6):825-828.

24. Shulman HM, Sullivan KM, Weiden PL, et
al. Chronic graft-versus-host syndrome in
man. A long-term clinicopathologic study of

20 Seattle patients. Am J Med. 1980;69(2):
204-217.

25. Comans-Bitter WM, de Groot R, van den
Beemd R, et al. Immunophenotyping of
blood lymphocytes in childhood. Reference
values for lymphocyte subpopulations. J
Pediatr. 1997;130(3):388-393.

26. Niehues T, Rocha V, Filipovich AH, et al.
Factors affecting lymphocyte subset recon-
stitution after either related or unrelated
cord blood transplantation in children -- a
Eurocord analysis. Br J Haematol. 2001;114
(1):42-48.

27. Gooley TA, Leisenring W, Crowley J, Storer
BE. Estimation of failure probabilities in the
presence of competing risks: new represen-
tations of old estimators. Stat Med.
1999;18(6):695-706.

28. Cox. Regression models and life tables. J R
Stat Soc. 1972;34:187.

29. Filipovich AH, Shapiro RS, Ramsay NK, et
al. Unrelated donor bone marrow transplan-
tation for correction of lethal congenital
immunodeficiencies. Blood. 1992;80(1):270-
276.

30. Lenarsky C, Weinberg K, Kohn DB,
Parkman R. Unrelated donor BMT for
Wiskott-Aldrich syndrome. Bone Marrow
Transplant. 1993;12(2):145-147.

31. Balashov D, Shcherbina A, Maschan M, et
al. Single-center experience of unrelated and
haploidentical stem cell transplantation with
TCRalphabeta and CD19 depletion in chil-
dren with primary immunodeficiency syn-
dromes. Biol Blood Marrow Transplant.
2015;21(11):1955-1962.

32. Gluckman E, Rocha V, Arcese W, et al.
Factors associated with outcomes of unrelat-
ed cord blood transplant: guidelines for
donor choice. Exp Hematol. 2004;32(4):397-
407.

33. Albert MH, Bittner T, Stachel D, et al.
Clinical Phenotype and long term outcome
in a large cohort of X-linked thrombocy-
topenia (XLT)/mild Wiskott-Aldrich-syn-
drome patients. Blood. 2008;112(11):40.

34. Buchbinder D, Nugent DJ, Fillipovich AH.
Wiskott-Aldrich syndrome: diagnosis, cur-
rent management, and emerging treatments.
Appl Clin Genet. 2014;7:55-66.

35. Rocha V, Gluckman E, Eurocord-Netcord
registry and European Blood and Marrow
Transplant Group. Improving outcomes of
cord blood transplantation: HLA matching,
cell dose and other graft- and transplanta-
tion-related factors. Br J Haematol.
2009;147(2):262-274.

36. Ballen KK. ATG for cord blood transplant:
yes or no? Blood. 2014;123(1):7-8.




