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Human leukocyte antigen (HLA)–identical
sibling bone marrow transplantation is an
effective treatment for Wiskott-Aldrich
syndrome. However, most children with
this disease lack such donors and many
patients receive transplants from alterna-
tive donors. This study compared out-
comes of HLA-identical sibling, other re-
lated donor, and unrelated donor
transplantation for Wiskott-Aldrich syn-
drome. The outcome of 170 transplanta-
tions for Wiskott-Aldrich syndrome, from
1968 to 1996, reported to the International
Bone Marrow Transplant Registry and/or
National Marrow Donor Program were as-
sessed. Fifty-five were from HLA-identi-
cal sibling donors, 48 from other rela-
tives, and 67 from unrelated donors.

Multivariate proportional hazards regres-
sion was used to compare outcome by
donor type and identify other prognostic
factors. Most transplant recipients were
younger than 5 years (79%), had a pre-
transplantation performance score greater
than or equal to 90% (63%), received
pretransplantation preparative regimens
without radiation (82%), and had non–T-
cell–depleted grafts (77%). Eighty per-
cent received their transplant after 1986.
The 5-year probability of survival (95%
confidence interval) for all subjects was
70% (63%-77%). Probabilities differed by
donor type: 87% (74%-93%) with HLA-
identical sibling donors, 52% (37%-65%)
with other related donors, and 71% (58%-
80%) with unrelated donors ( P 5 .0006).

Multivariate analysis indicated signifi-
cantly lower survival using related do-
nors other than HLA-identical siblings
(P 5 .0004) or unrelated donors in boys
older than 5 years ( P 5 .0001), compared
to HLA-identical sibling transplants. Boys
receiving an unrelated donor transplant
before age 5 had survivals similar to
those receiving HLA-identical sibling
transplants. The best transplantation out-
comes in Wiskott-Aldrich syndrome are
achieved with HLA-identical sibling do-
nors. Equivalent survivals are possible
with unrelated donors in young children.
(Blood. 2001;97:1598-1603)
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Introduction

Wiskott-Aldrich syndrome is a lethal hematologic disorder primar-
ily affecting the morphology and function of platelets and lympho-
cytes. This X-linked condition resulting from mutations in the

WASPgene at Xp11.221 has a worldwide distribution with an
estimated incidence of 4 per million live male births.2,3 In the 15
years since publication of the first of 3 retrospective reviews of the
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natural history of Wiskott-Aldrich syndrome in North America,
estimated median survival rose from 6.5 to 11 to 15 years of age.3-5

Causes of death, primarily infections and lymphoproliferative
disorders, did not change appreciably despite more widespread use
of splenectomy,4,5 intravenous immune globulin, and prophylactic
antibiotics. During this period, onlyPneumocystis cariniipneumo-
nia disappeared as a fatal complication.6 As boys with Wiskott-
Aldrich syndrome survive longer, they face increasing risks of
life-threatening autoimmune complications and Epstein-Barr virus
(EBV)–associated lymphoproliferative disease.

There are several published reports of the treatment of Wiskott-
Aldrich syndrome with hematopoietic stem cell transplantation
from human leukocyte antigen (HLA)–identical siblings.7 Ten- to
26-year follow-up confirms that many of these patients are cured.7,8

During the 1980s, several transplant centers investigated use of
T-cell–depleted haploidentical transplants from related donors for
Wiskott-Aldrich syndrome.9,10 Results were discouraging, with
high rates of graft rejection and fatal EBV-associated posttransplant
lymphoproliferative disease (PTLD). These data likely contributed
to the prevailing notion that transplantations from donors other
than HLA-identical siblings are very risky. However, several recent
case reports describe successful transplantations using closely
HLA-matched unrelated donors.11-14

This report, generated through the collaborative use of 2 large
observational databases, allows, for the first time, a multivariate
analysis of the impact of donor- and treatment-related variables
on the outcome of marrow transplantation for Wiskott-Aldrich
syndrome.

Patients, materials, and methods

Registries

The International Bone Marrow Transplant Registry (IBMTR) was founded
28 years ago to collect and analyze data on outcomes of allogeneic
hematopoietic stem cell transplantation on a voluntary worldwide basis.
Today more than 400 transplant centers prospectively register consecutive
transplantations and report comprehensive clinical data to the IBMTR to
facilitate multi-institutional analyses of transplantation outcomes. Staff of
the IBMTR Statistical Center at the Medical College of Wisconsin in
Milwaukee codify and validate patient data and perform biostatistical
analyses for investigators around the world. Based on periodic worldwide
surveys and data reported to the United States Centers for Disease Control
and Prevention, the IBMTR estimates it captures data on about 40% of
allogeneic transplantations worldwide.15-18

The National Marrow Donor Program (NMDP) was established in
Minneapolis, MN, in 1986 through a contract from the US Navy and
American Red Cross to facilitate recruitment and searches for closely
HLA-matched unrelated bone marrow donors in North America. Currently
operating under contract with the Health Resources and Services Adminis-
tration, the NMDP has expanded its scope of activities to a worldwide basis
and is responsible for collection, validation, and biostatistical analysis of
outcome data on the transplantations it facilitates.19

Patients

One hundred and seventy males receiving allogeneic bone marrow trans-
plants for Wiskott-Aldrich syndrome between 1968 and 1996 are included
in this report. Data for 125 patients were submitted to the IBMTR, and data
for 45 patients receiving transplants from unrelated donors were contrib-
uted by NMDP. Bone marrow transplantations were performed at 60 centers
worldwide. Forty-nine percent of transplantations were performed in US
centers. Twenty patients received more than one transplant, generally from
the same donor.

Statistical analyses

Complete ascertainment of recipient-, donor-, and transplant-related vari-
ables to be tested in univariate and multivariate analyses was attempted
through correspondence and personal communication between IBMTR and
NMDP staff and corresponding institutions. Donor type, recipient age at
transplantation, and year of transplantation were known for all cases;
pretransplantation infection status, degree of donor-recipient HLA match,
conditioning regimen, graft-versus-host disease (GVHD) prophylaxis, and
donor sex were available for 94% to 98% of cases, and pretransplantation
performance score for more than 91%. Comparisons of characteristics by
donor type used thex2 test for categorical and the Kruskal-Wallis test for
continuous variables. Probabilities of transplantation outcomes were calcu-
lated using the Kaplan-Meier product limit estimate. Univariate compari-
sons of survival used the log-rank test. Subsequently, multivariate analysis
using Cox proportional hazards regression was performed with time to
death as the end-point and donor relationship as the main effect to be tested.
The following covariates were also considered: age less than 5 years versus
more than 5 years, Lansky/Karnofsky performance score before transplan-
tation less than 90% versus more than 90%, infection just prior to
conditioning, donor-recipient HLA disparity (0-, 1-, or 2-antigen mismatch
defined by serologic typing as reported by the team), donor sex (male,
female), type of conditioning regimen (total body irradiation [TBI], no
TBI), type of GVHD prophylaxis (cyclosporine A [CsA], methotrexate
[MTX], CsA 1 MTX, or T-depletion6 other), year of transplantation
(, 1985, 1985–1989, 1990–1996). All variables were checked to ensure
that the assumption of the Cox model was valid using a time-dependent
covariate approach; first-order interactions were also considered.20 A
forward stepwise selection method with a significance level of 0.05 was
used to select variables for the final model. The score test was used to
determine if there were center-specific differences requiring adjustment.21

All analyses were done using PROC PHREG in SAS version 6.12.
Follow-up data also included testing for evidence of donor engraftment,

development of grade II to IV acute GVHD (in those surviving221 days
after transplantation), development of chronic GVHD (in those surviving
$ 90 days after transplantation), immune reconstitution, infection status,
and the transplant center’s assessment as to whether the patient was cured,
improved, or not improved. Functional “cure” refers to patients described
by the transplant center as cured or improved related to the underlying
Wiskott-Aldrich syndrome. Reasons for second transplantations and causes
of death were also summarized.

Results

Recipient-, donor-, and transplant-related variables

Characteristics of the 170 transplant recipients and donors are
described in Table 1. Most boys received their transplant before
their fifth birthday (79%), had a pretransplantation Lansky/
Karnofsky performance score of at least 90% (63%), and had no
serious infections in the 2 weeks before transplantation (76%).
Data on pretransplantation splenectomy were available in 107
patients, of whom 20 had prior splenectomy. Specific information
regarding pretransplantation lymphoma was available for 52 pa-
tients, of whom 5 had this complication. There were statistically
significant differences among the 3 donor groups with respect to
donor-recipient HLA match, GVHD prophylaxis, and year of
transplantation. Among recipients of grafts from related donors
other than HLA-matched siblings, more than half had donors
mismatched at 2 or more loci; most of these transplants were T-cell
depleted. In contrast, only one unrelated donor recipient pair was
mismatched at 2 loci, and most unrelated donors were A, B, and DR
(by serologic typing techniques for class I and molecular typing of
DRB1) matched with their recipients. Most transplantations from
unrelated donors were done in the 1990s. Median follow-up of
survivors was 42 months (range, 2-304).
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Most patients were prepared for transplantation without TBI.
Approximately one fourth of patients receiving transplants from
donors other than HLA-matched siblings received TBI. The most
common GVHD prophylaxis regimens used MTX or CsA or both,
accounting for 96% of HLA-matched sibling transplants, 40% of
other related donor transplants, and 83% of unrelated donor
transplants. None of the grafts from HLA-matched siblings, 54% of
those from other related donors, and 17% of those from unrelated
donors were T-cell depleted. The method of T-cell depletion was
specified for 24 of 26 T-cell–depleted transplants from related
donors other than HLA-matched siblings. Nineteen of these 24
grafts were depleted with methods resulting in extensive (. 3 log)
depletion (repeated E-rosetting with or without soybean lectin
agglutination [n5 11], or soybean lectin agglutination alone
[n 5 3], or in vitro Campath 1 followed by in vivo pan T-cell
antibody treatment [n5 5]), whereas 5 were depleted with anti–T-
cell monoclonal antibodies that generally provide less complete
T-cell depletion. Methods of T-cell depletion were available for 9 of
11 T-cell–depleted unrelated donor transplants. Two of these 9
grafts used extensive T-cell depletion and 7 used partial T-cell
depletion methods.

Transplantation outcomes

Engraftment. Information on engraftment was available for 154
of 159 patients surviving 28 or more days after transplantation.
Hematopoietic recovery after the first transplantation occurred in
46 of 51 HLA-matched sibling, 32 of 41 other related donor, and 62
of 62 unrelated donor transplant recipients. Data on donor-recipient
chimerism were available for 87 transplants; 27 of 29 HLA-
matched sibling, 24 of 32 other related donor, and 26 of 26

unrelated donor transplant recipients who were tested had docu-
mented donor cell engraftment after the first transplantation; 10 had
only recipient cells detected. One, 4, and 2 persons receiving
HLA-matching sibling, other related, and unrelated donor trans-
plants, respectively, had graft failure after initial hematopoi-
etic recovery.

GVHD. Grade II to IV acute GVHD occurred in 8 of 50 (16%)
evaluable children receiving HLA-identical sibling transplants, 14
of 46 (30%) receiving other related donor transplants, and 36 of 64
(56%) receiving unrelated donor transplants. Chronic GVHD
occurred in 4 of 47 (9%) evaluable children receiving HLA-
identical sibling transplants, 8 of 36 (22%) receiving other related
donor transplants, and 21 of 58 (36%) receiving unrelated donor
transplants. Of the 33 patients in the entire cohort who developed
chronic GVHD, 22 cases were reported as limited and 11 as
extensive. In 4 patients, chronic GVHD contributed to death (1
after an HLA-matched sibling transplantation and 3 after unrelated
donor transplantations). Among the 29 patients who survived after
developing chronic GVHD, chronic GVHD resolved in 22 (76%)
between 6 and 27 months after transplantation. The 7 patients with
active chronic GVHD at last contact include 1 patient with limited
disease after an HLA-matched sibling transplantation, 3 patients
surviving 37 to 95 months after transplantation from an other
related donor, and 3 patients surviving 7 to 24 months after
unrelated donor transplantation.

Second transplantations. Twenty patients received second
transplants: 16 for failure to engraft or graft failure, 2 for
myelodysplastic syndrome, 1 for persistent thrombocytopenia, and
1 for an unknown cause. Twelve are long-term survivors. Five of 20
patients had the same HLA-identical sibling donor for each

Table 1. Characteristics of 170 patients receiving allogeneic BMT for Wiskott-Aldrich syndrome

HLA-identical sibling donor
(n 5 55)

Other related donor
(n 5 48)

Unrelated donor
(n 5 67) P

Age at BMT, median (range), y 3 (, 1-16) 2 (, 1-17) 2 (, 1-32) , .05

Age at BMT .26

Younger than 1 y 13/55 (24%) 12/48 (25%) 9/67 (13%)

1-2 y 18/55 (33%) 26/48 (54%) 34/67 (51%)

3-4 y 10/55 (18%) 3/48 (6%) 9/67 (13%)

5-9 y 7/55 (13%) 3/48 (6%) 8/67 (12%)

10 y or older 7/55 (13%) 4/48 (8%) 7/67 (10%)

Lansky/Karnofsky performance score before BMT $ 90% 26/45 (58%) 28/47 (60%) 43/63 (68%) .48

Infection in the 2 wk before BMT 12/52 (23%) 16/48 (33%) 11/61 (18%) .18

Donor-recipient HLA mismatch , .001

0 antigen mismatch 55/55 (100%) 3/43 (7%) 43/62 (69%)

1 antigen mismatch NA 16/43 (37%) 18/62 (29%)

$ 2 antigen mismatch NA 24/43 (56%) 1/62 (2%)

Male donor 23/51 (45%) 32/48 (67%) 35/64 (55%) .10

Year of transplant , .001

1968-1979 5/55 (9%) 2/48 (4%) 0/67 (0%)

1980-1984 8/55 (15%) 10/48 (21%) 0/67 (0%)

1985-1989 13/55 (24%) 13/48 (27%) 3/67 (4%)

1990-1993 14/55 (25%) 19/48 (40%) 35/67 (52%)

1994-1996 15/55 (27%) 4/48 (8%) 29/67 (43%)

TBI for conditioning pretransplant 4/55 (7%) 11/45 (24%) 14/64 (22%) , .05

GVHD prophylaxis , .001

MTX 1 CsA 20/55 (36%) 14/48 (29%) 37/64 (58%)

MTX 6 other 19/55 (35%) 2/48 (4%) 3/64 (5%)

CsA 6 other 14/55 (25%) 3/48 (6%) 13/64 (20%)

T-cell depletion 6 other 0/55 (0%) 26/48 (54%) 11/64 (17%)

Other (non–T-cell depleted) or none* 2/55 (4%) 3/48 (6%) 0/64 (0%)

BMT indicates bone marrow transplant; HLA, human leukocyte antigen; TBI, total body irradiation; GVHD, graft-versus-host disease; MTX, methotrexate; CsA,
cyclosporine A.

*One patient with an HLA-identical sibling donor and 3 patients with other related donors received no GVHD prophylaxis.
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transplantation, of whom 4 are alive. Ten of 20 patients had a
related donor other than HLA-identical sibling for both transplanta-
tions, of whom 4 are alive. One of 20 patients is surviving after a
second transplantation from an HLA-matched sibling donor, follow-
ing graft failure after his first transplantation from an other related
donor. Two of 20 patients had an unrelated donor for both
transplants; 1 is alive. Two of 20 patients (1 with an HLA-matched
sibling donor and 1 with an other related donor for the first
transplant) are missing donor information for the second graft but
are still alive.

Survival. Overall 5-year probability of survival (95% confi-
dence interval [CI]) was 70% (63%-77%). Table 2 tabulates
univariate analyses of survival according to various patient and
transplant variables. The 5-year probabilities of survival were 87%
(74%-94%) with HLA-identical sibling donors, 52% (37%-65%)
with other related donors, and 71% (58%-80%) with unrelated
donors (P 5 .0006). Within donor type groups, statistically signifi-
cant univariate associations noted were (1) poorer survival with use
of T-cell depletion for other related donor transplants, and (2)
poorer survival in children older than age 5 years at time of
unrelated donor transplantation. Year of transplantation was not
associated with improved overall survival following HLA-identical
sibling transplantation or other related donor transplantation. The
5-year survival rate following HLA-identical sibling transplanta-
tion has remained at about 85% since the late 1960s, and at about
60% following other related donor transplantation since 1985.

Reliable 5-year survival estimates are not yet feasible for recipients
of unrelated transplants because most were done in the mid-1990s.

Results of multivariate analysis are shown in Table 3. Signifi-
cantly worse survival was associated with use of related donors
other than HLA-identical siblings, regardless of recipient age, and
with use of unrelated donors in patients over 5 years of age (Figure
1). There was not a significant difference in the risk of mortality
between HLA-matched sibling transplantations and transplanta-
tions in children younger than 5 years with an unrelated donor
(Figure 1). In multivariate analysis, neither pretransplantation
splenectomy, pretransplantation lymphoma, nor the use of T-cell
depletion was a significant independent variable.

Causes of death are listed in Table 4. Seven patients died after

Table 2. Probability of survival (95% confidence interval) 5 years after allogeneic BMT for Wiskott-Aldrich syndrome (univariate analyses)

Variable

HLA-identical sibling Other relative Unrelated donor

N Probability (95% CI) P N Probability (95% CI) P N Probability (95% CI) P

Donor 55 87 (74-94)% NA 48 52 (37-65)% NA 67 71 (58-80)% , .0006*

Age .22 .77 , .0001

No older than 5 years 41 90 (75-96)% 41 53 (37-67)% 52 84 (70-92)%

Older than 5 years 14 79 (47-93)% 7 38 (6-72)% 15 0

Lansky/Karnofsky performance score .20 .92

Below 90% 19 84 (58-95)% 19 41 (20-62)% 20 70 (45-85)%

At least 90% 26 96 (75-99)% 28 61 (40-76)% .20 43 71 (54-82)%

Infection pre-BMT .16 .13 , .04

No 40 84 (68-93)% 32 59 (41-74)% 51 71 (56-82)%

Yes 12 100% 16 35 (13-59)% 11 55 (23-80)%

Donor-recipient HLA match NA , .03 .98

0-1 antigen mismatched related 19† 74 (48-88)% —

At least 2 antigen mismatched related 24 36 (18-55)% —

0 antigen mismatched unrelated — 44 69 (52-81)%

1 antigen mismatched unrelated — 19‡ 68 (43-84)%

Donor sex .16 .09 .26

Male 23 95 (72-99)% 32 59 (40-74)% 35 65 (47-78)%

Female 28 82 (62-92)% 16 38 (15-60)% 30 75 (55-87)%

Year of BMT .81 .30 .87

Before 1985 13 85 (51-96)% 12 33 (10-59)% 0 —

1985-1989 13 92 (57-99)% 13 62 (31-82)% 3 67 (5-95)%

1990-1996 29 85 (65-94)% 23 57 (34-74)% 64 71 (58-81)%

Conditioning regimen .37 .46 .17

No TBI 51 88 (75-94)% 34 56 (38-71)% 50 73 (58-83)%

TBI 4 75 (13-96)% 11 36 (11-63)% 14 64 (34-83)%

GVHD prophylaxis .29 , .0002 .56

MTX 19 94 (67-99)% 2 0 3 33 (1-77)%

CsA 14 93 (59-99)% 3 100% 13 68 (36-87)%

CsA 1 MTX 20 80 (55-92)% 14 79 (47-93)% 37 69 (51-81)%

T-cell depletion 0 — 26 34 (16-52)% 11 82 (45-95)%

CI indicates confidence interval; BMT, bone marrow transplant; NA, not applicable; GVHD, graft-versus-host disease; TBI, total body irradiation; CsA, cyclosporine A; MTX,
methotrexate.

*Comparison of survival by donor type.
†Three donors phenotypically identical (0 antigen mismatch).
‡One donor-recipient pair mismatched for 2 antigens.

Table 3. Results of multivariate analysis of survival after 170 allogeneic BMTs
for Wiskott-Aldrich syndrome

Covariate RR of death 95% CI P

Donor type .0001*

HLA-identical sibling 1.00 —

Other related donor 4.62 (1.98, 10.77) .0004†

Unrelated donor-patient , 5 y of age 1.34 (0.50, 3.61) .56†

Unrelated donor-patient $ 5 y of age 11.82 (4.53, 30.88) .0001†

RR indicates relative risk; for other abbreviations, see Tables 1 and 2.
*Overall P value for effect of the categorical covariate using the Wald test.
†P value for pairwise comparison of specific category with the reference

(baseline) group.
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transplantations from HLA-identical siblings from a variety of
causes. With transplants from other related donors, infection and
new malignancy contributed to high mortality. The type of new
malignancy in all cases was PTLD. EBV was confirmed in 3 of 5
and not reported in the remaining 2 cases. Four of the 5 patients
with PTLD had received T-cell–depleted grafts. GVHD was the
most frequent primary cause of death after unrelated donor
transplantations. There were no cases of EBV-associated PTLD
reported in recipients of unrelated donor transplants. One recipient
of an unrelated transplant with mixed chimerism after transplanta-
tion developed acute myelogenous leukemia in host cells, which
contributed to his death.

Resolution of underlying disease and performance status

Information regarding posttransplantation status of Wiskott-
Aldrich syndrome was available for 77% of surviving patients (92
of 120 cases; Table 5). These subjective assessments on the part of
reporting institutions indicate that functional “cure” was achieved
in about 75% of patients receiving HLA-identical sibling and
unrelated donor transplants. A lower proportion of recipients of
other related donor transplant, only 12 of 21 (57%) surviving
patients, were reported as cured (P 5 .37). Among 90 patients alive
at last contact and with at least 2 years of follow-up, Lansky or
Karnofsky performance scores were available for 61 individuals at
least once between 2 and 14 years after transplantation. The lowest
reported performance score during that interval was 100% for 51
patients, 90% for 8 patients, 80% for 1 patient, and 20% for 1
patient. In summary, 59 of 61 (. 95%) reported a minimum
performance score greater than or equal to 90%.

Discussion

This analysis reviews outcomes of hematopoietic stem cell trans-
plantation for treatment of Wiskott-Aldrich syndrome in the current
era. Results with allogeneic transplantation for Wiskott-Aldrich
syndrome are among the best achieved for any disease treated with
stem cell grafting, rivaling those for good-risk patients with
acquired aplastic anemia fortunate enough to have healthy HLA-
identical sibling donors.22

Typically the diagnosis of Wiskott-Aldrich syndrome is consid-
ered within the first few years of life based on clinical criteria. It
can now be easily substantiated by quantitation of WASP in
hematopoietic cells and definitively diagnosed by mutational
analysis of theWASPgene. Although Wiskott-Aldrich syndrome
appears to be a monogenic defect, variability in severity of the
clinical syndrome in some families and, more recently, among
unrelated individuals with identical mutations in theWASPgene,
suggest that prognosis of a given patient is not predicted by
mutational analysis alone.23,24 Quantitative analysis of WASP
production in lymphoid cells, though the protein may be structur-
ally imperfect, appears to correlate more closely with clinical
severity.25

Although cure of Wiskott-Aldrich syndrome with allogeneic
stem cell transplantation has been recognized for many years,
reluctance to recommend transplantation persists on the part of
many hematologists and immunologists even when histocompat-
ible sibling donors are available. Previous publications reviewing
results with HLA-mismatched, especially T-cell–depleted, parental
grafts are viewed, not surprisingly, as discouraging.

Many physicians and families hold out hope for the prompt
availability of gene therapy. The current analysis offers a different
perspective. With the advent of extensive computerized registries
of unrelated donors of bone marrow worldwide, it is now possible
to identify closely HLA-matched donors for most boys with
Wiskott-Aldrich syndrome. The transplantation outcomes reported
here, when compared with contemporary reports of the natural
history of untransplanted Wiskott-Aldrich syndrome managed with
supportive care, engender optimism for this curative approach.
This analysis suggests that the late complication of chronic GVHD,
although more common after unrelated than matched sibling donor
transplantation, is predominantly limited in severity and resolves
completely in most affected children.

As one might predict, the best transplant results are obtained
when transplantation is undertaken with an HLA-matched
sibling donor and in young subjects. Donor cell engraftment is
predictable when closely HLA-matched unmanipulated grafts
from related or unrelated donors are used, without the need for
pretransplantation TBI. Other studies indicate that early mixed
chimerism is usually stable due to the survival advantage of
stem cells and hematopoietic precursors bearing the normal
Wiskott-Aldrich syndrome gene,26,27and may eventually progress

Figure 1. Probabilities of survival for 170 patients receiving bone marrow
transplants for Wiskott-Aldrich syndrome by donor type and age. There was not
a significant difference in the risk of mortality after HLA-matched sibling transplants
and after unrelated donor transplants in children younger than 5 years. Significantly
worse survival was associated with use of related donors other than HLA-identical
siblings, regardless of recipient age, and with use of unrelated donors in patients over
5 years of age.

Table 4. Causes of death after allogeneic BMT for Wiskott-Aldrich syndrome

Cause of death
HLA-identical
sibling donor Other relative Unrelated donor

Graft failure 1 4 1

Malignancy 0 5 1

GVHD 6 IPn 0 4 7

IPn 1 0 2

Infection 1 6 3

Organ failure 1 1 2

Hemorrhage 2 0 2

Unknown/Missing 1 3 2

IPn indicates interstitial pneumonitis; for other abbreviations, see Table 1.

Table 5. Assessment of Wiskott-Aldrich syndrome in survivors following
allogeneic BMT for Wiskott-Aldrich syndrome

Disease status
HLA-identical sibling

donor (n 5 48)
Other related donor

(n 5 25)
Unrelated donor

(n 5 47)

Cured 30 (73%) 12 (57%) 22 (73%)

Improved 8 (20%) 5 (24%) 8 (27%)

Unchanged 3 (7%) 1 (5%) 0 (0%)

Worse 0 (0%) 3 (14%) 0 (0%)

Not reported 7 4 17
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to full donor hematopoiesis in the peripheral compartment.
When extensive T-cell depletion of donor marrow is avoided,
there is little risk of early posttransplantation EBV-associated
PTLD as evidenced in this worldwide survey. Long-term risk of
lymphoproliferative disease is markedly decreased following
successful immune reconstitution after allogeneic transplanta-
tion when compared to the natural history of the disease.28

In this analysis, GVHD was responsible for about a quarter of
failures after alternative donor transplantation. Because clinical
GVHD has no demonstrated beneficial role with respect to durable
engraftment or cure of the disease, efforts to reduce its incidence
and severity (which do not compromise engraftment or seriously
delay immune reconstitution) are likely to further improve transplan-
tation results. Some promising approaches to accomplish this are
use of partial T-cell depletion of unrelated donor bone marrow and
new drugs for posttransplantation immune suppression such as
mycophenolate mofetil.

The mainstay of current alternative palliative care is splenec-
tomy and intravenous immune globulin,5,6 which provides freedom
from life-threatening hemorrhage in many, but not all, subjects for
months to years. Because most patients with Wiskott-Aldrich
syndrome have an inherent deficiency of antibody production to
polysaccharide antigens, splenectomy in this setting carries a
substantial risk of overwhelming pneumococcal sepsis unless

meticulous adherence to prophylactic antibiotics and intravenous
immune globulin is maintained. Boys who do not achieve safe
platelet counts by surgical or medical means are restricted from
many competitive athletic activities. Autoimmune complications of
Wiskott-Aldrich syndrome are currently managed by high-dose
aspirin (in patients with vasculitis who have normal platelet counts
after splenectomy), long-term corticosteroid therapy, or in extreme
cases, palliative organ transplantations for end-stage renal29,30 or
liver disease. At the opposite extreme, with the advent of reliable
intrauterine diagnosis of Wiskott-Aldrich syndrome, families may
terminate affected pregnancies31 without benefit of the knowledge
that early transplantation with a closely HLA-matched related or
unrelated donor has substantial potential for eradicating the dis-
ease. Successful outcomes have also been observed with use of
related and unrelated cord blood transplants for Wiskott-Aldrich
syndrome. Cord blood appears to be a reasonable alternative source
of hematopoietic stem cells for small, cytomegalovirus-negative
recipients, although a direct comparison of the relative efficacy of
unrelated cord blood versus unrelated bone marrow transplants has
not been reported for this disease. Finally, the use of gene therapy
in Wiskott-Aldrich syndrome is in preclinical development and
may play a greater role in the management of this disease in
future years.

References

1. Derry JM, Ochs HD, Francke U. Isolation of a
novel gene mutated in Wiskott-Aldrich syndrome.
Cell. 1994;78:635-644.

2. Somerville C, Forsyth KD. Wiskott-Aldrich syn-
drome: an immunodeficiency syndrome not rare
in Western Australia. Pediatr Allergy Immunol.
1993;4:65-72.

3. Perry GS, Spector BD, Schuman LM, et al. The
Wiskott-Aldrich syndrome in the United States
and Canada (1892–1979). J Pediatr. 1980;97:
72-78.

4. Sullivan KE, Mullen CA, Blaese RM, Winkelstein
JA. A multi-institutional survey of the Wiskott-Al-
drich syndrome. J Pediatr. 1994;125(6 pt 1):876-
885.

5. Mullen CA, Anderson KD, Blaese RM. Splenec-
tomy and/or bone marrow transplantation in the
management of Wiskott-Aldrich syndrome: long-
term follow-up of 62 cases. Blood. 1993;82:2961-
2966.

6. Litzman J, Jones A, Hann I, Chapel H, Strobel S,
Morgan G. Intravenous immunoglobulin, splenec-
tomy, and antibiotic prophylaxis in Wiskott-Aldrich
syndrome. Arch Dis Child. 1996;75:536-539.

7. Bortin MM, Bach FH, van Bekkum DW, Good RA,
van Rood JJ. 25th anniversary of the first suc-
cessful allogeneic bone marrow transplants.
Bone Marrow Transplant. 1994;14:211-212.

8. Rimm IJ, Rappeport JM. Bone marrow transplan-
tation for the Wiskott-Aldrich syndrome. Trans-
plantation. 1990;50:617-620.

9. Brochstein JA, Gillo AP, Ruggiero M, et al. Mar-
row transplantation from human leukocyte anti-
gen-identical or haploidentical donors for correc-
tion of Wiskott-Aldrich syndrome. J Pediatr. 1991;
119:907-912.

10. Fischer A, Friedrich W, Fasth A, et al. Reduction
of graft failure by a monoclonal antibody (anti-
LFA-1 CD11a) after HLA nonidentical bone mar-
row transplantation in children with immunodefi-
ciencies, osteopetrosis and Fanconi’s anemia: a
European Group for Immunodeficiency/European
Group for Bone Marrow Transplantation report.
Blood. 1991;77:249-256.

11. Filipovich AH, Shapiro RS, Ramsay KC, et al. Un-
related donor bone marrow transplantation for

correction of lethal congenital immunodeficien-
cies. Blood. 1992;80:270-276.

12. La Nasa G, Pizzati A, Ledda A, Vacca A, Arras M,
Contu L. Unrelated bone marrow transplantation
in a Wiskott-Aldrich syndrome patient sharing two
HLA-extended haplotypes with the donor.
Haematologica. 1996;81:178-181.

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

14. Filipovich AH. Stem cell transplantation from un-
related donors for correction of primary immuno-
deficiencies. Immunol Allergy Clin North Am.
1996;16:377-392.

15. Bortin MM, Horowitz MM, Rimm AA. Increasing
utilization of allogeneic bone marrow transplanta-
tion. Results of the 1988–1990 survey. Ann Intern
Med. 1992;116:505-512.

16. Graves EJ. Detailed diagnoses and procedures,
National Hospital Discharge Survey, 1989. Vital &
Health Statistics-Series 13: Data from the Na-
tional Health Survey. 1991;108:1-236.

17. National Hospital Discharge Survey for 1990 and
1991. U.S. Department of Health and Human
Services, Public Health Service, Center for Dis-
ease Control and Prevention. National Center for
Health Statistics. Hospital Care Statistics Branch,
6525 Belcrest Road, Hyattsville, MD 20782.

18. Silberman G, Crosse MG, Peterson EA, et al.
Availability and appropriateness of allogeneic
bone marrow transplantation for chronic myeloid
leukemia in 10 countries. N Engl J Med. 1994;
331:1063-1067.

19. Howe CWS, Radde-Stepaniak T. Hematopoietic
cell donor registries. In: Forman SJ, Thomas ED,
Blume K, eds. Hematopoietic Cell Transplanta-
tion, 2nd ed. Malden, MA: Blackwell Science;
1998:503-512.

20. Klein JP, Moeschberger ML. Survival Analyses:
Techniques for Censored and Truncated Data.
New York, NY: Springer-Verlag; 1997.

21. Andersen PK, Klein JP, Zhang MJ. Testing for
center effects in multi-center survival studies: a
Monte Carlo comparison of fixed and random ef-
fects tests. Stats Med. 1999;18:1489-1500.

22. Storb R, Etzioni R, Anasetti C, et al. Cyclophos-
phamide combined with antithymocyte globulin in
preparation for allogeneic marrow transplants in
patients with aplastic anemia. Blood. 1994;84:
941-949.

23. Schindelhauer D, Weiss M, Hellebrand H, et al.
Wiskott-Aldrich syndrome: no strict genotype-
phenotype correlations but clustering of missense
mutations in the amino-terminal part of the WASP
gene product. Hum Genet. 1996;98:68-76.

24. Villa A, Notarangelo L, Macchi P, et al. X-linked
thrombocytopenia and Wiskott-Aldrich syndrome
are allelic diseases with mutations in the WASP
gene. Nat Genet. 1995;9:414-417.

25. Stewart DM, Treiber-Held S, Kurman CC, Fac-
chetti F, Notarangelo LD, Nelson DL. Studies of
the expression of the Wiskott-Aldrich syndrome
protein. J Clin Invest. 1996;97:2627-2634.

26. Brunel V, Mozziconacci MJ, Sainty D, et al. Direct
evidence for dissociated megakaryocytic chimer-
ism in a Wiskott-Aldrich patient successfully al-
lografted. Br J Haematol. 1995;90:336-340.

27. Wengler G, Gorlin JB, Williamson JM, Rosen FS,
Bing DH. Nonrandom inactivation of the X chro-
mosome in early lineage hematopoietic cells in
carriers of Wiskott-Aldrich syndrome. Blood.
1995;85:2471-2477.

28. Neudorf SM, Filipovich AH, Kersey JH. Immu-
noreconstitution by bone marrow transplantation
decreases lymphoreticular malignancies in Wis-
kott-Aldrich and severe combined immune defi-
ciency syndromes. In: Purtilo DT, ed. Immune
Deficiency and Cancer; Epstein Barr Virus and
Lymphoproliferative Malignancies. New York, NY:
Plenum Press; 1984.

29. Fischer A, Binet I, Oertli D, Bock A, Thiel G. Fatal
outcome of renal transplantation in a patient with
the Wiskott-Aldrich syndrome. Nephrol Dial
Transplant. 1996;11:2077-2079.

30. Meisels IS, Strom TB, Roy-Chaudhury P, Abrams
J, Shapiro ME. Renal allograft rejection in a pa-
tient with the Wiskott-Aldrich syndrome. Trans-
plantation. 1995;59:1214-1215.

31. Watanabe C, Smart BA, Zhu O, Ochs HD. Carrier
detection and prenatal diagnosis of the Wiskott-
Aldrich syndrome [abstract]. Proc FASEB. 1998;
12:A920.

BMT FOR WISKOTT-ALDRICH SYNDROME 1603BLOOD, 15 MARCH 2001 z VOLUME 97, NUMBER 6


