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A large proportion of patients with mutations in the Wiskott-Aldrich syndrome
(WAS) protein gene exhibit the milder
phenotype termed X-linked thrombocytopenia (XLT). Whereas stem cell transplantation at an early age is the treatment of
choice for patients with WAS, therapeutic
options for patients with XLT are controversial. In a retrospective multicenter
study we defined the clinical phenotype
of XLT and determined the probability of
severe disease-related complications in

patients older than 2 years with documented WAS gene mutations and mild-tomoderate eczema or mild, infrequent infections. Enrolled were 173 patients
(median age, 11.5 years) from 12 countries spanning 2830 patient-years. Serious bleeding episodes occurred in 13.9%,
life-threatening infections in 6.9%, autoimmunity in 12.1%, and malignancy in 5.2%
of patients. Overall and event-free survival probabilities were not significantly
influenced by the type of mutation or

intravenous immunoglobulin or antibiotic
prophylaxis. Splenectomy resulted in increased risk of severe infections. This
analysis of the clinical outcome and molecular basis of patients with XLT shows
excellent long-term survival but also a
high probability of severe disease-related
complications. These observations will
allow better decision making when considering treatment options for individual
patients with XLT. (Blood. 2010;115(16):
3231-3238)

Introduction
In 1937 Wiskott described a clinical entity characterized by
thrombocytopenia, eczema, bloody diarrhea, and recurrent otitis
media in male infants. After rediscovery in 1954 by Aldrich as an
X-linked recessive disorder, it was designated the Wiskott-Aldrich
syndrome (WAS).1-3 X-linked thrombocytopenia (XLT), sometimes associated with mild eczema and/or infections, was recognized in the 1960s and was suspected to be a variant of WAS.4-6
This was confirmed when patients with XLT were shown to have
mutations in the Wiskott-Aldrich syndrome protein gene (WAS).7-9
WAS gene mutations result in 3 distinct clinical phenotypes:
classic WAS, XLT, and X-linked neutropenia,10,11 and a strong
genotype phenotype correlation has been suggested.12-15 Mutations
completely averting WAS protein (WASP) expression typically
lead to the classic phenotype. Missense mutations resulting in
expression of defective WASP, often in reduced quantity, most
often result in the XLT phenotype, sometimes with only intermittent thrombocytopenia.16 X-linked neutropenia is caused by gain of

function mutations resulting in constitutively activated WASP.17-19
There are however exceptions to these rules, making it difficult to
predict the clinical course of a male infant solely based on the type
of WAS gene mutation and its effect on WASP expression.
The classic WAS phenotype with microthrombocytopenia,
severe eczema, increased susceptibility to pyogenic and opportunistic infections, and increased risk of autoimmune disease and cancer
usually leads to death in early childhood or adolescence if left
untreated.10,20,21 Curative treatment by allogeneic hematopoietic
stem cell transplantation (HSCT) should be offered to all such
patients. The outcome is excellent if performed early in life from a
human leukocyte antigen–matched related or unrelated donor.10,22-24 Hematopoietic stem cell gene therapy might in the future
offer an alternative approach in patients lacking a suitable donor.25-27
Generally accepted treatment policies do not exist for patients
exhibiting the XLT phenotype, in whom HSCT would seem like an
excessively risky procedure if they have thrombocytopenia and
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eczema only. Although it has been assumed that patients with XLT
have a lower risk of cancer or autoimmunity than patients with
WAS, this has never been formally examined. Therefore, the
risk–benefit ratio for HSCT is not known in XLT.
In this multicenter study we assessed retrospectively the
spectrum of clinical phenotypes, the associated genotypes, and the
long-term outcome of the largest cohort of patients with XLT
studied so far.

Methods
Data accrual
Questionnaires were sent worldwide to major centers treating patients with
primary immunodeficiency diseases (PIDs), asking to enroll their patients
with the XLT phenotype and to provide data on the following disease
parameters: infections, eczema, thrombocytopenia, bleeding, malignancy,
autoimmunity, WAS gene mutation, WASP expression, and type and extent
of therapy. An alternative possibility was documentation online with the
same questionnaire in the European Society for Immunodeficiencies
registry (www.esid.org). Patient information was made anonymous by the
submitting physician. The study was approved by the ethics committee of
the University of Munich, Germany.

package that used the method by Gray.30 Other analyses used the 2 or
Fisher exact test and were accepted as significantly different at a level of
P less than .05.

Results
Study cohort

A total of 69 centers known to treat patients with PID were
contacted and 50 responded (72%). Of 213 completed forms,
representing 12 countries from 4 continents, 173 (171 male,
2 female) patients from 128 families and 21 centers with a median
age of 11.5 years (range, 2.0-74.6 years) fulfilled the inclusion
criteria, covering 2830 patient-years. The 2 female patients of our
XLT cohort had been reported previously, 1 with a homozygous
missense mutation and 1 with a heterozygous missense mutation
and skewed X-inactivation in favor of the mutated allele.31,32
Mutations in patients with XLT

All submitted patient data were evaluated, and patients were included as
study patients by consensual decision of a central review board (M.H.A.,
T.C.B., B.H.B., H.D.O.). To be enrolled into the final study, patients had to
fulfill all of the following criteria: (1) confirmed mutation within the WAS
gene; (2) classified by their treating physician as having XLT; (3) with or
without mild-to-moderate eczema or mild, infrequent infections not resulting in sequelae; (4) age older than 2 years; and (5) no severe infection,
autoimmunity, or malignancy within the first 2 years of life.
Bleeding events before the age of 2 years were no reason for exclusion
from the study. Older than 2 years, severe infections, the development of
autoimmunity, or malignancy was recorded and included in the analysis, but
it was no reason for exclusion from the study.
If patients underwent allogeneic HSCT, the transplantation was recorded as the last date of follow-up; the resulting events/outcome were not
part of this analysis.

We identified 62 unique mutations (Table 1), including 3 mutational hotspots, defined as affecting 10 or more nonrelated families
with either the identical mutation or a missense mutation affecting
the same amino acid. Two hotspots were located in exon 2 affecting
either a valine at position 75 (p.Val75Met or p.Val75Leu;
23 patients) or an arginine at position 86 (p.Arg86Gly, p.Arg86Cys,
p.Arg86His, or p.Arg86Leu; 33 patients). The third hotspot mutation, located in intron 6 (c.559 ⫹ 5G⬎A) was found in 15 patients.
Thus 41% of all patients had a hotspot mutation.
The majority of mutations was located in exon 1 (10% of all
patients) and exon 2 (54%). Most mutations were missense (69% of
all patients), followed by splice site mutations (19%), deletions
(5%), insertions (3%), nonsense mutations (2%), and no-stop
mutations (1%; supplemental Figure 1, available on the Blood Web
site; see the Supplemental Materials link at the top of the online
article). With few exceptions, patients with missense and splice site
mutations expressed WASP in reduced quantity or in truncated
form (Table 1).

Definitions

Survival

Life-threatening infections were defined as requiring hospitalization such as
sepsis, meningitis, or pneumonia needing oxygen supply or mechanical ventilation. Serious bleeding was defined as a fatal or life-threatening bleeding episode
resulting in hospitalization or red blood cell transfusion. Other serious complications were a diagnosis of autoimmunity, malignancy, or death. If a patient
experienced more than 1 serious event, only the first event was registered for the
analysis of event-free survival. Severity of thrombocytopenia was defined as
follows: less than 20.0 ⫻ 109/L (20 000/L) was severe, 20.0 to 50.0 ⫻ 109/L
(20 000 to 50 000/L) was moderate, and greater than 50.0 ⫻ 109/L (50 000/L)
or cyclic was mild. All patients with normal or reduced levels of WASP
detectable by Western blot or fluorescence-activated cell sorting were designated
as WASP positive; those with truncated (by Western blot) or undetectable protein
were categorized as WASP negative. Intravenous immunoglobulin (IVIG) or
antibiotic (AB) prophylaxes were defined as having had IVIG or prophylactic
ABs more than once for any period of time.
Mutations are reported according to the current nomenclature of the
Human Genome Variation Society (www.hgvs.org).28

Without curative treatment classic WAS results in premature death,
often during childhood.21,33 Patients with XLT are expected to have
a better prognosis. To verify this perception, we defined the
probability of survival in our cohort of patients with XLT.
Overall survival was excellent with 97% (95% confidence
interval [95% CI], 95%-100%), 96% (95% CI, 91%-100%), 81%
(95% CI, 66%-97%), and 81% (95% CI, 66%-97%) at 15, 30, 45,
and 60 years, respectively, and only slightly reduced compared
with the survival curve of the normal male German population34
(Figure 1A). However, survival probability without having experienced a severe disease-related event was less favorable with 74%
(95% CI, 65%-82%), 56% (95% CI, 43%-70%), 36% (95% CI,
20%-53%), and 27% (95% CI, 10%-44%) at 15, 30, 45, and
60 years, respectively (Figure 1B).
Thus the excellent survival in patients with XLT is associated
with a high rate of severe disease-related events throughout life.

Patients

Statistical analysis
Kaplan-Meier survival estimates and cumulative incidence rates were
compared with the use of the log-rank test (Prism; GraphPad Software Inc).
Cumulative incidence for different events adjusting for competing risks was
estimated with the use of the statistics language R29 with the cmprsk

Incidence of severe disease-related events

To better define the nature and occurrence of severe disease-related
events, we analyzed the cumulative incidence rate of these events
separately.
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Table 1. WAS gene mutations in patients with XLT
Exon

Coding DNA
mutation

Predicted protein
change

Mutation type

Pt*

Fam† Origin

WASP expression
(no. of pt)

Score
(no. of pt)

1
1
1
1
1
1
1
2

c.G5C
c.G18A
c.C71T
c.C79T
c.88_90delCAC
c.G91A
c.T116C
c.C134T

p.Ser2Thr
p.Met6Ile
p.Ser24Phe
p.Leu27Phe
p.His30del
p.Glu31Lys
p.Leu39Pro
p.Thr45Met

Missense
Missense
Missense
Missense
Deletion
Missense
Missense
Missense

1
2
2
1
5
1
6
13

1
1
2
1
2
1
4
8

Fr
JPN
US (1), JPN (1)
US
UK (4), Ger (1)
Italy
US (3), Italy (2), Ger (1)
JPN (4), US (2), Ger (1),

ND
Reduced (2)
Reduced (1), ND (1)
Reduced
Reduced (3), ND (2)
Absent
Reduced (5), absent (1)
Reduced (6), absent (1),

2
1, 235M
1, 235A
1
1(4), 2
235A
1, 135A/M, 2(4)
1(6), 135A, 2(4),

2
2
2
2
2
2
2
2
2

c.C140A
c.A142G
c.C143T
c.C167T
c.C172A
c.C172G
c.C173G
c.G199A
c.G223A

p.Ala47Asp
p.Thr48Ala
p.Thr48Ile
p.Ala56Val
p.Pro58Thr
p.Asp58Ala
p.Pro58Arg
p.Glu67Lys
p.Val75Met

Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense
Missense

1
1
1
5
2
1
3
1
22

1
1
1
4
1
1
1
1
16

UK (1), Sw (5)
US
JPN
US
US (3), Italy (1), JPN (1)
US
US
Italy
Fr
Fr (6), UK (5), US (5),

ND (6)
Reduced
Reduced
Reduced
Reduced (4), ND (1)
Normal (2)
Reduced
Reduced (2), ND (1)
Reduced
Normal (1), reduced (10),

235A /B (2)
2
2
135M
1(3), 135A, 2
1, 2
235A/M
1, 135M, 2
2
1(6), 135A,

Ger (2), JPN (2),

absent (3), ND (8)

2(14), 235A

2
2
2
2
2
2
2
2

c.G223T
c.A227C
c.G229C
c.A230G
c.A239G
c.248insA
c.C256G
c.C256T

p.Val75Leu
p.Lys76Thr
p.Asp77His
p.Asp77Gly
p.Gln80Arg
p.Tyr83X
p.Arg86Gly
p.Arg86Cys

Missense
Missense
Missense
Missense
Missense
Insertion
Missense
Missense

1
2
1
2
1
1
1
24

1
2
1
1
1
1
1
18

Sp (1), Italy (1)
US
US
Italy
Italy
Rus
Fr
US
US (10), Ger (6), JPN (3),

2

c.G257A

p.Arg86His

Missense

7

7

UK (3), Italy (1), Sw (1)
ND (12)
JPN (2), Fr (1), Ger (1),
Reduced (4), absent (1),

2(12), 235A
135A, 2(4),

2
2
2
3
3
3
4
4
5
6
7
7
9

c.G257T
c.A263G
c.G266A
c.A320G
c.326_330insC
c.G355A
c.dup355_361
c.G399T
c.G505T
c.G538A
c.C707G
c.A724T
c.854_855insG

p.Arg86Leu
p.Tyr88Cys
p.Gly89Asp
p.Tyr107Cys
p.Thr111HisfsX9
p.Gly119Arg
p.Asp121insGD
p.Glu133Asp
p.Asn169X
p.His180Asn
p.Ala236Gly
p.Ser242Cys
p.Thr286AspfsX1

Missense
Missense
Missense
Missense
Insertion
Missense
Insertion
Missense
Nonsense
Missense
Missense
Missense
Insertion

1
1
1
1
1
1
1
1
1
1
1
1
2

1
1
1
1
1
1
1
1
1
1
1
1
1

Isr (1), Rus (1), US (1)
US
NL
UK
US
US
NL
JPN
US
JPN
Italy
Italy
NL
UK

ND (2)
Absent
ND
Normal
Reduced
Absent
ND
Absent
Reduced
Reduced
Reduced
Absent
ND
Reduced and truncated

235A(2)
2
235A
1
2
2
1
2
2
235M
1
1
1
1(2)

9
10
10
10
10
10
10
11
11
12
12
12
Int 3
Int 3
Int 4

c.A919G
c.C961T
c.983_984delC
c.991insA
c.1073_1074delGA
c.1079delC
c.C1090T
c.G1430A
c.T1442A
c.G1453A
c.A1454G
c.G1508C
c.360⫹1G⬎A
c.361-1G⬎A
c.关463⫹1_463⫹8del;

p.Met307Val
p.Arg321X
Multiple products
p.Gly334X
p.Gly358AlafsX135
p.Pro360HisfsX84
p.Arg363X
p.Arg477Lys
p.Ile481Asn
p.Asp485Asn
p.Asp485Gly
p.X503SerextX76
p.Ala92_Asp120del
p.fsX201
p.fsX178/fsX251

Missense
Nonsense
Deletion
Insertion
Deletion
Deletion
Nonsense
Missense
Missense
Missense
Missense
No-stop
Splice (donor site)
Splice (acceptor site)
Splice (donor

1
1
1
1
1
2
2
1
2
1
3
2
1
1
1

1
1
1
1
1
2
1
1
1
1
1
1
1
1
1

Ger
JPN
US
US
US
Ger, JPN
Fr
Sp
Italy
US
Sp
US
JPN
US
JPN

(1), absent (1)
ND
Absent
Reduced and truncated
Absent
Reduced and truncated
Reduced (1), absent (1)
ND (2)
Reduced
Normal (1), reduced (1)
Reduced
ND (3)
Absent (1), ND (1)
Reduced
Reduced
Reduced

2
235M
2
2
2
2(2)
2(2)
2
1(2)
235A
1(3)
2(2)
2
2
2

Int 6

464-3_464-2insG兴
c.559⫹5G⬎A

70% fsX190/30% normal

⫹acceptor site)
Splice (donor site)

15

11

US (9), Ger (2), JPN (3),

Reduced (12), absent

1(6), 135M,

1
1
2
1
1
1
1

UK (1)
Ger
UK
Australia, US
Italy
UK
JPN
JPN

(1), ND (2)
ND (4)
Reduced (3)
Absent (1), ND (1)
Reduced (2)
Reduced
Reduced
Reduced (2)

2(6), 235A(2)
2 (3), 235A
1(3)
1, 2
1, 2
1
1
235A(2)

Int 7
Int 7
Int 8
Int 8
Int 8
Int 9
Int 11

c.734⫹5G⬎A
c.735-25A⬎C
c.777⫹1G⬎A
c.777⫹3insT
c.778-6G⬎A
c.(931_932)ins250
c.(1484_1485)ins118

ND
ND
p.fsX246
ND
ND
ND
Normal and abnormal splice

Splice (donor site)
Splice (acceptor site)
Splice (donor site)
Splice (donor site)
Splice (acceptor site)
Splice site
Splice site

4
3
2
2
1
1
2

ND
Reduced (1), ND (1)
Reduced
Reduced (2)
Reduced
ND
Reduced
Normal (3), reduced (9),

2
2(2)
1
1, 2
2
2
235A
1(10), 135M,

products
Pt indicates number of patients with the respective mutation; Fam, number of families with the respective mutation; 135, WAS score progressing from 1 to 5 because of
either A, autoimmunity, or M, malignancy; Fr, France; ND, not done; JPN, Japan; US, United States of America; UK, United Kingdom; Ger, Germany; Sw, Sweden; Sp, Spain;
Rus, Russia; Isr, Israel; and NL, The Netherlands.
*There was a total of 173 patients.
†There was a total of 128 families.
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Figure 1. Overall and eventfree survival. (A) Kaplan-Meier
estimate of overall survival
probability of all study patients
compared with survival of the
normal German male population 2006.34 (B) Event-free survival probability. Event was defined as a severe or fatal
infection, severe or fatal bleeding, autoimmunity, malignancy,
or death. Each hash mark on a
graph line indicates a censored
event; # at risk, number of patients at risk at indicated time
point.

Median event-free survival was 10.2 years (range, 0.1-73.9
years). A total of 86 events in 47 patients were reported, some of
them occurring in different event categories in the same patient
(detailed in Table 2). Cumulative incidences for each event
Table 2. Disease-related events

Infections*
Pneumonia
Bacterial meningitis
Sepsis
Gastrointestinal (salmonellosis)
Orchitis
Tuberculosis
No. of events
No. of patients
Bleeding§
ICH㛳
Gastrointestinal
Ear/nose/throat
Pulmonary
Traumatic, not ICH
Retinal
No. of events
No. of patients
Autoimmunity¶
Nephropathy
AIHA
Vasculitis
ITP
Arthritis
Colitis
No. of events
No. of patients
Malignancy#
Lymphoma/EBV-LPD
MDS
Spinalioma
Seminoma
ALL
Pancreatic cancer
No. of events
No. of patients

Total events

Fatal events

6
4
4
1
1
1
17†
12

0
0
2
1
0
0
3‡
3

18
6
4
2
2
1
33
24

3
1
0
1
0
0
5
5

9
6
3
4
3
1
26
21

0
0
0
0
0
0
0
0

4
1
2
1
1
1
10
9

1
0
0
0
0
1
2
2

ICH indicates intracranial hemorrhage; AIHA, autoimmune hemolytic anemia;
ITP, immune thrombocytopenic purpura; ALL, acute lymphoblastic leukemia; EBVLPD, Epstein-Barr virus–associated lymphoproliferative disease; and MDS, myelodysplastic syndrome.
*Three patients had more than 1 infectious event.
†Eight events were in patients who had undergone a previous splenectomy.
‡Two events were in patients who had undergone a previous splenectomy.
§Four patients had more than 1 bleeding episode.
㛳Fifteen were spontaneous, 3 were traumatic.
¶Three patients had more than 1 autoimmune disease.
#One patient had 2 malignancies.

category are detailed separately in Figure 2. If events were
analyzed honoring other events as competing, the cumulative
incidences were slightly lower because later events in the same
patient were ignored (data not shown).
Life-threatening infections occurred at a median age of
24.8 years (range, 2.0-73.9 years), 3 of which were fatal. There was
no discernible effect of patient age on the incidence of infectious
events (Figure 2A). In contrast, all but 1 serious hemorrhage occurred
before the age of 30 years, at a median age of 5.7 years (range, 0.174.6 years; Figure 2B). Most serious bleeding events (18 of 33) were
intracranial hemorrhages. Five bleeding episodes were fatal at a median
age of 4.9 years (range, 2.0-74.6 years). There was no correlation
between the recorded platelet counts and the incidence of severe or fatal
bleeding, which was 12.5% in mild, 9.7% in moderate, and 18.4% in
severe thrombocytopenia (P ⫽ .31). Autoimmune nephropathy and
hemolytic anemia were the most frequent autoimmune manifestations;
the former occurring more frequently in Japanese patients than in
patients from other countries (5 of 28 vs 4 of 145; P ⫽ .006). In general,
autoimmune diseases were not significantly more frequent in Japanese
patients (5 of 28 vs 16 of /145; P ⫽ .34). Autoimmunity was not
restricted to adult patients but occurred at all ages with a median of 12.2
years (range, 4.9-56.0 years; Figure 2C). Malignancies developed at a
median age of 34.0 years (range, 7.8-74.0 years; Figure 2D), half (5 of
10) of which were of lymphoid origin. Two patients died of their
malignancies, 2 more went on to have HSCT and died of transplantationrelated causes and 2 died of other complications.
In conclusion, with the exception of severe bleeding, which
seems to be limited to the first 3 decades of life, a relatively high
rate of life-threatening or fatal disease-related events was observed
in XLT at all ages.
Influence of WAS gene mutation, protein expression, IVIG, or
AB prophylaxis on overall and event-free survival

Because some patients with XLT have a largely uneventful course
of disease and a normal life expectancy and others have severe or
even fatal complications at any age, we asked whether individual
WAS gene mutations, the presence or absence of WASP, or the
prophylaxis with ABs and intravenous immunoglobulin had any
influence on outcome.
WASP expression, if assessed, was detectable in 98 patients and
absent in 21. Presence or absence of WASP had no influence on
overall and event-free survival in patients with the XLT phenotype
(Figure 3A). Similarly, there was no significant effect on the
incidence of disease-related events (data not shown). The same was
true when the influence of IVIG prophylaxis (n ⫽ 39) was analyzed in comparison to patients having never received IVIG
(n ⫽ 134; Figure 3B). AB prophylaxis had no positive influence on
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Figure 2. Cumulative incidence rate of severe events.
Cumulative incidence of (A) severe or fatal infectious
episodes in the study cohort, (B) severe or fatal bleeding
episodes, (C) autoimmune disease, and (D) malignancy,
compared with cancer incidence in the US male population.35 Each hash mark on a graph line indicates a
censored event, # at risk, number of patients at risk at
indicated time point.

outcome (Figure 3C). Patients with hotspot mutations had no
different overall and event-free survival and event incidences
compared with others (data not shown).
In summary none of the tested outcome variables were of
significance in this cohort of patients with XLT selected on the
basis of their mild phenotype.
Influence of splenectomy on infections and bleeding episodes

Splenectomy in patients with XLT/WAS usually leads to a sustained increase in platelet counts and is considered an effective
measure to control the bleeding predisposition. Therefore, splenectomy has been recommended by some investigators for patients
with WAS and patients with XLT.36,37
A total of 41 patients (23.7%) underwent splenectomy at a
median age of 7.02 years (range, 0.8-43.0 years). The indication for
splenectomy was not reported, but 7 of these 41 patients had
experienced a severe bleeding episode before splenectomy, and
28 of 41 patients had had severe thrombocytopenia. All 13 patients
in whom postsplenectomy platelet counts were available had
experienced an increase in platelet numbers, 7 having counts
greater than 100.0 ⫻ 109/L (100 000/L). In the 2 patients who
experienced a severe bleeding event after splenectomy, platelet
counts were not reported. Therefore, it cannot be excluded that
these 2 patients may have had low counts despite splenectomy. The
overall cumulative incidence rate of serious bleeding events in
these patients after splenectomy compared with before splenectomy was reduced although not significantly (P ⫽ .15). However,
there was a significantly higher incidence of severe infectious
events after splenectomy than before (P ⫽ .005). This might
possibly be due to negligent AB prophylaxis in some patients. Of
the 9 patients who did not receive AB prophylaxis, 3 had a severe
(1 fatal) infection up to 53 years after splenectomy. This compared
unfavorably, however not statistically significant, to patients who
underwent splenectomy with AB prophylaxis in whom only 5 of
32 (1 fatal) had such an event (P ⫽ .34). Overall survival in

patients who underwent splenectomy was not significantly different from patients not undergoing splenectomy (data not shown).
These data indicate that patients with XLT who underwent
splenectomy are at significant risk of severe infections and require
life-long AB prophylaxis.

Discussion
WAS is a multifaceted disorder with a wide spectrum of disease
severity. In contrast to classic WAS, patients with a mild clinical
phenotype, termed XLT, require comprehensive assessment in
deciding on the strategy to provide optimal treatment. This is true
for children who often present with selective microthrombocytopenia and have an uncertain long-term prognosis at a time when they
are excellent candidates for allogeneic HSCT.23,24 Similarly, adult
patients with XLT who often are wrongly categorized as having
chronic immune thrombocytopenic purpura and who may already
have developed complications such as autoimmunity pose unique
therapeutic challenges. This retrospective study was designed to
better define the type of mutations and the clinical course of
patients with XLT and to collect supportive evidence for optimal
treatment choices.
The design of such a study requires a stringent definition of
inclusion and exclusion criteria. The WAS scoring system has been
used successfully in categorizing patients according to their disease
severity.10,11 However, an individual patient is not expected to keep
the same score throughout his or her life. Progression from a score
of 1 to 4 to a score of 5 by developing cancer or autoimmunity can
occur at any age, and patients with classic WAS often present with a
relatively mild phenotype during infancy. We, therefore, chose
inclusion criteria that best reflect the situation when patients with
XLT/WAS present in an immunodeficiency clinic. In addition to the
classification as XLT by physicians experienced in treating patients
with PIDs, we deliberately chose stringent criteria to prevent the
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Figure 3. Influence of WASP expression, IVIG, or AB prophylaxis on overall and event-free survival. Kaplan-Meier estimate of overall survival and event-free survival
probability of (A) WASP-positive (n ⫽ 98, dotted line) and WASP-negative (n ⫽ 21, solid line) patients. (B) Patients receiving any IVIG prophylaxis (n ⫽ 39, solid line) or no
IVIG prophylaxis (n ⫽ 134, dotted line) and (C) patients receiving any AB prophylaxis (n ⫽ 16, solid line) or no AB prophylaxis (n ⫽ 116, dotted line). Patients who underwent
splenectomy were excluded from the analysis in panel C. Each hash mark on a graph line indicates a censored event.

inclusion of patients with classic WAS with few disease symptoms
as may be the case during the first 2 years of life. One possible
drawback of this study could be its retrospective, cross-sectional
design. It is probable that some events took place when medical
care differed from that of today. Naturally, the study design might
encompass a bias by some confounding factors such as patient
compliance, physician preference, choice of prophylactic measures, and availability of HSCT. We can also not exclude some
selection bias, missing very mild cases that are undiagnosed or
misdiagnosed and not referred to an immunology center. But some
older patients in this study had lived an uneventful life, before
being diagnosed as XLT because their brothers, nephews, or
grandsons were discovered to have a WAS gene mutation. Of note,
the outcome of these older relatives did not differ from that of the
rest of the cohort (data not shown). At this time the retrospective
study design seems to be the only possible means to assess the
clinical characteristics of a large cohort of patients with XLT.
Having established this database of patients with XLT, we now
have the opportunity to prospectively follow their course of
disease.
Only 17.6% of evaluable patients with XLT from this cohort
lacked WASP expression. In contrast, the proportion of WASPnegative patients from a multinational cohort of patients with
WAS/XLT with known WAS mutations was 57% (104 of 184).15

Some patients may in fact express WASP because the methods used
to assess expression, such as Western blot analysis, might not be
sensitive enough to detect low protein levels. This possibility is
supported by the fact that 10 patients who were WASP negative had
mutations (missense and invariant splice site) expected to result in
WASP expression. In this selected cohort of patients with XLT, the
clinical outcome of patients who did not express WASP was not
different from patients who expressed WASP. Similarly, we did not
find any beneficial effect of IVIG or AB prophylaxis on overall and
event-free survival or on the incidence of life-threatening infectious events. These results have to be interpreted with caution, and
a possible beneficial effect of these measures cannot be ruled out
because data on AB and IVIG prophylaxis were very heterogeneous about dose and duration of treatment. They might solely
reflect the fact that, by definition, most patients with XLT can
mount effective antibody responses and therefore do not need IVIG
or AB prophylaxis. It is possible that the initiation of these
prophylactic measures might have been triggered by slightly more
severe disease symptoms.33
In this cohort of 173 patients, 108 (62%) had missense
mutations in the first 4 WAS exons; the remaining 38% (including
11 patients with missense mutations in exons 6-12) were spread
over the entire gene, including 19% in noncoding regions. This is in
line with previous reports of XLT.13-15,33 We could not detect any
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influence of the type of mutation on survival or on the incidence of
specific disease-related events. A mild phenotype despite a deleterious mutation might be due to other disease-modifying genes,
pathogen exposure, or somatic mosaicism caused by in vivo
reversion, leading to some WASP expression and thus a milder
phenotype. Reversion is an event quite frequent in WAS,38,39 but it
was not specifically analyzed in this cohort.
Forty-one patients (23.7%) had undergone splenectomy, reflecting the acceptance of splenectomy by some health care providers to
reduce the risk of bleeding and thus improve quality of life in
patients with XLT.37,40 Interestingly, there was only a nonsignificant reduction of severe bleeding episodes after splenectomy,
possibly because of the low overall incidence that decreased with
age. However, the incidence of severe infections was significantly
increased, especially in patients not receiving AB prophylaxis.
These data suggest that, before splenectomy in patients with XLT,
one needs to carefully weigh the pros and cons of this procedure. If
performed, that is, in patients with recurrent episodes of serious
bleeding, the family must understand the risk of infections and be
willing to accept the need for AB prophylaxis. In addition,
vaccination against pneumococci and meningococci has to be
considered, given the fact that most patients with XLT can be
effectively immunized.33 The high incidence of severe infectious
complications after splenectomy, including adult patients, highlights the importance of lifelong AB prophylaxis in patients with
XLT who have undergone splenectomy.
The excellent overall survival rate that is close to that of the
normal male population supports the perception that XLT is a mild,
chronic disease and that, as a rule, patients with XLT do not require
standard prophylactic interventions. Declining immune function
has been observed in XLT, and defective antibody responses may
require prophylactic measures such as IVIG in some patients.
However, the reduced event-free survival shows substantial risks of
severe, life-threatening or potentially debilitating disease-related
complications. The cumulative incidence rate analysis of events
showed that serious bleeding episodes were generally restricted to
the first 30 years of life. In contrast, the risk of developing
autoimmune disease, developing malignancy, or having a lifethreatening infectious episode was rather constant throughout the
patients’ lifetime. The prevalence of autoimmunity is 12% in our
cohort, suggesting that this complication is less common than in
classic WAS whereby it was reported to be as high as 40% to
72%.20,41,42 Interestingly, we found a significantly higher incidence
of autoimmune nephropathy in Japanese patients. Similarly, the
prevalence of malignancy was less in our XLT cohort (5%) than in
classic WAS (13%).20,43 Considering the higher mean age of
patients with XLT compared with patients with classic WAS who
have not received a transplant, these differences are even more
significant.
The persistent morbidity associated with XLT might argue for
HSCT as a treatment option for these patients. Given the excellent
success in young children with classic WAS,23,24 HSCT might be
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considered a viable option for patients with XLT if an human
leukocyte antigen–identical donor can be identified. However,
when discussing HSCT, which requires full conditioning in patients
with WAS and patients with XLT, one needs to carefully weigh the
advantage of a possible cure against the acute risks and long-term
consequences of this procedure, such as risk of secondary malignancy and infertility. Thus, HSCT in XLT has to be decided on an
individual patient basis. In our cohort 25 of 173 patients underwent
HSCT at a median age of 7.3 years (range, 2.1-38.0 years) and
22 (88%) are alive after a median follow-up of 2.2 years (range,
0.0-12.1 years). Of note, more than half of the patients received
their transplant at an age older than 5 years, when matched
unrelated transplants in WAS may have a less favorable outcome.23
Long-term studies of HSCT in patients with XLT, not available at
present, are urgently needed.
Because patients with XLT may present to different medical
specialists, it seems vital to raise awareness of this probably
underdiagnosed or misdiagnosed condition. Although this study
showed a high overall survival rate of patients with XLT, it also
showed that they are at risk of life-threatening complications. By
defining the natural course of XLT and recognizing the life-long
medical problems that affect the prognosis and quality of life of
these patients, it has become possible to select safe and effective
individualized therapies for this unique set of patients with
mutations of the WAS gene that are generally expected to be less
devastating.
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1. Wiskott A. Familiärer, angeborener Morbus
Werlhofii? Montasschr Kinderheilkd. 1937;68:
212-216.
2. Aldrich RA, Steinberg AG, Campbell DC. Pedigree demonstrating a sex-linked recessive condition characterized by draining ears, eczematoid
dermatitis and bloody diarrhea. Pediatrics. 1954;
13(2):133-139.
3. Binder V, Albert MH, Kabus M, Bertone M, Meindl

A, Belohradsky BH. The genotype of the original
Wiskott phenotype. N Engl J Med. 2006;355(17):
1790-1793.
4. Canales ML, Mauer AM. Sex-linked hereditary
thrombocytopenia as a variant of Wiskott-Aldrich
syndrome. N Engl J Med. 1967;277(17):899-901.
5. Murphy S, Oski FA, Gardner FH. Hereditary
thrombocytopenia with an intrinsic platelet defect.
N Engl J Med. 1969;281(16):857-862.

6. Vestermark B, Vestermark S. Familial sex-linked
thrombocytopenia. Acta Paediatr. 1964;53:365-370.
7. Derry JM, Ochs HD, Francke U. Isolation of a
novel gene mutated in Wiskott-Aldrich syndrome.
Cell. 1994;78(4):635-644.
8. 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(4):414-417.

From www.bloodjournal.org at MEDIZINISCHE UNIVERSITATS on February 1, 2011. For personal use only.
3238

BLOOD, 22 APRIL 2010 䡠 VOLUME 115, NUMBER 16

ALBERT et al

9. Zhu Q, Zhang M, Blaese RM, et al. The WiskottAldrich syndrome and X-linked congenital thrombocytopenia are caused by mutations of the
same gene. Blood. 1995;86(10):3797-3804.
10. Ochs HD, Filipovich AH, Veys P, Cowan MJ,
Kapoor N. Wiskott-Aldrich syndrome: diagnosis,
clinical and laboratory manifestations, and treatment. Biol Blood Marrow Transplant. 2009;15
(1 suppl):84-90.
11. Ochs HD, Thrasher AJ. The Wiskott-Aldrich syndrome. J Allergy Clin Immunol. 2006;117(4):725738, quiz 739.
12. Zhu Q, Watanabe C, Liu T, et al. Wiskott-Aldrich
syndrome/X-linked thrombocytopenia: WASP
gene mutations, protein expression, and phenotype. Blood. 1997;90(7):2680-2689.
13. Lemahieu V, Gastier JM, Francke U. Novel mutations in the Wiskott-Aldrich syndrome protein
gene and their effects on transcriptional, translational, and clinical phenotypes. Hum Mutat. 1999;
14(1):54-66.
14. Imai K, Nonoyama S, Ochs HD. WASP (WiskottAldrich syndrome protein) gene mutations and
phenotype. Curr Opin Allergy Clin Immunol. 2003;
3(6):427-436.
15. 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.
16. Notarangelo LD, Mazza C, Giliani S, et al. Missense mutations of the WASP gene cause intermittent X-linked thrombocytopenia. Blood. 2002;
99(6):2268-2269.
17. Devriendt K, Kim AS, Mathijs G, et al. Constitutively activating mutation in WASP causes
X-linked severe congenital neutropenia. Nat
Genet. 2001;27(3):313-317.
18. Beel K, Cotter MM, Blatny J, et al. A large kindred
with X-linked neutropenia with an I294T mutation
of the Wiskott-Aldrich syndrome gene. Br J
Haematol. 2009;144(1):120-126.
19. Ancliff PJ, Blundell MP, Cory GO, et al. Two novel
activating mutations in the Wiskott-Aldrich syndrome protein result in congenital neutropenia.
Blood. 2006;108(7):2182-2189.
20. Sullivan KE, Mullen CA, Blaese RM, Winkelstein
JA. A multiinstitutional survey of the WiskottAldrich syndrome. J Pediatr. 1994;125(6 Pt 1):
876-885.

21. Cooper MD, Chae HP, Lowman JT, Krivit W,
Good RA. Wiskott-Aldrich syndrome. An immunologic deficiency disease involving the afferent
limb of immunity. Am J Med. 1968;44(4):499-513.
22. Notarangelo LD, Miao CH, Ochs HD. WiskottAldrich syndrome. Curr Opin Hematol.
2008;15(1):30-36.
23. 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.
24. Ozsahin H, Cavazzana-Calvo M, Notarangelo
LD, et al. Long-term outcome following hematopoietic stem-cell transplantation in WiskottAldrich syndrome: collaborative study of the European Society for Immunodeficiencies and European Group for Blood and Marrow Transplantation. Blood. 2008;111(1):439-445.

Two novel mutations identified in the WiskottAldrich syndrome protein gene cause WiskottAldrich syndrome and thrombocytopenia. Int J
Mol Med. 2007;19(5):777-782.
33. Ochs HD, Rosen FS. Wiskott-Aldrich syndrome.
In: Ochs HD, Smith CIE, Puck JM, eds. Primary
Immunodeficiency Diseases. 2nd ed. New York,
NY: Oxford University Press; 2007:454-469.
34. WHO. Life Tables for WHO Member States. http://
apps.who.int/whosis/database/life_tables/life_tables.cfm. Accessed December 20, 2009.
35. Group USCSW. United States Cancer Statistics:
1999-2005 Incidence and Mortality Web-based
Report. www.cdc.gov/uscs. Accessed December
20, 2009.
36. Corash L, Shafer B, Blaese RM. Platelet-associated immunoglobulin, platelet size, and the effect
of splenectomy in the Wiskott-Aldrich syndrome.
Blood. 1985;65(6):1439-1443.

25. Boztug K, Dewey RA, Klein C. Development of
hematopoietic stem cell gene therapy for WiskottAldrich syndrome. Curr Opin Mol Ther. 2006;8(5):
390-395.

37. Mullen CA, Anderson KD, Blaese RM. Splenectomy and/or bone marrow transplantation in the
management of the Wiskott-Aldrich syndrome:
long-term follow-up of 62 cases. Blood. 1993;
82(10):2961-2966.

26. Marangoni F, Bosticardo M, Charrier S, et al. Evidence for long-term efficacy and safety of gene
therapy for Wiskott-Aldrich Syndrome in preclinical models. Mol Ther. 2009:17(6):1073-1082.

38. Davis BR, Dicola MJ, Prokopishyn NL, et al. Unprecedented diversity of genotypic revertants in
lymphocytes of a patient with Wiskott-Aldrich syndrome. Blood. 2008;111(10):5064-5067.

27. Zanta-Boussif MA, Charrier S, Brice-Ouzet A, et
al. Validation of a mutated PRE sequence allowing high and sustained transgene expression
while abrogating WHV-X protein synthesis: application to the gene therapy of WAS. Gene Ther.
2009:16(5)605-619.

39. Wada T, Konno A, Schurman SH, et al. Secondsite mutation in the Wiskott-Aldrich syndrome
(WAS) protein gene causes somatic mosaicism in
two WAS siblings. J Clin Invest. 2003;111(9):
1389-1397.

28. Antonarakis SE. Recommendations for a nomenclature system for human gene mutations. Nomenclature Working Group. Hum Mutat. 1998;
11(1):1-3.
29. R: A Language and Environment for Statistical
Computing [computer program]. Vienna, Austria:
R Foundation for Statistical Computing; 2009.
30. Gray R. A class of K-sample tests for comparing
the cumulative incidence of a competing risk. Ann
Stat. 1988;16(3):1141-1154.
31. Proust A, Guillet B, Pellier I, et al. Recurrent
V75M mutation within the Wiskott-Aldrich syndrome protein: description of a homozygous female patient. Eur J Haematol. 2005;75(1):54-59.
32. Andreu N, Matamoros N, Escudero A, Fillat C.

40. Lum LG, Tubergen DG, Corash L, Blaese RM.
Splenectomy in the management of the thrombocytopenia of the Wiskott-Aldrich syndrome.
N Engl J Med. 1980;302(16):892-896.
41. Schurman SH, Candotti F. Autoimmunity in
Wiskott-Aldrich syndrome. Curr Opin Rheumatol.
2003;15(4):446-453.
42. Dupuis-Girod S, Medioni J, Haddad E, et al. Autoimmunity in Wiskott-Aldrich syndrome: risk factors, clinical features, and outcome in a singlecenter cohort of 55 patients. Pediatrics. 2003;
111(5 Pt 1):e622-627.
43. Perry GS III, Spector BD, Schuman LM, et al. The
Wiskott-Aldrich syndrome in the United States
and Canada (1892-1979). J Pediatr. 1980;97(1):
72-78.

