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Abbreviations used

CMV: Cytomegalovirus

FTT: Fludarabine, treosulfan, and thiotepa

GVHD: Graft-versus-host disease

HSCT: Hematopoietic stem cell transplantation

IRT: Immunoglobulin replacement therapy

MUD: Matched unrelated donor

RhD: Rhesus factor and D-antigen

WAS: Wiskott-Aldrich syndrome

WASP: Wiskott-Aldrich syndrome protein
Regardless of their age, adult patients with Wiskott-Aldrich
syndrome should be considered for hematopoietic stem cell
transplantation if clinically indicated. (J Allergy Clin Immunol
Global 2024;3:100191.)
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Wiskott-Aldrich syndrome (WAS) is a rare, X-linked combined
immune deficiency caused by mutations in the WAS gene.1 Its
clinical features include eczema, thrombocytopenia, life-
threatening infections, autoimmunity, and malignancy.1,2 The
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median survival of patients who lack the Wiskott-Aldrich syn-
drome protein (WASP) expression and have not undergone he-
matopoietic stem cell transplantation (HSCT) is less than 20
years.3 Until recently, the potentially curative treatments, alloge-
neic HSCT and gene therapy, have been reserved for children
owing to the risks of higher transplant-related morbidity and mor-
tality in adults with significantWAS-related complications before
HSCT.1

Here, we present the 2 oldest patients with WAS reported to
date who have undergone HSCT. Both patients received fludar-
abine, treosulfan, and thiotepa (FTT)-conditioned matched
unrelated donor (MUD) allografts (9 of 10 and 10 of 10
HLA-matched, respectively). They underwent in vivo T-cell
depletion with alemtuzumab. Cyclosporine and mycophenolate
mofetil were used for graft-versus-host disease (GVHD) prophy-
laxis and letermovir was used for cytomegalovirus (CMV)
prophylaxis.
PATIENT 1
A 44-year-old male was clinically diagnosed withWAS shortly

after birth. He had 2 affected brothers, and his mother was a
known WAS gene carrier. One of his brothers died at age 4 years
following an intracranial haemorrhage, and the other died at age
44 years with complications of large vessel vasculitis. Subsequent
genetic testing identified hemizygosity for the c.257G>A
(p.Arg86Pro), a known pathogenic variant in theWAS gene asso-
ciated with reduced WASP expression (4.5%) by flow cytometry
of peripheral blood.
1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Ariharan.anantharachagan@lthtr.nhs.uk
mailto:e.morris@ucl.ac.uk
mailto:e.morris@ucl.ac.uk
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.jacig.2023.100191
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jacig.2023.100191&domain=pdf


J ALLERGY CLIN IMMUNOL GLOBAL

FEBRUARY 2024

2 ANANTHARACHAGAN ET AL
During childhood he had mild eczema, profound thrombocy-
topenia (platelet count < 103 109/L), and recurrent sinusitis. By
adulthood he had recurrent sinusitis and ear infections, with occa-
sional chest infections. At age 36 years he developed a subdural
haematoma that required surgical evacuation with blood product
support. He commenced IRTat age 38 years following pneumonia
and documentation of failed test vaccinations. Before starting
IRT, his total IgG and IgA levels were normal, with a reduced
IgM level (0.29 g/L). Chest imaging demonstrated moderate
bronchiectasis. He had no history of autoimmunity or lymphopro-
liferation. He was 42 years old when referred for consideration of
HSCT shortly after the death of his older brother owing to com-
plications of a large vessel vasculitis. His WAS score (defined
in Albert et al4) before HSCTwas 4.

He underwent HSCT at age 43 years (FTT alemtuzumab [60
mg], 10 of 10 MUD allograft, CMV 1/1, Toxoplasma –/–,
hepatitis B virus –/–, and blood group A Rhesus factor and
D-antigen [RhD]-positive/blood group O RhD-positive). At
last follow-up, 18 months after HSCT, he had trilineage
100% donor chimerism and was no longer undergoing systemic
immune suppression and IRT, with only minimal skin GVHD.
His full blood count and white cell differential, including plate-
lets, were normal. His times to platelet engraftment >20 3 109/
L and >50 3 109/L were 7 and 34 days, respectively. His times
to neutrophil engraftment >0.5 3 109/L and >1.0 3 109/L were
14 and 16 days, respectively. His early post-HSCT complica-
tions included adenoviremia requiring cidofovir, BK viruria,
chronic renal impairment, and acute GVHD of the skin (grade
2). At last follow-up, his renal function was normal. He devel-
oped mild coronavirus disease 2019 (COVID-19) at 12.5
months after HSCT and was treated with nirmatrelvir with rito-
navir (Paxlovid) with complete resolution of symptoms. IRT
was stopped at 10 months after HSCT with no subsequent bac-
terial infections to date. Administration of cyclosporine was
stopped at 13 months after HSCT. Test vaccination responses
(14 months after HSCT) to 1 dose of Prevenar 13 (Pneumo-
coccal 13-valent conjugate vaccine [diphtheria CRM197 Pro-
tein] vaccine) and Menitorix (Haemophilus influenzae type b
[Hib]/ Meningococcal C [MenC] vaccine) identified protective
antibodies to 2 of 9 pneumococcal serotypes present in Preve-
nar 13 (normal response is >_0.35 mg/mL to >_50% serotypes
tested) and adequate antibodies to Haemophilus influenzae
type B (>_0.15 mg/L) at 0.22 mg/L.
PATIENT 2
A 41-year-old male presented with a purpuric rash and

thrombocytopenia at age 3 months. There was a positive family
history, with 2 maternal uncles having died of WAS-related
complications at a young age. Genetic testing identified hemi-
zygosity for C.763delC (p.Gln255ArgfsX6) , a pathogenic variant
in theWAS gene, and hisWASP expression by flow cytometry was
low (10.4%), which is consistent withWAS. In early childhood he
developed moderate eczema and had recurrent ear, nose, and
throat infections. Thrombocytopenia resulted in several major ep-
istaxes and 2 instances of hemarthroses of the right knee
following an osteochondral fracture. In adulthood he developed
mild bronchiectasis and inflammatory arthropathy, and he had
recalcitrant human papillomavirus warts affecting his hands. He
remained stable with conservative management (co-trimoxazole,
aciclovir, IRT, and tranexamic acid) for several years.
At age 38 years he was diagnosed with diffuse large B-cell
lymphoma (Epstein-Barr early RNA–negative) and received 6
cycles of rituximab, cyclophosphamide, hydroxydaunorubicin,
oncovin, and prednisone chemotherapy with additional romiplos-
tim for platelet support, achieving complete remission according
to positron emission tomography–computed tomography.
Following chemotherapy, he was assessed for HSCT.

He underwent HSCT at age 39 years (FTT alemtuzumab [60
mg], 9 of 10 [A mismatch] MUD allograft, CMV 1/1, Toxo-
plasma –/–, and blood group A RhD-positive/blood group AB
RhD-negative). At 18 months follow-up, he had trilineage
100% donor chimerism but continued receiving cyclosporine
for chronic GVHD of the gut. His full blood count and white
cell differential, including platelets, were normal. His times to
platelet engraftment >20 3 109/L and >50 3 109/L were 12
and 16 days, respectively. His times to neutrophil engraftment
>0.5 3 109/L and >1.0 3 109/L were 13 and 22 days, respec-
tively. His early post-HSCT course was complicated by 4 ep-
isodes of herpes simplex virus 2 requiring aciclovir, foscarnet,
and topical cidofovir; grade 2 acute GVHD of the skin and
gut; and adenoviremia requiring cidofovir. At 6 months after
HSCT he developed Lhermitte sign (an electric shock–like
sensation on neck flexion) and clinical features of a progres-
sive axonal neuropathy (distal muscle wasting and weakness).
Electromyography confirmed axonal neuropathy. Magnetic
resonance imaging and cerebrospinal fluid examination have
not identified an underlying cause. At last follow-up, the pa-
tient’s Lhermitte sign was resolving. He developed asymp-
tomatic COVID-19 at 8 months after HSCT, which was
treated with sotrovimab, and a further episode 8 months later,
which improved after 3 days of remdesivir. Assessment of test
vaccine responses are pending after cessation of cyclosporine
and IRT.

Recent data have demonstrated that good outcomes can be
achieved for adults who undergo HSCT for combined immune
deficiencies.5,6 The aforementioned cases show that HSCT is
feasible in older patients with WAS and should be considered
for those for whom a donor is available. In these 2 patients, longer
follow-up is required to provide evidence of definitive improve-
ment in quality of life and disease-free survival.
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