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ABSTRACT

Inborn errors of immunity (IEl) are a large, heterogeneous group of disorders resulting from deficiencies in immune
system development and/or function, leading to increased susceptibility to infections, autoimmunity, autoinflammation,
lymphoproliferation, and malignancy. Some diseases are classical hematopoietic cell transplantation (HCT) indications,
such as Wiskott-Aldrich Syndrome, but more than 150 different IEI have been transplanted. Each disease and patient
should be addressed individually as the clinical manifestations are variable, as well as the pre- and post-transplant care.
This consensus strongly recommends that these patients are referred to experienced centers performing HCT for IEI.
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INTRODUCTION

Inborn errors of immunity (IEI) are a large heterogeneous group of disorders that result from deficiencies
in the immune system development and/or function. IEl may present increased susceptibility to infections,
autoimmunity, autoinflammation, lymphoproliferation, and malignancy’. The last report of the International
Union ofImmunological Societies expert committee oninborn errors ofimmunity described 559 IEl underlying
phenotypes classified in 10 different phenotype groups (Table 1)

Hematopoietic cell transplantation (HCT) has been performed in more than 150 different types of IEl and is
considered the treatment of choice for a group with more severe manifestations. The first report of Brazilian
experience with HCT for primary imunodeficiencies was published in 2018 and included data from transplants
in 221 patients transplanted from July 1990 to December 2015 in 11 centers which participated in the Brazilian
collaborative group?. The Brazilian Pediatric study group on HCT strongly recommends that centers transplanting
patients with |El should collaborate with international groups and follow international guidelines*>.
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Table 1. Phenotypic classification of inborn errors of immunity as suggested by the International Union of Immunological
Societies Inborn Errors of Immunity Committee.

Phenotypic classification

1. Immunodeficiencies affecting cellular and humoral immunity

2. Combined immunodeficiencies with associated or syndromic features

3. Predominantly antibody deficiencies

4. Diseases of immune dysregulation

5. Congenital defects of phagocyte number, function, or both

6. Defects in intrinsic and innate immunity

7. Autoinflammatory disorders

8. Complement deficiencies

9. Bone marrow failures

10. Phenocopies of Inborn errors of immunity

Source: Bousfha et al.2.

Transplants in patients with IEl are highly complex and should be performed in centers with continuous and
significant experience in these procedures and that participate in collaborative studies. We also recommend
that international treatment protocols should be adapted taking into consideration national particularities
and limitations. The main IEls that can be treated with Hematopoietic stem cell transplantation (HSCT) are
described in the Tables 2 and 3. Severe combined immunodeficiency will be discussed in another document.

Table 2. Hematopoietic cell transplantation indications for pediatric patients: Brazilian Society of Cell Therapy and Bone
Marrow Transplantation Consensus recommendations for inborn errors of immunity.

Allogeneic
Disease Familiar Unrelated Autologous
MSD* MMFD* MUD MMUD
SCID Yes Yes Yes Yes No
WAS Yes Yes Yes Yes No
FHLH Yes Yes Yes Yes No
cGD Yes Yes Yes Yes No
PIRD Yes Yes Yes Yes No

SCID: severe combined immunodeficiencies; WAS: Wiskott-Aldrich syndrome; FHLH: familiar hemophagocytic lymphohystiocytosis; CGD: chronic granulomatous disease;
PIRD: primary immune regulation disorders; MSD: matched sibling donor; MMFD: mismatched family donor; MUD: matched unrelated donor; MMUD: mismatched
unrelated donor; *family donors may be tested for the same genetic mutation as the recipient before hematopoietic cell transplantation. Some diseases have a large
phenotypic variability, and siblings may inherit the same disease-causing mutation but exhibit different symptoms or severity. In some recessive diseases, heterozygous
donors might be excluded. Source: Elaborated by the authors.

Table 3. Specific disease indications of hematopoietic cell transplantation in inborn errors of immunity.

Severe combined immunodeficiency (SCID) Standard of care

Hematopoietic stem cell transplantation indication depends on history

H hi ID / leaky-SCl
ypomorphic SCID / leaky-5CID of infections or autoimmunity and the patient’s performance status

Wiskott-Aldrich syndrome Best results if performed before 5 years old

Phagocyte disorders: chronic granulomatous disease; leucocyte

B Its i I+ h
adhesion deficiency est results in younger age and well-matched donors

HLH: familial hemophagocytic lymphobhistiocytosis (mutations in:

PRF1, UNC13D, STX11, STXBP2); Chediak-Higashi syndrome; Griscelli Standard of care
syndrome type 2 (RAB27A mutation); X-linked lymphoproliferative Best results with controlled inflammatory symptoms
disease
Primary immune regulation disorders: IPEX syndrome; CTLA4, Hematopoietic cell transplantation may be an option
LRBA, STAT3 GOF; very early onset inflammatory bowel diseases Symptom control before transplant results in better results
(interleukin-10, interleukin-10-R) Cases should be discussed in reference centers

Source: Elaborated by the authors.
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WISKOTT-ALDRICH SYNDROME

Wiskott-Aldrich syndrome (WAS) is a rare X-linked genetic disorder usually characterized by a triad of symptoms:
thrombocytopenia, eczema, and combined immunodeficiency (affecting both cellular and humoral immunity). About
40% of patients develop autoimmune complications, such as hemolytic anemia, neutropenia, vasculitis, inflammatory
bowel disease, kidney disease, or arthritis. There is also an increased risk of malignancies, particularly B-cell
lymphoma. After diagnosis, a clinical score based on the presence of thrombocytopenia, eczema, immunodeficiency,
autoimmunity, and malignancy can help guide the decision to proceed with transplantation. A score of 3 or higher is
considered classical WAS, with autoimmunity and/or malignancy corresponding to a score of 5 (Table 4).

Table 4. Wiskott-Aldrich syndrome score: disease severity classification based on clinical presentation.

X-linked thrombocytopenia Wiskott-Aldrich syndrome
Scores 1 2 3 4 5
Thrombocytopenia + + + + +
Immunodeficiency - -or+ + ++ T+
Eczema - -or+ + ++ S+
Autoimmune or malignancy - - - - +

Source: Elaborated by the authors.

HCT is the treatment of choice for most patients with WAS, correcting hematologic and immunologic defects.
Studies have reported excellent overall survival rates, with a five-year overall survival of 91% in patients
undergoing HCT. Younger age at transplantation is associated with superior outcomes, consolidating the
recommendation for early HCT®. Current indications include:

- Patients with a WAS score of 3 or higher;

« Children with severe refractory thrombocytopenia (platelet count < 10,000/uL), especially those younger
than 2 years old;

- Patients with mutations leading to the absence of WAS protein expression, even in the absence of severe
initial symptomes, to prevent the development of severe comorbidities;

+ Adults with classic WAS who have survived without correction or X-linked thrombocytopenia patients who
develop late-onset autoimmunity or malignancy.

The recommended conditioning regimen is myeloablative, typically combining busulfan, fludarabine, and
r-ATG, with busulfan pharmacokinetics monitoring when available (Table 5). Higher levels of donor chimerism,
particularly in the myeloid compartment, are associated with better outcomes, especially regarding the
correction of thrombocytopenia and autoimmunity®.

Table 5. Hematopoietic cell transplantation conditioning and graft-versus-host disease (GVHD) prophylaxis regimens for
pediatric patients: Brazilian Society of Cell Therapy and Bone Marrow Transplantation Consensus recommendations
for inborn errors of immunity.

Donor type Conditioning GVHD prophylaxis
Myeloablative
MSD CSA + MTX or MMF
MUD BU (AUC 85-95) + Flu 160 mg/m? + ATG 5-10 mg/kg CSA + MTX or MMF
Haplo or alemtuzumab 0.5-1 mg/kg Cy 50 mg/kg + 3 + 4 + CSA + MMF
CB CSA + MMF or MP
Reduced toxicity
MSD ) CSA + MTX or MMF
Haplo 9/kg : 9/Kg Cy 50 mg/kg + 3 + 4 + CSA + MMF
MSD s , CSA + MTX or MMF
MUD Flu150-1 2&23‘2;;&? ;j‘?r’:g//km +ATG or CSA + MTX or MMF
Haplo . 99 Cy 50 mg/Kg + 3 + 4 + CSA + MMF

MSD: matched sibling donor; MUD: matched unrelated donor; HAPLO: haploidentical donor; CB: cord blood; CSA: cyclosporin; MTX: metothexate; MMF: mycophenolate
mofetil; MP: methylprednisolone. Source: adapted from the European Blood and Marrow Transplant Inborn Errors Working Party recommendations®.
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The use of haploidentical donors, along with post-transplant cyclophosphamide for graft-versus-host
disease (GVHD) prophylaxis, has emerged as a feasible option when matched related or unrelated donors are
unavailable’. Bone marrow and cord blood are the preferred stem cell sources, with similar overall survival.
Post-HSCT autoimmunity occurs in 14-20% of patients, sometimes associated with mixed chimerism, which
is observed in 18-50% of cases and can affect platelet recovery, with studies correlating = 50% donor myeloid
engraftment to normal platelet counts?.

FAMILIAL HEMOPHAGOCYTIC LYMPHOHISTIOCYTOSIS

Familial hemophagocytic lymphobhistiocytosis (FHLH) is a hyper-inflammatory syndrome characterized by
an uncontrolled immune response, leading to a cytokine storm resulting from a primary immune defect
(Table 1). Several mutations have been identified as causative factors of FHLH, including PRF1, UNC13D,
STX11, and STXBP2. Additionally, other genetic syndromes, such as Chediak-Higashi syndrome, Griscelli
syndrome type Il, and X-linked lymphoproliferative disease, can present clinically similarly to hemophagocytic
lymphohistiocytosis (HLH).

Notably, up to 20% of primary HLH cases may not have a known genetic mutation. Initial HLH treatment
follows the recommended HLH-2004 protocol, with salvage therapies including antibody-based treatments
(e.g., thymoglobulin and alemtuzumab), interleukin inhibitors, and JAK/STAT inhibitors, such as ruxolitinib™.
HCT is the preferred treatment for primary HLH, ideally performed in patients in remission with a matched
related (unaffected) or unrelated donor. The use of haploidentical donors may be an option in selected cases.
The choice of conditioning regimen should consider donor type, disease status, and patient performance.
Reduced-toxicity regimens—such as busulfan (with PK monitoring), fludarabine, and serotherapy, or
fludarabine, melphalan, and thiotepa (Flu-Mel-TT)—are preferred. While Flu-Mel-TT is associated with lower
rates of graft failure and VOD, limited access to thiotepa in Brazil makes busulfan-based regimens a practical
alternative with similar survival.

In 2025, thiotepa was approved by the national health authority in Brazil. The availability of this drug may
change this scenario. Serotherapy options include thymoglobulin or alemtuzumab. Alemtuzumab is
preferred for its superior disease control, but its availability is also limited in our country. GVHD prophylaxis
is usually managed with cyclosporine and mycophenolate mofetil®'". The high incidence of graft failure in
these patients, especially after reduced intensity conditioning conditioning with fludarabine and melphalan,
may require further intervention with second transplant or CD34+ cells boost (strategy not easily available in
our country). A stable mixed chimerism (some reports suggest as low as 30%) might be sufficient to protect
against disease relapse'. In these situations, the evaluation of NK cell cytotoxic activity might be helpful to
identify patients in need of further treatment. To date, this test is not commercially available in Brazil.

CHRONIC GRANULOMATOUS DISEASE

Chronic granulomatous disease (CGD) is a rare primary immunodeficiency disorder characterized by
functional impairment of the phagocyte NADPH-oxidase complex. HCT can cure CGD and reverse organ
dysfunction. The use of reduced toxicity regimens led to improved survival and reduced toxicities, expanding
the indications for transplantation in this disease’. The control of pre-existing infections and inflammatory
manifestations before HCT results in better outcomes. However, active infection should not prevent the
patient from undergoing transplantation.

Preferred donors are matched sibling donor or a well-matched unrelated donor. Carrier family donors
should be avoided'*'*'%. Non-carrier haploidentical donors are increasingly being used, but graft failure is
still an issue’. Reduced toxicity conditioning based on busulfan (with pharmacokinetics), fludarabine, and
serotherapy (thymoglobulin or alemtuzumab) is the regimen of choice™. Alternatively, conditionings based
on treosulfan show good results, but this drug is not available in Brazil. Stable mixed chimerism may be
sufficient to protect against infections.
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PRIMARY IMMUNE REGULATORY DISORDERS

Primary immune regulatory disorders (PIRDs) are inherited immune deficiencies characterized by excessive
inflammation, autoimmunity that often affects various tissues, lymphoproliferation, and malignancy. These
conditions arise from either a loss or gain of function in genes associated with the regulatory mechanism of
the inflammatory or immune response. As many of these diseases were recently described, most lack robust
(or any) data regarding transplantation. Thus, no definite recommendations can be currently made in respect
oftransplantindication or conditioning regimens. An exception is IPEX syndrome, for which a large multicenter
study showed an advantage in overall survival and quality of life in transplanted patients compared to those
treated with immunosuppression'. For PIRDs, disease management seems crucial for the success of HCT,
as shown by the European Blood and Marrow Transplant Inborn Errors Working Party, indicating that using
Janus Kinases inhibitors as a bridge to transplantation significantly improves overall survival to 91% for
patients with JAK/STAT (signal transducer and activator of transcription proteins) signaling-related immune
deficiencies, compared to historical data®.

Another target agent, a mechanism-specific treatment called abatacept, can successfully control LRBA (LPS
responsive beige-like anchor protein) deficiency and CTLA4 (cytotoxic T-lymphocyte associated protein 4)
insufficiency, serving as a bridge to transplant or even dismiss the need for transplantation'®. On the other
hand, some diseases lack satisfying response to conventional immunosuppression and may be cured with
HCT. Very early onset inflammatory bowel disease (VEOIBD) has been reported in patients with interleukin-
(IL)-10 and IL-10 receptor (IL-10R) deficiencies, and despite steroids, immunomodulating agents, and
surgical intervention, long-term management of inflammatory bowel disease is not satisfactory in these
patients. HCT has been successful in several patients'. X-linked inhibitor of apoptosis (XIAP) deficiency is
characterized by immune dysregulation and a broad spectrum of clinical manifestations, including: HLH
and treatment-refractory inflammatory bowel disease. Arnold et al.?° observed a two-year overall survival
of 74% in XIAP deficient HSCT recipients, but with a high incidence of GVHD. PIRDs are a heterogeneous
group of diseases, ranging from mild disease to neonatal life-threatening manifestations. Molecular
diagnosis is mandatory to define the disease mechanism and benefit for HCT, and control of immune
deregulation is desired and should be measured by an objective score such as the immune deficiency
and dysregulation activity (IDDA) 2.1 score?'. Regarding the decision of whether to proceed to transplant,
we recommend that these patients be referred to specialized, experienced centers, and discussed by an
expert panel.

CONFLICT OF INTEREST

Nothing to declare.

DATA AVAILABILITY STATEMENT

Data sharing is not applicable.

AUTHORS’ CONTRIBUTIONS

Substantive scientific and intellectual contributions to the study: Fernandes JF, Muratori R, Loth G, Vieira
AK, Klinger P, Franco S and Bonfim C. Conception and design: Fernandes JF and Bonfim C. Manuscript
writing: Fernandes JF, Muratori R, Loth G, Vieira AK, Klinger P, Franco S and Bonfim C. Final approval:
Fernandes JF, Muratori R, Loth G, Vieira AK, Klinger P, Franco S and Bonfim C.

FUNDING
Not applicable.

9 J Bone Marrow Transplant Cell Ther, Vol 6 N1, e300, 2025


https://creativecommons.org/licenses/by/4.0/deed.en

Fernandes JF, Muratori R, Loth G, Vieira AK, Klinger P, Franco S, Bonfim C

ACKNOWLEDGEMENTS
Not applicable.

REFERENCES

1.

Fernandes JF, Bonfim C. Hematopoietic stem cell transplantation for inborn errors of immunity. J Bone
Marrow Transplant Cell Ther. 2021;2(4):146. https://doi.org/10.46765/2675-374X.2021v2n4p146

Bousfiha AA, Jeddane L, Moundir A, Poli MC, Aksentijevich |, Cunningham-Rundles C, Hambleton S, Klein
C, Morio T, Picard C, Puel A, Rezaei N, Seppanen MRJ, Somech R, Su HC, Sullivan KE, Torgerson TR, Tangye
SG, Meyts I. The 2024 update of IUIS phenotypic classification of human inborn errors of immunity. J Hum
Immun. 2025;1(1):€20250002. https://doi.org/10.70962/jhi.20250002

Fernandes JF, Nichele S, Daudt LE, Tavares RB, Seber A, Kerbauy FR, Koliski A, Loth G, Vieira AK, Darrigo-
Junior LG, Rocha V, Gomes AA, Colturato V, Mantovani LF, Ribeiro AF, Ribeiro LL, Kuwahara C, Rodrigues
ALM, Zecchin VG, Costa-Carvalho BT, Carneiro-Sampaio M, Condino-Neto A, Fasth A, Gennery A, Pasquini
R, Hamerschlak N, Bonfim C. Trans-plantation of hematopoietic stem cells for primary immunodeficiencies
in Brazil: challenges in treating rare diseases in developing countries. J Clin Immunol. 2018;38(8):917-26.
https://doi.org/10.1007/5s10875-018-0564-1

Albert M, Lankester A, Gennery A, Neven B. Inborn errors of immunity. In: Sureda A, Corbacioglu S, Greco
R, Kroger N, Carreras E, editors. The EBMT Handbook: hematopoietic cell transplantation and cellular
therapies. 82 edition. Cham: Springer; 2024. Chapter 90.

Lankester AC, Albert MH, Booth C, Gennery AR, Glingdr T, Honig M, Morris EC, Moshous D, Neven B,
Schulz A, Slatter M, Veys P; Inborn Errors Working Party of the European Society for Blood and Marrow
Transplantation and the European Society for Immune Deficiencies, and European Reference Network
on Rare Primary Immunodeficiency Autoinflammatory Autoimmune diseases (RITA). EBMT/ESID inborn
errors working party guidelines for hematopoietic stem cell transplantation for inborn errors of immunity.
Bone Marrow Transplant. 2021;56(9):2052-62. https://doi.org/10.1038/s41409-021-01378-8

Burroughs LM, Petrovic A, Brazauskas R, Liu X, Griffith LM, Ochs HD, Bleesing JJ, Edwards S, Dvorak CC,
Chaudhury S, Prockop SE, Quinones R, Goldman FD, Quigg TC, Chandrakasan S, Smith AR, Parikh S, Davila
Saldafa BJ, Thakar MS, Phelan R, Shenoy S, Forbes LR, Martinez C, Chellapandian D, Shereck E, Miller HK,
Kapoor N, Barnum JL, Chong H, Shyr DC, Chen K, Abu-Arja R, Shah AJ, Weinacht KG, Moore TB, Joshi A,
DeSantes KB, Gillio AP, Cuvelier GDE, Keller MD, Rozmus J, Torgerson T, Pulsipher MA, Haddad E, Sullivan
KE, Logan BR, Kohn DB, Puck JM, Notarangelo LD, Pai SY, Rawlings DJ, Cowan MJ. Excellent outcomes
following hematopoietic cell transplantation for Wiskott-Aldrich syndrome: a PIDTC report. Blood.
2020;135(23):2094-105. https://doi.org/10.1182/blood.2019002939

Fernandes JF, Nichele S, Arcuri LJ, Ribeiro L, Zamperlini-Netto G, Loth G, Rodrigues ALM, Kuwahara C,
Koliski A, Trennepohl J, Garcia JL, Daudt LE, Seber A, Gomes AA, Fasth A, Pasquini R, Hamerschlak N,
Rocha V, Bonfim C. Outcomes after haploidentical stem cell transplantation with post-transplantation
cyclophosphamide in patients with primary immunodeficiency diseases. Biol Blood Marrow Transplant.
2020;26(10):1923-9. https://doi.org/10.1016/j.bbmt.2020.07.003

J Bone Marrow Transplant Cell Ther, Vol 6 N1, e300, 2025 6


https://creativecommons.org/licenses/by/4.0/deed.en

Hematopoietic cell transplantation in inborn errors of immunity Part Il: others

10.

11.

12.

13.

14.

15.

Shekhovtsova Z, Bonfim C, Ruggeri A, Nichele S, Page K, AlSeraihy A, Barriga F, de Toledo Codina JS, Veys P,
Boelens JJ, Mellgren K, Bittencourt H, O’Brien T, Shaw PJ, Chybicka A, Volt F, Giannotti F, Gluckman E, Kurtzberg J,
Gennery AR, Rocha V; 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. Arisk factor analysis of outcomes after unrelated cord blood transplantation for children with Wiskott-
Aldrich syndrome. Haematologica. 2017;102(6):1112-9. https://doi.org/10.3324/haematol.2016.158808

Marsh RA, Hebert K, Kim S, Dvorak CC, Aquino VM, Baker KS, Chellapandian D, Davila Saldana B, Duncan CN,
Eckrich MJ, Georges GE, Olson TS, Pulsipher MA, Shenoy S, Stenger E, Lugt MV, Yu LC, Gennery AR, Eapen M.
Comparison of hematopoietic cell transplant conditioning regimens for hemophagocytic lymphohistiocytosis
disorders. J Allergy Clin Immunol. 2022;149(3):1097-104.e2. https://doi.org/10.1016/j.,jaci.2021.07.031

Neven B, Diana JS, Castelle M, Magnani A, Rosain J, Touzot F, Moreira B, Fremond ML, Briand C, Bendavid
M, Levy R, Morelle G, Vincent M, Magrin E, Bourget P, Chatenoud L, Picard C, Fischer A, Moshous D, Blanche
S. Haploidentical hematopoietic stem cell transplantation with post-transplant cyclophosphamide
for primary immunodeficiencies and inherited disorders in children. Biol Blood Marrow Transplant.
2019;25(7):1363-73. https://doi.org/10.1016/j.bbmt.2019.03.009

Felber M, Steward CG, Kentouche K, Fasth A, Wynn RF, Zeilhofer U, Haunerdinger V, Volkmer B, Prader S,
Gruhn B, Ehl S, Lehmberg K, Miiller D, Gennery AR, Albert MH, Hauck F, Rao K, Veys P, Hassan M, Lankester
AC, Schmid JP, Hauri-Hohl MM, Giingor T. Targeted busulfan-based reduced-intensity conditioning
and HLA-matched HSCT cure hemophagocytic lymphohistiocytosis. Blood Adv. 2020;4(9):1998-2010.
https://doi.org/10.1182/bloodadvances.2020001748

Hartz B, Marsh R, Rao K, Henter JI, Jordan M, Filipovich L, Bader P, Beier R, Burkhardt B, Meisel R, Schulz A,
Winkler B, Albert MH, Greil J, Karasu G, Woessmann W, Corbacioglu S, Gruhn B, Holter W, Kihl JS, Lang P,
Seidel MG, Veys P, Lofstedt A, Ammann S, Ehl S, Janka G, Miiller |, Lehmberg K. The minimum required level
of donor chimerism in hereditary hemophagocytic lymphohistiocytosis. Blood. 2016;127(25):3281-90.
https://doi.org/10.1182/blood-2015-12-684498

GUngorT, Teira P, Slatter M, Stussi G, Stepensky P, Moshous D, Vermont C, Ahmad |, Shaw PJ, Telles da Cunha
JM, Schlegel PG, Hough R, Fasth A, Kentouche K, Gruhn B, Fernandes JF, Lachance S, Bredius R, Resnick IB,
Belohradsky BH, Gennery A, Fischer A, Gaspar HB, Schanz U, Seger R, Rentsch K, Veys P, Haddad E, Albert
MH, Hassan M; Inborn Errors Working Party of the European Society for Blood and Marrow Transplantation.
Reduced-intensity conditioning and HLA-matched haemopoietic stem-cell transplantation in patients
with chronic granulomatous disease: a prospective multicentre study. Lancet. 2014;383(9915):436-48.
https://doi.org/10.1016/50140-6736(13)62069-3

Chiesa R, Wang J, Blok HJ, Hazelaar S, Neven B, Moshous D, Schulz A, Hoenig M, Hauck F, Al Seraihy A,
Gozdzik J, Ljungman P, Lindemans CA, Fernandes JF, Kalwak K, Strahm B, Schanz U, Sedlacek P, Sykora KW,
Aksoylar S, Locatelli F, Stepensky P, Wynn R, Lum SH, Zecca M, Porta F, Taskinen M, Gibson B, Matthes S,
Karakukcu M, Hauri-Hohl M, Veys P, Gennery AR, Lucchini G, Felber M, Albert MH, Balashov D, Lankester A,
GlingorT, Slatter MA. Hematopoietic cell transplantation in chronic granulomatous disease: a study of 712
children and adults. Blood. 2020;136(10):1201-11. https://doi.org/10.1182/blood.2020005590

Riller Q, Hauri M, Lum SH, Knippenberg J, Sirait T, Laberko A, Halahleh K, Hashem H, Karakukcu M, Sengeloev
H, Porta F, Bruno B, Zecca M, Aksoylar S, Barlogis V, Schuetz C, Buechner J, Faraci M, Wehr C, Holter W,
Mellgren K, Locatelli F, Martinez AP, Suarez F, Moshous D, Gennery AR, Balashov D, Albert MH, Slatter M,
Glingor T, Neven B. HLA-haploidentical stem cell transplantation for chronic granulomatous disease: an
EBMT-IEWP retrospective study. Blood. 2025;145(21):2518-27. https://doi.org/10.1182/blood.2024026915

J Bone Marrow Transplant Cell Ther, Vol 6 N1, e300, 2025


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1016/S0140-6736(13)62069-3

Fernandes JF, Muratori R, Loth G, Vieira AK, Klinger P, Franco S, Bonfim C

16. Barzaghi F, Amaya Hernandez LC, Neven B, Ricci S, Kucuk ZY, Bleesing JJ, Nademi Z, Slatter MA, Ulloa ER,
Shcherbina A, Roppelt A, Worth A, Silva J, Aiuti A, Murguia-Favela L, Speckmann C, Carneiro-Sampaio
M, Fernandes JF, Baris S, Ozen A, Karakoc-Aydiner E, Kiykim A, Schulz A, Steinmann S, Notarangelo LD,
Gambineri E, Lionetti P, Shearer WT, Forbes LR, Martinez C, Moshous D, Blanche S, Fisher A, Ruemmele FM,
Tissandier C, Ouachee-Chardin M, Rieux-Laucat F, Cavazzana M, Qasim W, Lucarelli B, Albert MH, Kobayashi
I, Alonso L, Diaz De Heredia C, Kanegane H, Lawitschka A, Seo JJ, Gonzalez-Vicent M, Diaz MA, Goyal RK,
Sauer MG, Yesilipek A, Kim M, Yilmaz-Demirdag Y, Bhatia M, Khlevner J, Richmond Padilla EJ, Martino S,
Montin D, Neth O, Molinos-Quintana A, Valverde-Fernandez J, Broides A, Pinsk V, Ballauf A, Haerynck F,
Bordon V, Dhooge C, Garcia-Lloret ML, Bredius RG, Katwak K, Haddad E, Seidel MG, Duckers G, Pai SY,
Dvorak CC, EhI S, Locatelli F, Goldman F, Gennery AR, Cowan MJ, Roncarolo MG, Bacchetta R; Primary
Immune Deficiency Treatment Consortium (PIDTC) and the Inborn Errors Working Party (IEWP) of the
European Society for Blood and Marrow Transplantation (EBMT). Long-term follow-up of IPEX syndrome
patients after different therapeutic strategies: An international multicenter retrospective study. J Allergy
Clin Immunol. 2018;141(3):1036-49.e5. https://doi.org/10.1016/j.jaci.2017.10.041

17. Fischer M, Olbrich P,HadjadjJ, AumannV, BakhtiarS, BarlogisV, von Bismarck P, Bloomfield M, Booth C,Buddingh
EP, Cagdas D, Castelle M, Chan AY, Chandrakasan S, Chetty K, Cougoul P, Crickx E, Dara J, Deya-Martinez A,
Farmand S, Formankova R, Gennery AR, Gonzalez-Granado LI, Hagin D, Hanitsch LG, Hanzlikova J, Hauck F,
Ivorra-Cortés J, Kisand K, Kiykim A, Kérholz J, Leahy TR, van Montfrans J, Nademi Z, Nelken B, Parikh S, Plado S,
Ramakers J, Redlich A, Rieux-Laucat F, Riviére JG, Rodina Y, Junior PR, Salou S, Schuetz C, Shcherbina A, Slatter
MA, Touzot F, Unal E, Lankester AC, Burns S, Seppanen MRJ, Neth O, Albert MH, Ehl S, Neven B, Speckmann
C. JAK inhibitor treatment for inborn errors of JAK/STAT signaling: An ESID/EBMT-IEWP retrospective study. J
Allergy Clin Immunol. 2024;153(1):275-86.e18. https://doi.org/10.1016/j.jaci.2023.10.018

18. Taghizade N, Babayeva R, Kara A, Karakus IS, Catak MC, Bulutoglu A, Haskologlu ZS, Akay Haci I, Tunakan
Dalgic C, Karabiber E, Bilgic Eltan S, Yorgun Altunbas M, Sefer AP, Sezer A, Kokcu Karadag SI, Arik E, Karali
Z, Ozhan Kont A, Tuzer C, Karaman S, Mersin SS, Kasap N, Celik E, Kocacik Uygun DF, Aydemir S, Kiykim
A, Aydogmus C, Ozek Yucel E, Celmeli F, Karatay E, Bozkurtlar E, Demir S, Metin A, Karaca NE, Kutukculer
N, Aksu G, Guner SN, Keles S, Reisli I, Kendir Demirkol Y, Arikoglu T, Gulez N, Genel F, Kilic SS, Aytekin C,
Keskin O, Yildiran A, Ozcan D, Altintas DU, Ardeniz FO, Dogu EF, Ikinciogullari KA, Karakoc-Aydiner E, Ozen
A, Baris S. Therapeutic modalities and clinical outcomes in a large cohort with LRBA deficiency and CTLA4
insufficiency. J Allergy Clin Immunol. 2023;152(6):1634-45. https://doi.org/10.1016/j.jaci.2023.08.004

19. EngelhardtKR, Shah N, Faizura-Yeop |, Kocacik Uygun DF, Frede N, Muise AM, ShteyerE, FilizS, CheeR, Elawad
M, Hartmann B, Arkwright PD, Dvorak C, Klein C, Puck JM, Grimbacher B, Glocker EO. Clinical outcome in
IL-10- and IL-10 receptor-deficient patients with or without hematopoietic stem cell transplantation. J
Allergy Clin Immunol. 2013;131(3):825-30. https://doi.org/10.1016/j.jaci.2012.09.025

20. Arnold DE, Nofal R, Wakefield C, Lehmberg K, Wustrau K, Albert MH, Morris EC, Heimall JR, Bunin NJ, Kumar
A, Jordan MB, Cole T, Choo S, Brettig T, Speckmann C, Ehl S, Salamonowicz M, Wahlstrom J, Rao K, Booth
C, Worth A, Marsh RA. Reduced-intensity/reduced-toxicity conditioning approaches are tolerated in
XIAP deficiency but patients fare poorly with acute GVHD. J Clin Immunol. 2022;42(1):36-45. https://doi.
org/10.1007/s10875-021-01103-6

21. Seidel MG, Tesch VK, Yang L, Hauck F, Horn AL, Smolle MA, Quehenberger F, Benesch M. The immune
deficiency and dysregulation activity (IDDA2.1 ‘Kaleidoscope’) score and other clinical measures in inborn
errors of immunity. J Clin Immunol. 2022;42(3):484-98. https://doi.org/10.1007/s10875-021-01177-2

J Bone Marrow Transplant Cell Ther, Vol 6 N1, e300, 2025 8


https://creativecommons.org/licenses/by/4.0/deed.en
https://doi.org/10.1007/s10875-021-01103-6
https://doi.org/10.1007/s10875-021-01103-6

