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Introduction
• Inborn errors of immunity (IEI) are rare inherited
disorders affecting immune function and can be lifethreatening if not treated.
• More than 400 monogenetic IEI have been identified
and a genetic diagnosis can be made in an increasing
number of patients.
• Various combinations of recurrent infections,
autoimmunity, lymphoproliferation, inflammatory
manifestations, atopy, and malignancy.
• Most IEI are due to genetic defects that are intrinsic
to HSC and treatment by HSCT can be offered with
success to many patients.
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Castagnoli et al 2019; Lankester et al 2021

Hematopoietic Cell Transplantation for IEI
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• Increasing complexity of these diseases
⇢ Challenge to decide which disease, who and when to transplant.
• Early diagnosis and improved supportive care
⇢ Increase survival rates and improve quality of life.

HSCT for IEI : not just for children
• Early HSCT outcomes in adults were poor, resulting in extremely limited use worldwide.
• Recently published HSCT outcomes for adults with IEIs have been comparable with pediatric data, making
HSCT an important option for correction of clinically severe IEIs in adulthood.

Siobhan Burns, Emma Morris; Blood nov 2021

EBMT/ESID inborn errors working party guidelines
for HSCT for inborn errors of immunity
A. C. Lankester , M. H. Albert , C. Booth, A. R. Gennery, T. Güngor, M. Hönig , E. C. Morris, D. Moshous, B.
Neven, A. Schulz , M. SlaEer, P. Veys and on behalf of the Inborn Errors Working Party of the EBMT and the ESID, and
European Reference Network on Rare Primary Immunodeﬁciency Autoinﬂammatory Autoimmune diseases (RITA)

• Wide clinical heterogeneity of patients.
• Outcome data are based on observational rather
than prospective studies.

⇢ Not yet possible to recommend
strictly defined protocols for
transplanting IEI patients.

• Standardize pre transplant evaluation as well as supportive care, conditioning regimens, GvHD
protocols and LTFU care.
• Retrospective and prospective studies with European and world-wide data.
• International collaborative studies: may help to adapt these protocols in developing countries.
Bone Marrow Transplantation (2021) 56:2052–2062

SCID is a pediatric emergency and HCT is the only curative
treatment in most countries around the world
• Ideally, HCT should be performed before live vaccines (rotavirus, BCG), non-irradiated
blood products are given and before the development of severe infections.
• Better outcomes after HCT: younger age, absence of active infections at the time of
transplant and adequate immune recovery
• Newborn screening changed the outcome of SCID patients

HSCT in SCID: the SCETIDE 2006-2014 European cohort
Lankester et al Journal of Allergy and Clinical Immunology 2021
• Period: 2006 – 2014
• Reported to the SCETIDE registry
• 43 HCT centers, 338 patients
(80% of SCIDs reported in this
same period)
• None diagnosed by newborn
screening
• CD4 > 500/ul at 1-year: better
outcome and IGG independency

•

All typical SCIDs (Omenn excluded, other SCIDs included if CD3 <300/ul and HCT below the age of 15 months

Wiskott Aldrich Syndrome
PIDTC – 129 patients

• WAS is an X-linked disease caused by mutations in the WAS
gene, leading to thrombocytopenia, eczema, recurrent
infections, autoimmune disease, and malignancy.
• Younger age and MAC regimens are associated with a better
myeloid and lymphoid engraftment and excellent outcome .

Mallhi et al 2021; Albert et al 2011

HSCT in Chronic Granulomatous Disease
(CGD): a study of 712 children and adults
IEWP - EBMT

•

Excellent outcome after HCT in 712 pts with CGD,
with a low incidence of graft failure and mortality.

•

Older pts and recipients of 1-antigen-mismatched
grafts had a less favorable outcome.
HSCT for CGD should strongly be considered at a
young age particularly in the presence of a wellmatched donor

•

Chiesa et al Blood 2020

HSCT for CD40 ligand deficiency: Results
from an EBMT/ESID-IEWP-SCETIDEPIDTC study

•

Best outcome after HCT:
• Pts < 10 years of age and without organ damage
• Matched donors, MAC regimens and bone marrow
as the stem cell source
Ferrua et al ; Journal Allergy Clin Immunol 2019

HSCT for Inborn Errors of Immunity in Brazil
• 1st report of HSCT for PID in Brazil showing the
development and results in this field.
• Period: July 1990 to December 2015.
• Number: 221 pts transplanted in 11 BMT centers
• The median age at transplant was 22 months and
the most frequent diagnosis were SCID (n = 67) and
WAS (n= 67).
• Only 15 pts received unconditioned infusions.
• Most deaths (n=53) occurred in the first year after
HSCT mainly due to infection (55%) and GVHD
(13%).
Fernandes et al JoCI 2019

Outcomes after Haploidentical Cell Transplantation with
PT-CY in Patients with PID in Brazil: 73 patients
WAS: 86%
SCID: 64%
Others: 58%

•
•
•
•
•

Multicenter, retrospective survey
June 2012 - May 2019
Median age – 1.6 years
55 first transplants and 18 salvage transplants
68% had active infections

CGD: 47%

p=0.06

• Median Follow-up : 24 months

Fernandes et al, BBMT 2020
Fernandes et al, BBMT 2020

Haplo-PTCy for Inborn Errors of Immunity
Data from Curitiba: 81 transplants in 77 patients
•
•
•
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Period: Jan 2015 – Sept 2021
First transplants: 69 patients
Salvage transplants (n=12)

Salvage procedures
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Data from Curitiba 2021– not published

SCID and non-SCID patients: Role of pre transplant
infections, nutrition and other co morbidities

SCID and BCGitis

CGD : GI fistulae and fungal
disease

WAS: viral complications and
bleeding

Overall Survival after Haplo-PTCY for SCID :
Curitiba data

2-year overall Survival

Haplo-PTCy vs URD HCT

Pai S.Y., et al. NEJM, 2014

•

Eight pts died at a median of 19 days after HCT (range 8-308), with 5 very-early deaths (median survival of
11 days), four due to bacterial infection and one due to SOS.
Data from Curitiba 2021– updated from 2020 publication

The “excellent group” : Wiskott Aldrich Syndrome
26 transplants in 25 patients ( Haplo-PTCY)
•
•
•

Period: June 2013 – August 2021
Median age: 2.7 years (range; 9 m – 12,8 years)
All received BM and the father was the most frequent donor
ü Upfront: 20 patients (21 transplants)
ü Rescued after primary or secondary GF: 5 patients
Upfront transplants: 20 patients
• First 3 pts received a RIC regimen (Johns Hopkins protocol)
• 2pts died: Aspergillosis(n=1); Secondary GF/CMV(n=1)
• One alive after 2nd Haplo PTCY transplant (secondary GF)
• The next 17 pts: MAC regimen with BU/FLU/ATG.
• All alive and well (3 pts with < 6m FU)
• 1 patient: Mixed chimerism + refractory AIHA and ITP,
successfully treated with a 2nd URD MMUD BMT

Upfront transplants
Haplo 17 pts

CBT 34 pts

Data from Curitiba 2021– updated from the 2020 publication – not published

Outcomes of HLA-mismatched HSCT in patients with IEI following in vitro T-cell
depletion with CD3+TCRαβ/CD19 depleted PBSC or in vivo T-cell depleted HSCT
with post-transplant cyclophosphamide – EBMT/ESID IEWP
Inclusion criteria:

•
•

Study design: Retrospective study
Study period: Jan 2010 – Dec 2018

1. IEI or autoimmune or autoinflammatory disorders
2. 1st HCT with either TCRαβ/CD19 depletion or PTCY
3. Mismatched donors: haplo or or ≤9/10 mismatched donor
Primary outcomes:
•

OS and EFS ( death, graft failure and GVHD)

Secondary outcomes:
•

Early toxicities, immune recovery, infections,
chimerism, post-transplant auto-immunity and
freedom from IVIG replacement
Courtesy Mary Slatter , data not published

Preliminary results
• In vitro T-cell depletion with CD3+ TCRαβ/CD19+ depletion
and in vivo T-depleted HSCT with PTCY have proven
efficacy in patients with IEI

5-year overall survival

• Numbers of transplants using these methods are rapidly
increasing
• Early results suggest that 5 year OS using CD3+
TCRαβ/CD19+ depletion is superior to the use of PTCY, but
differences in patient characteristics may account for this
5-year overall survival

• Further work to be done on differences between the
groups, immune reconstitution and chimerism
Courtesy Mary Slatter , data not published

Gene therapy: The future is here, but how many will
benefit?

Lisa A. Kohn and Donald B. Kohn 2021

Summary and Conclusions
• HSCT can cure many IEI, and results have improved in the past decades:
⇢ Early diagnosis, time to transplant, supportive care and recent transplant approaches
• Rare diseases: International collaboration is the best way to move the field forward
• For newly described IEI, decisions regarding the time to transplant must carefully
consider the risks of HCT against other treatments.
• In countries with restricted resources, patients are still referred with severe infections and
multiple comorbidities. The use of haploidentical donors using PTCY allows immediate
treatment, and there is no need for graft manipulation.
• Newborn screening programs may allow these children to be diagnosed with better clinical
conditions and have superior outcomes (law approved in Brazil).
• Strongly recommended to register your patients (national and international registries), and
collect regional data.
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