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ABSTRACT

Objective: The aim of this study was to determine the factors affecting outcomes in patients who underwent hematopoietic stem cell
transplantation (HSCT) with the diagnosis of severe combined immunodeficiency (SCID). Furthermore, our aim is to share our single-
center experience of HSCT among SCID patients.

Materials and Methods: The data of patients who underwent HSCT with the diagnosis of SCID between January 2014 and January 2021
in the pediatric bone marrow transplant unit of Istanbul Medipol University were retrospectively analyzed. Demographic and clinical data,
treatment regimens, donor source, type of transplantation, pre- and post-transplantation infections, and complications were evaluated.
Results: Among fifteen patients who underwent HSCT, 5 (33%) were female. The mean age at diagnosis was 3 months (1-6 months), and
at transplantation 6 months (3-10 months). The mean time from diagnosis to transplantation was 3 months (2-9 months). There was a
history of consanguineous marriage in thirteen (87%) and sibling death in eight (53%) cases. As donors, six (40%) were siblings and five
(33%) were unrelated, while four (27%) patients underwent haploid transplantation. Four (27%) patients died during the first 100 days of
transplantation. The median follow-up period was 23 months (9-61 months). Overall survival probability was calculated as 73%.
Conclusion: SCID should be considered as an emergency in pediatrics. Devastating complications, including severe organ damage, life-
threatening infections, and even death, could appear in case of diagnostic delay. HSCT is a currently available curative treatment option.
Subjects with a confirmed diagnosis should be referred to the appropriate bone marrow transplant center and treated as soon as possible.
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INTRODUCTION groups, according to the status of B lymphocytes. The fre-

quency of PID in the community is estimated to be between
Primary immunodeficiencies (PID) are defined by the inher-  1/50000 and 100000 (2). In a study conducted in our coun-
ited deficiency and/or dysfunction of components of the  try, it was reported as 1/10000 (3). While the X-linked form is
immunity. Today, more than 430 gene disorders have been  more frequent in western countries, the autosomal recessive
reported to cause congenital defects of the immune system  form is more commonly seen in our region. More than 18

(1). Severe combined immunodeficiency (SCID) represents  gene disorders have been reported to cause SCID, so far.
the most severe form of PIDs. SCID is a heterogeneous dis-

ease group caused by the development disorder and dys-  Hematopoietic stem cell transplantation is the most effi-
function of both T and B cells. It is divided into T-B- or -B+  cient treatment option for patients with SCID, although
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several medical treatments and gene therapies have provid-
ed significant improvements in overall survival and quality of
life for PID patients. Allogeneic hematopoietic stem cell trans-
plantation (HSCT) has been performed for about 50 years in
patients with PID, and the first successful bone marrow (BM)
transplant was performed in 1968 (4).

Factors affecting prognosis include transplant age, pre-trans-
plant infections and organ damage, human leukocyte antigen
(HLA) compeatibility, and preparation regimen. If the diagnosis
is made in a timely way and HSCT is performed from a sibling
with full HLA compatibility, the survival rate is over 90% (4).

MATERIALS AND METHODS

The file data of fifteen patients who underwent HSCT trans-
plantation with the diagnosis of SCID between January 2014
and January 2021 in the pediatric BM transplant unit of Istan-
bul Medipol University were retrospectively analyzed. Diag-
nosis of the patients was established by laboratory evaluation
(complete blood count, immunoglobulin (Ig) G, A, M levels,
CD3*, CD4* and CD8* T lymphocyte, CD19* B lymphocyte and
CD16/56" NK cell counts by flow cytometry) and confirmed by
genetic testing. Age at diagnosis, transplantation age, gender,
family history, HSCT type, donor type, stem cell source, prepa-
ratory regimen treatments, engraftment time and complica-
tions (pre- and post-transplantation infections), veno-occlu-
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sive disease (VOD), and graft versus host disease (GVHD) were
recorded.

The local ethics committee of the hospital approved the study
(June 2020-Decision no: E10840098). Written informed consent
was obtained from the parents of all individuals.

Statistical Analysis

For statistical analysis, Statistical Package for Social Sciences
(SPSS) package program V28.0 was used. For mean, median
standard deviation data, continuous variables were used. Cat-
egorical variables were used for the frequency and percentage
data. p<0.05 was considered significant.

RESULTS

Characteristics of the Patients

Of fifteen patients, five (33%) were girls and ten (67%) were
boys. The median age of symptom onset was 2 months (1-3
months), at diagnosis 3 months (1-6 months), and at transplan-
tation 6 months (3-10 months). The mean time from diagnosis
to transplantation was 3 months (range: 2 and 9 months). The
most common presentation findings were growth retardation
and lower respiratory tract infection (LRTI). There was consan-
guinity among parents in thirteen (87%) patients, and a history
of sibling death in eight (53%) patients. Clinical findings of the
patients are shown in Table 1.

Table 1. Demographic and HSCT characteristics of the patients.

Age at Age at Stem
Patient diagnosis HSCT SCID HSCT HLA cell Preparation
No (months) (months) Sex Consanguinity phenotype Mutation type compatibility source regimen
1 2 5 M Yes T-B-NK+ RAG1 MSD 10/10 BM None
2 3 6 F Yes T-B-NK- ADA MSD 10/10 BM FLU/BU/ATG
3 1 3 M Yes T-B+NK- JAK3 HAPLO 5/10 BM FLU/BU/ATG
4 3 5 F Yes T-B-NK+ RAGT HAPLO 5/10 BM FLU/BU/ATG
5 6 9 F Yes T-B-NK+ RAGT MUD  10/10 PBSC  None
6 5 9 M Yes T-B-NK- ADA MUD  10/10 BM TREO/FLU/ATG
7 2 5 M Yes T-B-NK+ RAGT MUD 10/10 UCB None
8 1 3 M Yes T-B-NK- ADA HAPLO 5/10 PBSC  TREO/FLU/ATG
9 2 3 F Yes T-B-NK+ Unknown MSD 10/10 BM None
10 4 6 M Yes T-B+NK- FOXN1 MSD 10/10 PBSC  TREO/FLU/ATG
11 3 7 M No T-B-NK+ Unknown MUD  10/10 PBSC  TREO/FLU/ATG
12 5 9 F Yes T-B-NK+ Unknown MUD 10/10 PBSC  TREO/FLU/ATG
13 4 10 M No T-B+NK- IL2RG MSD 10/10 BM FLU/BU/ATG
14 2 6 M Yes T-B+NK+ Unknown HAPLO 10/10 BM TREO/FLU/ATG
15 4 8 M Yes T-B-NK- ADA MSD 10/10 BM TREO/FLU/ATG

ADA: Adenosine-deaminase, ATG: Antithymocyte globulin, B: B cell, BM: Bone marrow, BU: Busulfan, F: Female, FLU: Fludarabine, FOXN1: Forkhead box protein N1
(FOXN1), HLA: Human leukocyte antigen, HSCT: Hematopoietic stem cell transplantation, IL2RG: Interleukin-2 receptor gamma, JAK3: Janus kinase 3 (JAK3), M: Male,
MSD: Matched sibling donor, Haplo: Haploidentical, MUD: Matched unrelated donor, NK: Natural killer cell, PBSC: Peripheral blood stem cell, RAG1: Recombination
activating gene 1, SCID: Severe combined immunodeficiency, T: T cell, Treo: Treosulfan, UCB: Umbilical cord blood.
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Genetic analysis was performed in all the patients, and mutation
was detected in eleven of them. There was no registered mu-
tation in four patients. Adenosine-deaminase (ADA) mutations
were found in four cases and recombination activating gene 1
(RAGT) mutations were registered in four cases. Interleukin-2
receptor gamma (IL2RG), forkhead box protein N1 (FOXN1), and
janus kinase 3 (JAK3) mutations were recorded in one case.

Transplantation

As a donor source, six (40%) patients were transplanted from a
fully matched sibling donor (MSD), five (33%) from a matched
unrelated donor (MUD), and four (27%) from a haploidentical
donor. BM samples were used in nine (60%) patients, while pe-
ripheral blood stem cell (PBSC) was used in five (33%) and cord
blood in one patient as stem cell source.
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While eleven (73%) cases were treated with reduced intensity
conditioning (RIC) (intravenous treosulfan 14g/m?%/day, fluda-
rabin 30 mg/m?/day, busulfan 3.5 mg/kg/day, anti-thymocyte
globulin 10 mg/kg/day), and prophylaxis for GVHD (cyclospo-
rine A 3 mg/kg/day, methotrexate 10 mg/m?), no regimen treat-
ment was applied in four (27%) cases. Before transplantation,
six (40%) cases had Cytomegalovirus (CMV) infection and four
of them were intubated in the intensive care unit (ICU). Stem
cells were applied to these cases in the ICU without regimen
treatment. While three patients died during the first 28 days
after transplantation, one patient died on the 45™ day from
sepsis and organ failure. The common features of deceased pa-
tients were poor general condition before transplantation and
disseminated CMV infection. Bacillus Calmette-Guérin (BCG)

Table 2. Complications related to HSCT.

Pre-HSCT

Patient BCG BCG Pre-HSCT general Acute

No Clinical features vaccination activation infection condition GVHH Outcome
Pneumonia, growth Poor,

1 ! N N MV ' N Fatal
retardation ° ° c intubated ° ata

2 Pneumqnla, diexh Yes No Good No Alive
retardation
G h ion, .

3 rovx./t. r.etardatlon No No Good Yes Alive
moniliasis

4 Pneumqnla, growih Yes No Good Yes Alive
retardation
Pneumonia, growth Poor,

E retardation, diarrhea i e Sl intubated O el

6 Grovx./t.h r.etardat|on, Yes No Good No Alive
moniliasis

7 Pneumonia, growth No No MV Poor, No Fatal
retardation, eczema intubated

8 Pneumqnla, growth No No Good Yes Alive
retardation, eczema

9 Pneumonia Yes No CcMV !’oor, No Fatal

intubated

10 Fever, diarrhea Yes Yes Good No Alive

11 Grovx'/t.h r.etardatlon, No No Good No Alive
moniliasis

12 Pneumqnla, growih No No Good No Alive
retardation

13 Pneumqnla, ey Yes No Good No Alive
retardation
Pneumonia, growth

14 retardation, eczema, No No [@\% Poor Yes Alive
moniliasis

15 Pneumonia, eczema Yes Yes cMV Good No Alive

BCG: Bacillus Calmette-Guérin, CMV: Cytomegalovirus, GVHD: Graft-versus-host disease, HSCT: Hematopoietic stem cell transplantation
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vaccine was administered in seven (47%) cases. Anti-tubercu-
losis prophylaxis was applied to these cases during the trans-
plantation process. BCG reaction developed only in one case.

While acute GVHD was developed in four (27%) patients who
underwent transplantation from a haploidentical donor,
chronic GVHD with chronic skin involvement developed in one
patient. Lymphoproliferative disease and VOD did not develop
in any patient. No patient required intravenous immunoglobu-
lin (IVIG) infusion.

Engraftment took place in all patients, except for three patients
who died during the first 28 days after transplantation. Eleven
(73%) surviving cases are still being followed up in our clinic
as fully chimeric. The overall survival probability was calculated
as 73%.

DISCUSSION

SCID represents an urgent condition with fatal outcome in case
of diagnostic and treatment delay. HSCT is the only available
option for treatment of SCID patients (5,6). The aim of our study
was to understand the factors affecting survival and mortality
at the time of diagnosis in SCID patients who were treated with
HSCT.

Early diagnosis significantly affects the survival of patients with
SCID (7,8). Diagnosis is delayed in countries where newborn
screening tests are not applied. Patients with suspected SCID
should be referred to immunology specialists as soon as pos-
sible. If the diagnosis and treatment is delayed, severe organ
damage and/or death can occur.

In some cases of partial SCID, such as Omenn’s syndrome, im-
munologic laboratory markers could be observed in the range
of normal values due to maternal engraftment, resulting in di-
agnostic delay (9,10). Two of our cases with Omenn syndrome
(RAGT mutations) were late-diagnosed because the total lym-
phocyte count, lymphocyte subgroup, and immunoglobulin
levels were found to be normal. CD45RO (memory T cell) marker
should be checked in terms of maternal engraftment in patients
with suspected SCID, with normal first-line immunological tests.

In general, positive family history leads to timely diagnosis. In
a previous study, it was reported that patients with PID who
were diagnosed at birth due to a positive family history were
diagnosed earlier than their family members (11). In our study,
53% (n=8) of cases had a history of sibling death, and conse-
quently they were diagnosed earlier than the patients without
a family history.

One of the most important factors affecting survival in HSCT
is early transplantation. Patients transplanted during the neo-
natal period (first 28 days of life) had better survival rates than
those transplanted later (95% vs 76%; respectively) (12). T cell
development was reported to be significantly improved in pa-
tients with HSCT in the first 3.5 months (13). The mean age of
transplantation of our patients was six months.
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Selection of a suitable donor for transplantation in patients is
of critical importance. In general, stem cell source, condition-
ing treatment, and GVHD prophylaxis depend on the type of
donor (14). HLA typing to evaluate potential donors should be
performed in all family members immediately with the diagno-
sis of SCID. A sibling or related donor that is perfectly matched
with HLA is preferred. When the patient does not have a suit-
able relative, an unrelated matched donor or haploidentical
donor may be selected.

RIC therapy should be preferred in the pre-transplant regimen
treatment. It is less toxic when compared to full myeloablative
regimens. In one study, survival four years after HSCT was 94%
in the RIC group versus 58% in the myeloablative conditioning
group (15). A full myeloablative regimen was applied in none
of our patients. Therefore, no side effects related to regimen
therapy were observed.

Disseminated CMV infection was present in five (33%) cases
before transplantation, and four of them died. Infections are
responsible for most of the deaths that occur before or short-
ly after transplantation. While 5-year survival is 50% in infants
with active infection, it is 82% in infants without infection (16).
The most frequently detected organisms are CMV, Epstein-Barr
virus (EBV), and adenovirus (17). Other important viral patho-
gens include respiratory syncytial virus, parainfluenza, entero-
viruses, hepatitis viruses, and herpes simplex viruses (18). Ad-
ministration of live vaccines to patients with SCID could cause
severe infection (19). The live attenuated BCG vaccine causes
disseminated mycobacterium infection. It is recommended to
give anti-tuberculosis prophylaxis during the transplantation
process to patients who have received the BCG vaccine. Live
vaccines should not be administered in cases with a positive
family history or suspected SCID (20). The polymerase chain
reaction (PCR) method should be used in the diagnosis and
follow-up of viral infections. Serological tests should not be
used in the diagnosis because patients with SCID cannot form
antibody responses and may have positive IgG titers reflecting
maternal or exogenously administered IgG (21).

CONCLUSION

When the diagnosis and treatment of SCID is delayed, severe
organ damage develops, or the patient dies from infections.
Early diagnosis and transplantation in the early period have a
significant positive effect on the survival rate. Patients should
be screened for appropriate donors as soon as they are diag-
nosed and referred to an experienced transplant center for
transplantation.
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