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Introduction: Hematopoietic stem cell transplantation (HCT) can cure chronic

granulomatous disease (CGD). However, transplant-associated morbidity or

mortality may occur, and it is still controversial which patients benefit from this

procedure. The aim of this retrospective study was to evaluate the outcome of

pediatric patients who received HCT in one of the Spanish pediatric

transplant units.

Results: Thirty children with a median age of 6.9 years (range 0.6–12.7) were

evaluated: 8 patients received a transplant from a sibling donor (MSD), 21

received a transplant from an unrelated donor (UD), and 1 received a

haploidentical transplant. The majority of the patients received reduced-

intensity conditioning regimens based on either busulfan plus fludarabine or

treosulfan. Relevant post-HCT complications were as follows: i) graft failure (GF),

with a global incidence of 28.26% (CI: 15.15–48.88), 11.1% in patients with MSD

(1.64–56.70) and 37.08% in unrelated donors (19.33–63.17); and ii) chronic graft-

versus-host disease (GVHD), with an incidence of 20.5% (8.9–43.2), 11.1% in

patients with MSD (1.64–56.70) and 26.7% in unrelated donors (10.42–58.44).

Post-HCT infections were usually manageable, but two episodes of pulmonary

aspergillosis were diagnosed in the context of graft rejection. The 2-year OS was

77.3% (55.92–89.23). There were no statistically significant differences among

donor types.
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Discussion: HCT in patients with CGD is a complex procedure with significant

morbidity and mortality, especially in patients who receive grafts from unrelated

donors. These factors need to be considered in the decision-making process and

when discussing conditioning and GVHD prophylaxis.
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1 Introduction

Chronic granulomatous disease (CGD) is a rare primary

immunodeficiency, included in group V of the UIUS classification

(1), and is associated with phagocyte dysfunction resulting from

genetic defects in some of the different subunits of the NADPH

oxidase complex. Depending on the protein subunit affected, the

pattern of inheritance is autosomal recessive (AR) or X-linked. As a

consequence of the molecular defect in the respiratory burst, patients

develop not only recurrent infections, typically bacterial or fungal, but

also immune dysregulation and inflammation, particularly colitis and

chronic lung disease. Improved diagnosis, understanding of the

phys iopathology , l i fe long ant imicrobia l prophylax is ,

immunosuppression, and prompt treatment of complications have

increased the survival of these patients over the last few decades, and

CGD patients are now expected to survive into adulthood. However,

despite antimicrobial prophylaxis, infections still occur and the

lifetime risk of invasive Aspergillosis, the leading cause of death, is

estimated to be 20%–40%. In addition to a compromised survival,

patients with CGD who remain on conventional treatment also suffer

a significant disease burden. They experience failure to thrive and

have an impaired quality of life. A higher median survival rate has

been reported for autosomal recessive forms compared with X-linked

forms (50 versus 38 years) (2, 3).

Hematopoietic cell transplantation (HCT) is currently the only

potentially curative therapy available for CGD. However, it is

controversial whether all CGD patients can benefit from HCT, as

the procedure is associated with potentially life-threatening

complications. In more recent years, transplant-related morbidity

and mortality have been reduced by improvements in low-toxicity

conditioning protocols, supportive therapy, management of

infections, and graft-versus-host disease (GVHD), leading to

increased interest in early HCT for CGD patients. In addition, a

reduction in the number of episodes of infection and a decrease in the

rate of growth retardation have been reported after a successful HCT

(4, 5). In these circumstances, the indications for transplantation in

CGD have become less restrictive. Unrelated and mismatched donors
02
can be considered acceptable, and patients with few complications are

considered candidates. This situation has recently led to an increase

in the number of CGD patients in our HCT units.

This study aimed to evaluate the situation in Spain regarding

the number of pediatric CGD patients receiving HCT and

their outcomes.
2 Patients and methods

The study is a retrospective review of pediatric patients who

underwent an HCT between 2007 and 2020 in five centers of the

Spanish Pediatric Group for Hematopoietic Stem Cell

Transplantation and Cellular Therapy.

Patients or their legal guardians had previously signed an

informed consent for stem cell transplantation and for the data

registry. Approval was obtained from the Ethics Committee for

Clinical Research.

Patients admitted to HCT transplant units received supportive

care and antimicrobial prophylaxis according to institutional

guidelines. All patients received antifungal prophylaxis, either

lyposomal amphotericin B-based or azole-based. Prophylactic

acyclovir was given to patients who were seropositive for HSV,

VZV, or CMV. CMV reactivation was routinely monitored, and

treatment was given if reactivation occurred. Antibacterial

prophylaxis was not given routinely.

For conditioning therapy, recommendations from EBMT, ESID,

and IEWP guidelines were routinely followed where available (6).
2.1 Definitions

Neutrophil recovery was defined as the first of 3 consecutive

days with an absolute neutrophil count >0.5 × 10E9/L; platelet

recovery was defined as unsupported platelet count >20 × 10E9/L.

Primary graft failure was defined as failure to achieve neutrophil

recovery or donor chimerism <5% on day +28 post-HCT.
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Secondary rejection was defined as graft loss after neutrophil

engraftment, as evidenced by decreasing donor chimerism with or

without accompanying pancytopenia.

Grading of acute GVHD (aGVHD) was performed according to

the Glucksberg-Seattle criteria and the NIH consensus criteria for

chronic GVHD (cGVHD) (7–10).

In the situation where busulfan AUC was not available, the

intensity of the conditioning regimen was determined according to

whether the dose had been prescribed according to protocol A

(myeloablative, busulfan-based) or protocol C (reduced intensity,

busulfan-based) of the ESID/IEWP guidelines (6).
2.2 Statistical methods

Quantitative variables are expressed as means and standard

deviations and qualitative variables as absolute numbers and

percentages. For continuous variables, statistical tests are

performed using Student’s t-test or Mann–Whitney’s U test,

depending on the distribution and the variable. Chi-square or

Fisher’s exact test is used for qualitative variables. The general

characteristics of the patients grouped by transplant are described,

and statistical tests are performed that show homogeneous

populations with a level of significance greater than 0.05. Kaplan–

Meier estimation was used to calculate the survival and cumulative

incidence of the various endpoints. The log-rank test was used to

test for differences among groups for these time-to-event variables.
3 Results

Data from 30 pediatric patients with CGD who underwent HCT

between 2007 and 2020 at five transplant centers were analyzed. The

characteristics of the patient, the transplant, and the outcomes are

detailed in Supplementary Table 1 and summarized in Table 1.

Twenty-four male and six female patients were included. One

patient had associated McLeod syndrome. The female patients had

an AR inheritance pattern. The median age at diagnosis was 1.2

years (IQR 1 month–9 years) and the median age at transplantation

was 6.9 years (IQR 0.6–12.7 years). Nine patients were ≤4 years old

at HCT. All patients had experienced bacterial or fungal infections

prior to HCT, and 18 of them also had inflammatory episodes.

However, while all patients had significant complications prior to

HCT, these were not active at the time of HCT in the majority of

patients, with only two patients reporting active inflammation.

Relevant pulmonary sequelae of previous complications were

described in two of these patients.

Residual oxidative burst capacity was reported in seven patients;

in the remaining patients, this complication was either missing,

reported as “absent,” or 0%.

One patient received a transplant from a haploidentical donor,

eight patients from matched sibling donors (MSD), and 21 patients

from unrelated donors. The unrelated donors were 10/10 HLA

matched in 13 cases and 9/10 HLA matched in eight cases.

The most common conditioning regimen was based on

busulfan (n = 22): 21 patients received busulfan and fludarabine,
Frontiers in Immunology 03
and one patient transplanted in 2009 received busulfan and

cyclophosphamide. The AUC of busulfan was assessed in nine

patients. The AUC value was 85–95 mg*h/L in one patient and 65

mg*h/L in the remaining patients. The eight patients received

treosulfan-based conditioning, either treosulfan plus fludarabine

(n = 3) or treosulfan, thiotepa, and fludarabine (n = 5). Seven

patients received peripheral blood stem cell (PBSC) transplants, and

the rest of them received bone marrow (BM). Ex-vivo graft T-cell

lymphodepletion (TCD) was performed in five patients, four of

whom received grafts from 9/10 HLA-matched donors. The TCD

consisted of CD19/TCRab+ cell depletion in two cases, partial
TABLE 1 Summary of patient and transplant characteristics.

Number of patients

Sex

Male 23

Female 7

Inheritance

X-linked 14

AR 12

Missing data 4

Donor

MSD 8

10/10 UD 13

9/10 UD 8

Haploidentical 1

Conditioning

Busulfan, fludarabine 21

Busulfan, cyclophosphamide 1

Treosulfan, fludarabine 3

Treosulfan, thiotepa, fludarabine 5

Serotherapy

ATG 11

Alemtuzumab 15

No 4

In-vitro T-cell depletion

No 25

TCRab/CD19 depletion 2

CD45 RA+ depletion 1

Partial CD3 depletion 2

Stem cell source

Bone marrow 23

Peripheral blood 7
AR, autosomal recessive; MSD, matched sibling donor; UD, unrelated donor; ATG,
antithymocyte globulin.
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depletions of the total CD3 cell dose in two patients, and CD45RA+

cell depletion in one patient. For the patient who received a

haploidentical transplant, the post-transplant cyclophosphamide

platform was selected.

All patients except one received grafts with a cell content above

2 × 108 CN/kg or 2 × 106 CD34/kg.
3.1 Outcome

3.1.1 Engraftment
Eight of the 30 transplanted patients experienced graft failure.

Two of them had primary graft failure and six had secondary graft

rejection. Six of the patients who had graft rejection had received

busulfan-based conditioning, and two had received treosulfan-

based conditioning. Busulfan AUC was available for one patient

(reduced intensity) and was not measured in the other patients. The

two patients who experienced primary rejection were 9 years old;

the ages of the patients who experienced secondary rejection were 1,

1.3, 2.8, 5.8, 8.9, and 12.3 years. Seven of the patients with graft

failure had received transplants from unrelated donors: four

patients from 10/10 HLA-matched donors, three from 9/10 HLA-

matched donors, and one from an MSD. The cumulative incidence

of graft failure at 2 years was 28.26% (CI: 15.15–48.88) (Figure 1).

The 2-year incidence of graft failure was 11.1% (95% CI 1.64–56.7)

for MSD transplants and 37.08% (95% CI 19.33–63.17) for UD

transplants (P = 0.208). Regarding graft characteristics of the two

patients who experienced a primary rejection, one patient had

received a graft with less than 2 × 10E8/kg TNC and <2 × 10E6/

kg CD34 cells; the second patient had received a graft with partial

CD3 depletion.

All patients who experienced primary or secondary rejection

underwent a second transplant. After this second procedure, six

patients engrafted and two required a third transplant. The stem cell

donor for the second transplant was the same as for the first

transplant in four patients, a haploidentical donor in three

patients, and a different matched unrelated donor in one patient.

Of these eight patients, five are engrafted and alive and three died of

transplant-related complications.
Frontiers in Immunology 04
3.1.2 GVHD
Acute GVHD ≥grade II was diagnosed in 11 patients and grades

III–IV was described in three patients. Chronic GVHD was

diagnosed in four patients: the disease was mild in two patients,

moderate in one, and severe in one. The 2-year cumulative

incidence of cGVHD was 20.5% (95% CI 8.9–43.2). The incidence

of cGVHD was 11.1% (95% CI 1.95–56.7) in related donors and

26.71% (95% CI 10.42, 58.44) in unrelated donors (P = 0.4811).

There were no statistically significant differences in the incidence of

cGVHD according to donor type (Figure 2).
3.1.3 Other complications
Bacteriemia was diagnosed in nine patients in the first 3 months

after HCT.

Viral infections included one CMV disease (colitis), one EBV-

PTLD, and one herpes zoster. Four patients had CMV viremia and

four patients had more than one virus blood reactivation (without

disease): two patients had CMV and EBV, and two patients had

HHV6, EBV, CMV, and adenovirus.

Pulmonary aspergillosis was diagnosed in two patients during

the period of pancytopenia following graft rejection. No other

fungal infections were diagnosed in this cohort.

Two patients experienced post-HCT autoimmune cytopenias.

One of them had autoimmune hemolytic anemia that responded to

steroids and rituximab. The second patient had autoimmune

hemolytic anemia and thrombocytopenia that were steroid-

dependent and required abatacept with good response.
3.2 Overall survival, graft-failure-free
survival, and cGVHD-free survival

The 5-year overall survival rate was 77.3% (95% CI 55.92–89.23).

No statistical differences were found when assessing for donor, acute

GVHD, or chronic GVHD. Six patients (20%) died of transplant-

related causes. The causes of death were acute GVHD, pneumonitis,

pulmonary hypertension, venooclusive disease of the liver (VOD),

necrotizing hepatitis, and disseminated aspergillosis (Figure 3).
FIGURE 2

Cumulative incidence of chronic GVHD (all patients).

FIGURE 1

Cumulative incidence of graft failure over time (all patients).
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The 2-year cGVHD-free survival was 57.41% (95% CI 36.01–

73.97) (Figure 4).

The outcomes are summarized in Table 2.
4 Discussion

In this report, we describe the transplantation details and

outcomes of 30 pediatric patients with chronic granulomatous

disease who underwent allogeneic HCT in Spanish pediatric

transplant centers. Our results provide useful information for the

clinical management and transplantation process of the emerging

indication for HCT. However, the relatively small size of the cohort

did not allow us to establish statistical significance for factors

potentially contributing to adverse events. The main limitations

of our report are its retrospective nature and the lack of comparison

with the outcome of patients who did not receive HCT.

The small cohort size of our study and the inclusion of siblings

may explain the slightly higher proportion of AR inheritance.

The two most common complications were graft failure and

GVHD. All patients in the cohort underwent transplantation

because of their severe phenotype, characterized by life-

threatening infections or inflammatory complications, which may

partly account for the high risk of adverse events of graft rejection

and GVHD.

HCT is currently the only curative therapy for CGD, but debate

continues about which patients are able to benefit and the optimal

timing of HCT. In the early 2000s, a few reports of HCT in CGD
Frontiers in Immunology 05
demonstrated good engraftment in both the MSD and UD settings

(4, 11, 12). The patients included in those small series usually

received mainly BuCy conditioning, and transplant-related

complications were limited to those with pre-existing infection or

inflammation. Attempts to reduce the intensity of the conditioning

regimen have been published, and the encouraging results have led

to a less restrictive approach to transplantation. In 2014, Güngör

et al. (13) demonstrated reduced toxicity, a low graft failure rate

(5%), and reduced transplant-related mortality in a cohort of 56

patients, mainly with high-risk CGD. These results were confirmed

in a large study of 712 patients (635 children) that reported a 3-year

OS and EFS of 85.7% and 75.8%, respectively, with a low incidence

of cGVHD and a graft failure rate of 12% (14). Overall, these results

suggested that a reduced toxicity approach should be preferred in

patients with CGD. When treosulfan was used in a cohort of 70

patients (15), the 2-year probability of survival was 90.48% with no

significant difference in OS between transplants from UD or MSD.

However, secondary graft failure occurred in 12% of the patients.

Previous studies have reported negative outcomes and significant

complications associated with the HCT process. For example, a non-

myeloablative conditioning regimen consisting of cyclophosphamide

and fludarabine resulted in a high rate of graft failure and a

transplant-related mortality (TRM) rate as high as 38% (16). In

another study, Dedieu et al. (5) compared a cohort of patients who

received conventional treatment with a subset of patients who

underwent HCT. In this cohort, the graft failure rate was 14% and

patients who rejected were either younger than 4 years or had

received RIC transplants with busulfan-based conditioning from a

9/10 HLA-matched donor. The results also showed that patients who

remained on conventional therapy continued to develop significant
TABLE 2 Summary of outcomes.

Cumulative
incidence

95% CI

Graft failure (2 years) 28.26% 15.15–48.8

Graft failure for MSD
(2 years) 11.10% 1.64–56.7

Graft failure for UD
(2 years) 37.08% 19.33–63.17

Acute GVHD (grades II–IV) 34.19% 14.24–68

Chronic GVHD (2 years) 20.50% 8.9–43.2

Chronic GVHD for MSD
(2 years) 11.10% 1.95–56.7

Chronic GVHD for UD
(2 years) 26.71% 10.42–58.44

Overall survival (5 years) 77.30% 55.92–89.23

GVHD-free survival
(2 years) 57.41% 36.01–73.97

GVHD-free survival for
MSD (2 years) 62.50% 22.93–86.07

GVHD-free survival for UD
(2 years) 56.05% 30.44–75.44
MSD, matched sibling donor; UD, unrelated donor; GVHD, graft-versus-host disease.
FIGURE 4

Chronic GVHD-free survival (all patients).
FIGURE 3

Overall survival (all patients).
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complications over time. On the other hand, after successful HCT,

there was a reduction in infectious episodes and in the rate of growth

retardation. Other countries, such as Japan, have also published their

valuable experiences in this setting (17).

Haploidentical HCT in patients with CGD has been shown to

be effective in some case reports (18). However, a high rate of

GVHD has been reported with the post-HCT cyclophosphamide

regimen (19, 20), and the best platform in this setting remains to

be determined.

In our cohort, the vast majority of patients with rejection (7/8)

had received a transplant from an unrelated donor. Three of the six

patients with secondary rejection were younger than 4 years,

supporting the idea that this particular subgroup of very young

patients may be at higher risk of rejection. Busulfan AUC was

available for a minority of patients, which is also a limitation.

Regarding GVHD prophylaxis in our cohort, cyclosporine A

plus MMF was the most commonly used regimen. Acute grade III–

IV GVHD was described in three patients. GVHD was the cause of

death in one patient. In this regard, some reports, at least in the

myeloablative setting, describe inferior graft outcomes with

cyclosporine plus MMF compared with cyclosporine plus

methotrexate (21). Post-HCT infections were usually manageable,

but two episodes of pulmonary aspergillosis were diagnosed in the

context of graft rejection. Second HCT procedures were feasible in

these patients, probably reflecting the fact that these patients were

centralized and transplanted in pediatric HCT reference centers.

Altogether, these results suggest that the best approach for this

group of patients remains to be determined.

In conclusion, allogeneic HCT resulted in the successful

resolution of CGD with excellent survival in the majority of

patients. These results support the message of feasibility and

efficacy of allogeneic HCT in patients with CGD and previous

complications, especially in those with a matched sibling donor.

However, there are potential challenges in the management of these

patients, namely, graft rejection, especially in young patients and

those receiving unrelated donor grafts. If a suitable MSD is not

available, the decision to proceed to performHCT with an unrelated

donor must be carefully considered and both the platform of the

transplant and the conditioning regimen must be refined to try to

reduce the risk of rejection and the risk of GVHD. Our results

suggest that younger children and children receiving grafts from

unrelated donors may require more intensive conditioning to

achieve stable engraftment.
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Française de Greffe de Moëlle et Thérapie Cellulaire (SFGM-TC), Dana Farber
Cancer Institute (DFCI), and International Bone Marrow Transplant Registry
(IBMTR) prospective study. Blood (2005) 106:1495–500. doi: 10.1182/blood-2004-
11-4557

11. Seger RA, Gungor T, Belohradsky BH, Blanche S, Bordigoni P, Bartolomeo P,
et al. Treatment of chronic granulomatous disease with myeloablative conditioning and
Frontiers in Immunology 07
an unmodified hemopoietic allograft: a survey of the European experience, 1985-2000.
Blood (2002) 100(13):4344–50. doi: 10.1182/blood-2002-02-0583

12. Horwitz ME, Barrett AJ, Brown MR, Carter CS, Childs R, Gallin JI, et al.
Treatment of chronic granulomatous disease with nonmyeloablative conditioning and
a T-cell-depleted hematopoietic allograft. N Engl J Med (2001) 44:881–8. doi: 10.1056/
NEJM200103223441203

13. Chiesa R, Wang J, Blok HJ, Hazelaar S, Neven B, Moshous D, et al.
Hematopoietic cell transplantation in chronic granulomatous disease: a study of 712
children and adults. Blood (2020) 136:1201–11. doi: 10.1182/blood.2020005590

14. Morillo-Gutierrez B, Beier R, Kanchan Rao K, Burroughs L, Schulz A, Ewins
AM, et al. Treosulfan-based conditioning for allogeneic HSCT in children with chronic
granulomatous disease: a multicenter experience. Blood (2016) 128(3):440–8. doi:
10.1182/blood-2016-03-704015

15. Hamilton BK, Liu Y, Hemmer MT, Majhail N, Ringden O, Kim D, et al. Inferior
outcomes with cyclosporine and mycophenolate mofetil after myeloablative allogeneic
hematopoietic cell transplantation. Biol Blood Marrow Transplant (2019) 25(9):1744–
55. doi: 10.1016/j.bbmt.2019.05.019

16. Güngör T, Teira P, Slatter M, Stussi G, Stepensky P, Moshouset D, et al. Reduced
intensity conditioning and HLA-matched haemopoietic stem-cell transplantation in
patients with chronic granulomatous disease: a prospective multicenter study. Lancet
(2014) 383:436–48. doi: 10.1016/S0140-6736(13)62069-3

17. Yanagimachi M, Kato K, Iguchi A, Sasaki K, Kiyotani C, Koh K, et al.
Hematopoietic cell transplantation for chronic granulomatous disease in Japan.
Front Immunol (2020) 11 1617. doi: 10.3389/fimmu.2020.01617

18. Parta M, Hilligoss D, Kelly C, Kwatemaa N, Theobald N, Malech H, et al.
Haploidentical hematopoietic cell transplantation with postTransplant
cyclophosphamide in a patient with chronic granulomatous disease and active
infection: A first report. J Clin Immunol (2015) 35(7):675–80. doi: 10.1007/s10875-
015-0204-y

19. Parta M, Hilligoss D, Kelly C, Kwatemaa N, Theobald N Zerbe CS, et al. Failure
to prevent severe graft-versus-host disease in haploidentical hematopoietic cell
transplantation with post-transplant cyclophosphamide in chronic granulomatous
disease. J Clin Immunol (2020) 40(4):619–24. doi: 10.1007/s10875-020-00772-z

20. Folloni Fernandes J, Nichele S, Arcuri LJ, Lisandro Ribeiro L, Zamperlini-Netto
G, Loth G, et al. 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. doi: 10.1016/
j.bbmt.2020.07.003

21. Slatter MA. Gennery AR Hematopoietic cell transplantation in primary
immunodeficiency – conventional and emerging indications. Expert Rev Clin
Immunol (2018) 14(2):103–14. doi: 10.1080/1744666X.2018.1424627
frontiersin.org

https://doi.org/10.1007/s10875-020-00758-x
https://doi.org/10.1016/j.bbmt.2010.09.008
https://doi.org/10.1007/s12016-020-08800-x
https://doi.org/10.1007/s12016-020-08800-x
https://doi.org/10.1111/j.1365-2141.2009.07614.x
https://doi.org/10.1111/pai.13402
https://doi.org/10.1038/s41409-021-01378-8
https://doi.org/10.1016/j.bbmt.2015.09.001
https://doi.org/10.1097/00007890-197410000-00001
https://doi.org/10.1097/00007890-197410000-00001
https://doi.org/10.1016/j.bbmt.2016.09.023
https://doi.org/10.1182/blood-2004-11-4557
https://doi.org/10.1182/blood-2004-11-4557
https://doi.org/10.1182/blood-2002-02-0583
https://doi.org/10.1056/NEJM200103223441203
https://doi.org/10.1056/NEJM200103223441203
https://doi.org/10.1182/blood.2020005590
https://doi.org/10.1182/blood-2016-03-704015
https://doi.org/10.1016/j.bbmt.2019.05.019
https://doi.org/10.1016/S0140-6736(13)62069-3
https://doi.org/10.3389/fimmu.2020.01617
https://doi.org/10.1007/s10875-015-0204-y
https://doi.org/10.1007/s10875-015-0204-y
https://doi.org/10.1007/s10875-020-00772-z
https://doi.org/10.1016/j.bbmt.2020.07.003
https://doi.org/10.1016/j.bbmt.2020.07.003
https://doi.org/10.1080/1744666X.2018.1424627
https://doi.org/10.3389/fimmu.2024.1307932
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Hematopoietic stem cell transplantation in children with chronic granulomatous disease: the Spanish experience
	1 Introduction
	2 Patients and methods
	2.1 Definitions
	2.2 Statistical methods

	3 Results
	3.1 Outcome
	3.1.1 Engraftment
	3.1.2 GVHD
	3.1.3 Other complications

	3.2 Overall survival, graft-failure-free survival, and cGVHD-free survival

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


