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Abstract
Background:New strategies to optimize donor selection for hematopoietic stem cell transplanta-

tion (HSCT) havemainly beenevaluated in adults, but thedisease spectrumrequiringHSCTdiffers

significantly in children and has consequences for the risk of complications, such as graft-versus-

host disease (GvHD).

Procedures:Here we evaluated whether HLA-DPB1 and Predicted Indirectly ReCognizable HLA-

Epitope (PIRCHE)matching can improvedonor selection andminimize risks specific for a pediatric

cohort undergoing HSCT in Berlin between 2014 and 2016.

Results: The percentage of HLA-DPB1–mismatchedHSCT in the pediatric cohort was in line with

the general distribution among matched unrelated donor HSCT. Nonpermissive HLA-DPB1 mis-

matches were not associated with a higher incidence of GvHD, but the incidence of relapse was

higher in patients undergoing HSCT from HLA-DPB1–matched transplantations. High PIRCHE-I

scores were associated with a significantly higher risk for developing GvHD in patients under-

going HSCT from nine of ten matched unrelated donors. This finding persisted after including

HLA-DPB1 into the PIRCHE analysis.

Conclusions: Implementing PIRCHE typing in the donor selection process for HSCT in children

could particularly benefit children with nonmalignant diseases and support further validation of

PIRCHE-based donor selection in a larger number of children treated at different sites.
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tion, PIRCHE

1 INTRODUCTION

Hematopoietic stem cell transplantation (HSCT) is predominantly a

curative approach in adults for high-risk malignant diseases, but pro-

vides the only chance of cure for many children with nonmalig-

nant diseases. Graft-versus-host disease (GvHD), infections, and graft

rejection remain the primary risk factors in both pediatric and adult

patients.1 However, although GvHD provides some benefit in cancer

Abbreviations: GvHD, graft-versus-host disease; HSCT, hematopoietic stem cell transplantation; PIRCHE, Predicted Indirectly ReCognizable HLA-Epitope.
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patients knownas thegraft-versus-leukemia effect, it shouldbe strictly

avoided inpatientswithnonmalignantdiseases.2 In acuteGvHD,donor

T lymphocytes attack recipient tissues to cause end-organ damage

mainly affecting the skin, liver, and intestines.3 Severe stage IVGvHD is

associated with a mortality rate of approximately 90%.4 The main risk

factors for acute GvHD known to date are major and minor HLA dis-

parities, preexisting infections, total body irradiation, donor/recipient

sex mismatch, and use of peripheral blood stem cells as the graft
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source.5,6 Matching HLA-A, -B, -C, -DRB1, and -DQB1 alleles (10/10

match) between patient and donor is currently the gold standard for

unrelated donor selection.7 However, GvHD occurs even in trans-

planted patients with 10 of 10 HLA matches. HLA-DPB1 has been

added as an additional locus for typing in the donor and recipient.

The DP subclass of HLA molecules is represented at ∼10-fold lower

levels on the cell surface than the DR or DQ subclasses, and their

lower levels have prompted a common assumption that they are less

important in the immune response.8 HLA-DPB1, however, encodes

a fully functional molecule with documented specific responses in a

number of settings. Based on the existence of shared T-cell epitopes

expressed by HLA-DPB1 alleles, HLA-DPB1 alleles were classified

according to their predicted immunogenicity into a highly immuno-

genic group 1 (HLA-DPB1*09:01, *10:01, and *17:01), intermediately

immunogenic group 2 (HLA-DPB1 *03:01, *14:01, and *45:01), and

poorly immunogenic group 3 (most other HLA-DPB1 alleles).9 This

TCE algorithm was proposed for use in unrelated donor selection to

identify permissive or nonpermissive HLA-DPB1 mismatches.10 The

importance of HLA-DPB1 genes remains uncertain, and pretransplan-

tation typing is not yet routinely performed. A donor-recipient HLA-

DPB1 mismatch was shown to be associated with an increased risk

for acute GvHD.11 In a different cohort, the incidence of relapse

was higher in recipients receiving transplantations from HLA-DPB1–

matched donors.12 Nevertheless, HLA-DPB1 categorization according

toT-cell epitopegrouping appears to allow the identificationof permis-

sive and nonpermissive mismatches relevant for survival, GvHD, and

relapse occurrence.12,13

Another recently developed matching strategy is the Predicted

Indirectly ReCognizable HLA Epitopes (PIRCHE) algorithm. PIRCHE

predicts the indirect recognitionofmismatchedHLApeptidesbydonor

T cells that cause alloreactivity after HSCT.14 PIRCHE-I epitopes are

designated as unique nonameric peptides derived from the patient’s

mismatched HLA proteins (HLA-A, -B, -C, -DRB1, -DQB1, and -DPB1)

that do not occur in the self-peptide repertoire of the donor andwhich

bind to matched HLA class I molecules (HLA-A, -B, and -C). PIRCHE-

II epitopes, in turn, are designated as unique nonameric cores of non-

self 15-mer peptides derived from the patient’s mismatched HLA, and

are predicted to bind to matched class II molecules (HLA-DRB1). The

PIRCHEmodel predicts the numbers of peptides derived from themis-

matched HLA molecules that can be presented on the cell surface of

donor-patient shared HLA molecules.15–17 Thus, the PIRCHE score

equals the number of HLA-derived T-cell epitopes. Higher PIRCHE

scores for HLA classes I or II (PIRCHE-I or -II) have been correlated to

acute GVHD development in adult patients.15,16,18

Little is known about the impact of donor-recipient matching using

HLA-DPB1 and PIRCHE for HSCT in children. The disease spectrum

underlying a recommendation for HSCT differs between children

and adults. A variety of malignant and nonmalignant diseases occur

in children, including hemoglobinopathies, immunodeficiencies, and

genetic disorders, which require HSCT as their only chance for cure.

These diseases are accompanied by disease-inherent risk factors that

do not usually occur in adult patients with leukemia,19–21 the primary

reason for HSCT in adults. Chronic colitis or autoimmune disorders

accompanying the underlying diseases in children raises their risk to

develop GvHD. GvHD should also be avoided completely in children

undergoing HSCT for nonmalignant diseases, because they receive

no benefit from the GvHD accompanying, graft-versus-leukemia

effect.6,22 How well risk for GvHD can be defined using HLA-DPB1

andPIRCHE tomatch donors to pediatric recipients remains unknown.

Here we retrospectively evaluated HLA-DPB1 matching and PIRCHE

matching to select donors in a cohort of 105 children who underwent

HSCT in Berlin between January 2014 andDecember 2016.

2 MATERIALS AND METHODS

2.1 Patient cohort

TheDepartment of Pediatric Oncology andHematology at the Charité

– Universitätsmedizin Berlin performed a total of 134 HSCTs in

127 patients between January 2014 and December 2016. Of the

127 patients, five children were transplanted twice and one child

three times. Ten patients undergoing haploidentical HSCT from a

mismatched related donor and 19 patients receiving autologous grafts

were not included in this evaluation. HLA typing was performed for

all patients and donor pairs for HLA-A, -B, -C, -DRB1, -DQB1, and

-DPB1. Donors for the 105 transplanted patients included in the

analysis matched for 9 of 10 (n = 20) HLA alleles or 10 of 10 (n = 85)

HLA alleles. Median age at HSCT was 7.8 years (range, 0.3-26.3

years) and median follow-up was 1.8 years (range, 0.1-4.3 years) for

the 105 patients included in the analysis. The underlying diagnoses,

treatment information, and detailed patient characteristics for these

105 patients are presented in Table 1.

2.2 HLA typing

All donor-patient pairs were prospectively genotyped for the HLA-A,

-B, -C, -DRB1, and -DQB1 alleles using sequencing-based typing (Pro-

transGmbH,Hockenheim,Germany), a previously describedmethod23

based on Sanger chain-termination sequencing. HLA-DPB1 typingwas

retrospectively performed on all donor-patient pairs using the LAB-

Type SSO-Kit (One Lambda, Austin, TX, USA). Briefly, target DNA

was amplified using PCR and biotinylated HLA group-specific primers,

then denaturated and bound to complementary DNA probes conju-

gated to microspheres. Microspheres were labeled with streptavidin-

R-phycoerythrin and flow cytometrically detected.

2.3 DPB1 T-cell epitopematching

Classifying HLA-DPB1mismatches into permissive and nonpermissive

T-cell epitope groups was performed using the calculator (DPB1 T-

Cell Epitope Algorithm v2.0) provided on the EMBL-EBI Hinxton web-

site (https://www.ebi.ac.uk/ipd/imgt/hla/dpb.html), and implemented

as part of the DPB1 T-Cell Epitope tools in collaboration with K. Fleis-

chhauer (University Hospital Essen, Germany) and B. Shaw (CIBMTR,

USA).9,24

https://www.ebi.ac.uk/ipd/imgt/hla/dpb.html
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TABLE 1 Patient characteristics of the pediatric HSCT cohort

Variable

9/10HLA
match
(20 patients)

10/10HLA
match
(MSD+MUD,
85 patients)

Median age at HSCT, years (range) 8.3 (0.3-17.5) 7.7 (0.7-26.3)

Graft source

PBSC (%) 2 (10.0) 6 (7.0)

Bonemarrow (%) 18 (90.0) 78 (91.8)

Bonemarrow+ cord blood (%) 0 (0) 1 (1.2)

Patient sex

Female (%) 12 (60.0) 30 (35.3)

Male (%) 8 (40.0) 55 (64.7)

Underlying diagnosis

Acute lymphoblastic leukemia (%) 6 (30.0) 26 (30.7)

Acutemyeloid leukemia (%) 0 (0) 11 (12.9)

Lymphoma (%) 1 (5.0) 4 (4.7)

Myelodysplastic syndrome (%) 4 (20.0) 7 (8.2)

Fanconi anemia (%) 2 (10.0) 1 (1.2)

Immune deficiency (%) 2 (10.0) 11 (12.9)

Septic granulomatosis (%) 1 (5.0) 8 (9.4)

ß-Thalassemia (%) 3 (15.0) 1 (1.2)

Sickle cell disease (%) 1 (5.0) 11 (12.9)

X-linked adrenoleukodystrophy (%) 0 (0) 5 (5.9)

Conditioning regimen

Total body irradiation,
etoposide (%)

3 (15.0) 17 (20.0)

Busulfan, cyclophosphamid,
(melphalan) (%)

3 (15.0) 12 (14.1)

Fludarabin, busulfan, (clofarabin) (%) 3 (15.0) 15 (17.6)

Fludarabin, thiotepa, (melphalan) (%) 1 (5.0) 17 (20.0)

Treosulfan-based (%) 4 (20.0) 11 (12.9)

Others (%) 6 (30.0) 13 (15.3)

GvHD prophylaxis

Ciclosporine 19 (95) 84 (98.8)

Mycophenolate mofetil 10 (50) 38 (44.7)

Methotrexate 14 (70) 43 (50.6)

Serotherapy

ATG 14 (70) 53 (62.4)

Mab Campath 6 (30) 21 (24.7)

none 0 (0) 11 (12.9)

Donor relationship

Related (%) 1 (5.0) 34 (40.0)

Unrelated (%) 19 (95.0) 51 (60.0)

Sexmismatch

Female tomale (%) 2 (10) 15 (17.6)

Male to female (%) 9 (45) 19 (22.4)

GvHD, graft-versus-host disease; HLA, human leukocyte antigen;
HSCT, hematopoietic stem cell transplantation; MSD, matched sibling
donor;MUD,match unrelated donor; PBSC, peripheral blood stem cells.

2.4 The PIRCHE algorithm

PIRCHEepitopeswere determined as previously described,15,16,25 and

PIRCHE scores were calculated using the PIRCHE algorithm (version

2.4, available at https://pirche.com), which relies on the netchop pre-

dictor for proteasomal cleavage (version 3.1),26 netMHCpan to pre-

dict peptide binding to HLA class I molecules (version 2.4)27 and

netMHCIIpan to predict peptide binding to HLA class II molecules

(version 3.0).28 Two-field HLA typing for patients and donors were

translated into amino acid sequences of the mature HLA protein

using the IPD-IMGT/HLA database (version 3.24). Incompletely filed

sequences were completed using nearest-neighbor extrapolation as

previously described.29 PIRCHE-I epitopes were considered relevant

if the cleavage threshold was ≥0.5 and binding affinity (IC50) was

≤500nM.PIRCHE-II epitopeswere considered relevant if the IC50 was

≤1000 nM.

2.5 Statistical analysis

Datawere retrospectively analyzed. The differences in PIRCHE scores

between patient subgroups (with and without diagnosed acute GvHD)

were assessed by Mann-Whitney U test. Pearson chi-square test was

used to assess categorical variables such as T-cell epitope permissive-

ness, HLA-DPB1 disparity, and relapse in patients with and without

diagnosed acute GvHD. P values < 0.05 were considered statistically

significant. All statistical analyses were performed using SPSS Statis-

tics Software version 25.0 (SPSS Inc., Chicago, IL, USA).

2.6 Ethics

Written informed consentwas obtained fromall patients beforeHSCT.

3 RESULTS

3.1 Clinical outcomes and GvHD occurrence

in the cohort

Successful engraftment was achieved in 96.2% of our pediatric

patients, with immediate graft rejections occurring only in 4 of

105 transplantations. After the median follow-up of 1.8 years, 84.6%

overall survival was achieved. Relapses occurred in 22.9% (n = 11)

of the 59 patients receiving HSCT for underlying malignant diseases.

Treatment-related mortality was 9.5% in the total cohort (n = 10),

with eight patients succumbing to infectious complications and two to

GvHD. The overall incidence of acute GvHD was 66.7% (n = 70/105).

Although all patients except one displayed skin GvHD, GvHD affected

the liver in eight patients and the gut in eight patients. The incidence

of grades II-IV GvHD was higher when donors had one HLA mismatch

(P= 0.533; Table 2).

3.2 GvHD incidencewas not raised by

nonpermissive HLA-DPB1mismatches

Additional HLA-DPB1 typing was conducted for the 84 patients who

received HSCT from a sibling (n = 34) or unrelated donor (n = 50)

https://pirche.com
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TABLE 2 Incidences of GvHD in the total cohort, in patients
transplanted frommismatched unrelated andmatched unrelated
donor grafts

Acute
GvHD

In total cohort
incl. MSD 10/10MUD 9/10MUD

0 35 (33.3%) 57 (81.4%) 15 (75%)

I 47 (44.8%)

II 10 (9.5%) 13 (18.6%) 5 (25%)

III-IV 13 (12.4%)

GvHD, graft-versus-host disease;MUD,match unrelated donor.

TABLE 3 Numbers of patients in cohort transplanted from donor
grafts with HLA-DPB1mismatches and incidence of GvHD

#HLA-DPB1mismatches (%)

0 1 2

MUD 14 (28) 29 (58) 7 (14)

MSD 31 (91.2) 3 (8.8) 0 (0)

GvHD0-I 34 (77.3) 23 (79.3) 5 (71.4)

GvHD II-IV 10 (22.7) 6 (20.7) 2 (28.6)

GvHD, graft-versus-host disease;MSD,matched siblingdonor;MUD,match
unrelated donor.

with 10 of 10 matched HLA alleles. One patient transplanted from

an unrelated donor was excluded due to lack of residual graft bioma-

terial for HLA-DPB1 typing (Table 3). Interestingly, three recipients

of a matched related donor transplant had one HLA-DPB1 mismatch

(Table 3). The distribution in our cohort approximated the general dis-

tribution reported by Fleischhauer for 80% HLA-DPB1–mismatched

unrelated donor HSCT.30 The incidence of grade II-IV GvHD did not

significantly differ between patients with anHLA-DPB1mismatch and

patients with fully matched donors. Three cases of grade IV acute

GvHDevenoccurred inpatients transplanted fromrelateddonorswith

12/12matched alleles (9.6%, n= 3/31).

3.3 HLA-DPB1–matched transplantations show a

high incidence of relapse

We performed T-cell epitope matching for all recipients, who received

grafts unmatched for at least one of the two HLA-DPB1 alleles from

unrelated donors to define patients with permissive and nonpermis-

sive HLA-DPB1 mismatches. In our study group, 64.7% (n = 22) of

patients had permissive and 35.3% (n = 12) had nonpermissive HLA-

DPB1 mismatches, similar to the distribution in the cohort investi-

gated by Fleischhauer et al.11 Having a nonpermissive HLA mismatch

was not associated with a higher risk to develop GvHD (permissive:

18.2% n= 4/22, nonpermissive: 25%, n= 3/12, P> 0.05) in our cohort.

We next assessed the incidence of relapse in patients with either

permissive or nonpermissive HLA-DPB1 mismatches in our cohort

using DPB1 T-cell Epitope matching. Interestingly, 10 of the 11 patients

who relapsed had only one or no HLA-DPB1 mismatch. Six patients

relapsed after HSCT with one HLA-DPB1mismatch (19.3%, n = 6/31),

of whom three had permissive and three nonpermissive HLA-DPB1

mismatches. Four patients, all of whom had a permissive HLA-DPB1

F IGURE 1 PIRCHE-I score correlates with severity of acute
GvHD. The distribution of PIRCHE-I (A) and PIRCHE-II (B) scores for
all patients in our cohort is presented as box-and-whisker plots
comparing patients who did not develop severe acute GvHD (none or
only grade I) with patients who developedmore severe forms of GvHD
(grades II-IV). Boxes include the 25th to 75th percentiles divided by
themedian andwhiskers indicatingminimal andmaximal PIRCHE
scores. The asterisk and circles designate outliers. The correlation of
PIRCHE scores with GvHDwas tested using theMann-WhitneyU test

match, relapsed after HSCT from a donor without HLA-DPB1 mis-

match (9.1%, n = 4/44). Only one patient relapsed who underwent

transplantation with twoHLA-DPB1mismatches.

3.4 LowPIRCHE-I score is associatedwith reduced

GvHD incidence inmismatch transplants

PIRCHE analysiswas performed in the 20 patientswho received trans-

plants from unrelated donors with only 9 of 10 matched HLA alle-

les. Patients who experienced acute grade II-IV GvHD had signifi-

cantly higher PIRCHE-I scores (P = 0.015) compared with patients

experiencing acute grade I or no GVHD (Figure 1A). PIRCHE-II scores

were higher in the patients who experienced acute grade II-IV GvHD

than in patients who experienced acute grade I or no GVHD, but this
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F IGURE 2 HLA-DPB1match influences PIRCHE-I score. The distribution of PIRCHE-I scores for patients transplanted frommatched
unrelated donors with either one HLA-DPB1 (red) or twoHLA-DPB1 (blue) mismatches are presented as box-and-whisker plots comparing
patients who did not develop severe acute GvHD (none or only grade I) with patients who developedmore severe forms of GvHD (grades II-IV).
Boxes include the 25th to 75th percentiles divided by themedian andwhiskers indicatingminimal andmaximal PIRCHE scores. The correlation of
PIRCHE scores with GvHDwas tested using theMann-WhitneyU test

correlation did not reach statistical significance (P = 0.14; Figure 1B).

Patients were divided into groups based on PIRCHE-I scores (divided

into quartiles from lowest to highest, with PIRCHE-I scores of 0-

1 deemed low and PIRCHE-I scores ≥2 as high). We then evalu-

ated the difference in alloreactive potential between mismatched and

matched unrelated transplants by comparing patients who received

mismatched unrelated donor transplants with a low PIRCHE-I score to

all patients who received transplants from a 10 of 10-matched unre-

lated donor. Interestingly, the incidence of acute GvHD was signifi-

cantly higher in the patient subgroup with matched related donors

(19.6%, n = 10/51 vs 0%, n = 0/7; P = 0.03). When we used the same

analysis to compare patients who received transplants from matched

unrelated donors with patients transplanted from mismatched unre-

lated donors with high PIRCHE-II scores, the difference did not

reach significance. We then reanalyzed the 50 patients who received

transplants from 10/10 matched unrelated donors, but incorporated

HLA-DPB1 typing information in the PIRCHE algorithm to evaluate

the potential of this extended matching. Interestingly, patients who

received transplants from a donor with one or two mismatched HLA-

DPB1 alleles and grade I or no GvHD had lower PIRCHE-I scores than

the same patient subgroup with grade II-IV GvHD, even though this

correlationdid not reach statistical significance forPIRCHE-I (P>0.05;

Figure 2) or PIRCHE-II (P> 0.05). Our data indicate that GvHDmay be

predictable using PIRCHE-I scores. Whether the trend observed here

that PIRCHEmatching extendedbyHLA-DBP1 typing provides a supe-

rior predictor for patient-donormatching is confirmedwill need analy-

sis in larger patient cohorts.

4 DISCUSSION

Here we retrospectively analyzed the applicability of PIRCHE scor-

ing and HLA-DPB1 typing for GvHD prediction in a pediatric HSCT

cohort. HLA-DPB1mismatcheswere not associatedwith higherGvHD

incidences in the investigated cohort, but HLA-DPB1 matches and

permissive mismatches associated with higher incidences of disease

relapse after HSCT. Moreover, PIRCHE-I score was significantly

correlated with GvHD incidence in patients who received transplants

frommismatched unrelated donors. Our results support implementing

PIRCHE typing in the donor selection process for HSCT in children.

Studies investigating HLA-DPB1 and T-cell epitope typing show

different results for overall survival, disease relapse and GvHD devel-

opment after HSCT. Nonpermissive mismatches in transplantations

using grafts from mismatched unrelated donors were associated with

lower overall survival and severe GvHD in a study by Fleischhauer

et al.11 Another study by Gagne et al. identified only an effect of

mismatched HLA-DPB1 alleles on acute GvHD incidence but not on

overall survival or chronic GvHD incidence.31 In our study cohort,

HLA-DPB1 mismatches or nonpermissive mismatches determined by

T-cell epitope were not associated with a higher incidence of acute

GvHD, whereas permissive HLA-DPB1 mismatches were associated

with a higher incidence of relapse in patients undergoing transplanta-

tions, indicating a lack of alloreactivity in these cases. The absence of

alloreactivity is associated with a lack of graft-versus-leukemia effect.

A strong graft-versus-leukemia effect is necessary for patients with

high-risk leukemias in order to control the underlying disease. Allore-

activity is mediated by different surface proteins mainly expressed by

T and natural killer cells.32 The HLAmolecules presented to T and nat-

ural killer cells are recognized as foreign or self, resulting in different

responses according to the degree of (mis-)matches.1,3 Donor-

recipient HLA-matching strategies for HSCT must take the underlying

disease into account, and estimate the expected graft-versus-leukemia

effect without causing an overshooting graft-versus-host reaction.

This main goal of donor selection has not yet been fully achieved,

and is constantly complicated by emerging new graft manipulation



6 of 7 STENGER ET AL.

strategies.33 Killer cell immunoglobulin receptor profile analysis has

been validated as an additional method to estimate natural killer

cell-mediated alloreactivity after HSCT for acute leukemias.34,35 The

situation can be even more complicated in pediatric HSCT to treat

nonmalignant diseases. Children with chronic inflammatory condi-

tions accompanying the underlying disease have an elevated risk to

develop GvHD that cannot be estimated by HLA-matching strategies.

Two children in our cohort developed severe grade IV GvHD after

transplantation from siblings with 12 of 12 matched HLA alleles. Both

children suffered from chronic inflammation resulting from underlying

genetic disorders. Further studies in larger pediatric cohorts are

needed to evaluate the potential of HLA-DPB1 matching in pediatric

HSCT for different malignant and nonmalignant diseases. The variety

of underlying diseases in children undergoing HSCT makes a special

prioritization in donor selection different from adult HSCT likely.

PIRCHEmatchingwas first introduced for kidney transplantation.17

Only one study to date has analyzed PIRCHE typing in a pediatric

cohort undergoing HSCT.36 Only patients receiving umbilical cord

blood as grafts to treat leukemia were included, and higher PIRCHE-

I scores were associated with higher antileukemic responses and

improved overall survival, but not with higher incidence of GvHD

development.36 In our study, higher PIRCHE-I scores significantly cor-

related with a higher incidence of GvHD for patients receiving stem

cell grafts from unrelated donors with 9 of 10mismatchedHLA alleles.

Cord blood contains fewer natural killer and T cells than bone marrow

or peripheral stemcell grafts,37 explaining the stronger graft-mediated

alloreactive effects with bone marrow or peripheral stem cell grafts

from matched unrelated donors compared with umbilical cord blood

transplantation. These findings illustrate that PIRCHE scores can have

different impacts in different transplantation settings. PIRCHE scores

appear to mirror expected alloreactivity in our cohort, and can effec-

tively predict the risk for GvHD development in children receiving

grafts from 9 of 10HLAmismatched unrelated donors.

In conclusion, our data support implementing PIRCHE matching

in the donor selection process for pediatric HSCT. Further studies

in larger pediatric cohorts are needed to evaluate the potential of

HLA-DPB1 matching in pediatric HSCT for different malignant and

nonmalignant diseases. Due to the diversity of pediatric diseases with

an indication for HSCT and their additional comorbidities, it is likely

that different donor-recipient matching strategies will be necessary

depending on the disease, graft source, and donor availability to

optimize transplant settings in pediatric HSCT. Moreover, additional

strategies for GvHD prevention will be needed to completely avoid

GvHDwhen treating nonmalignant diseases.
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