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Donor Selection for Adults 
and Pediatrics

Francis Ayuk and Adriana Balduzzi

12.1  Introduction

It is known that multiple factors impact on trans-
plantation outcome; the heaviest ones are disease- 
related (disease refractoriness, phase, clonal 
abnormalities, etc. in malignancies and disease 
type and associated rejection risk in non-malig-
nant diseases) and patient-related (age, comor-
bidities, infectious diseases/colonization, etc.). 
Moreover, donor-related issues and stem cell 
source may influence the extent of disease con-
trol and transplant-related mortality.

The availability of a suitable stem cell graft is 
an absolute prerequisite for the performance of 
allo-HSCT.  Beyond donor-recipient histocom-
patibility, other factors such as stem cell source, 
donor age and gender, donor-recipient CMV sta-
tus, and ABO compatibility may play a role on 
transplant outcome.

In this chapter we discuss results of studies 
investigating these factors and conclude with an 
algorithm for donor selection. Issues which are 
peculiar to pediatric recipients are also analyzed 
and discussed.

12.2  Donor HLA Compatibility 
(See Chap. 9)

The outcome of HSCT depends in part on the 
matching between the donor and the recipient for 
the human leukocyte antigens (HLA), encoded 
by a group of genes on chromosome 6; genes and 
products are labelled as major histocompatibility 
complex (MHC). The HLA system is the most 
polymorphic genetic region known in the human 
genome. A set of HLA gene alleles, called haplo-
type, is inherited from each parent; therefore, the 
probability that a child inherited and shares both 
parental haplotypes with a full sibling is 25%. 
Such HLA-identical sibling is still considered an 
optimal donor.

The most relevant genes for transplantation 
belong to class I (HLA-A, HLA-B, and HLA-Cw) 
and class II (HLA-DR, HLA-DQ, and HLA-DP). 
HLA compatibility with the donor is usually 
defined by high-resolution typing (four digits) for 
ten alleles, HLA-A, HLA-B, HLA-C, HLA-DR, 
and HLA-DQ (Petersdorf 2013), even though 
there is an increasing evidence supporting the rel-
evance of DPB1 matching (reviewed by 
Fleischhauer and Shaw 2017).

The concept of “compatibility” for CB 
donor- recipient pairs is still under debate. Any 
CB unit which was 6/6 or 5/6 matched was 
labelled HLA compatible (MD), in the past as 
defined by low-resolution typing at A and B loci 
and high- resolution typing at the DRB1 locus; 
more recently, high resolution for at least A, B, 
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C, and DRB1 loci is requested, and progres-
sively the same criteria used for volunteer 
donors are considered to define CB HLA match-
ing (Eapen et al. 2017).

12.3  Donor Selection for Adult 
Patients

12.3.1  Donor Type (Summarized 
in Fig. 12.1)

12.3.1.1  Matched Related Siblings 
and Unrelated Donors

Donor-recipient histocompatibility is one of 
the key variables in allo-HSCT.  An HLA-
identical sibling donor is generally considered 
the best donor for allo-HSCT; however less 
than a third of patients will have one available. 
Unrelated donor registries worldwide now 
include more than about 30 million volunteer 
donors, most of them in North America and 
Europe (www.bmdw.org). The probability of 
finding a fully MUD (8/8 or 10/10) varies on 
average between 16% and 75% (Gragert et al. 
2014; Buck et al. 2016) depending on ethnic-
ity, with lowest and highest probabilities in 
patients of African and European descent, 

respectively. Increasing ethnic diversity will 
with time further limit the chances of finding a 
fully matched unrelated donor.

Till date no randomized trial has compared 
outcome of transplants from different donors. 
However, one prospective (Yakoub-Agha et al. 
2006) and several retrospective analyses indi-
cate that outcomes after MSD and fully MUD 
(8/8 or 10/10) HSCT are comparable (Schetelig 
et al. 2008; Szydlo et al. 1997; Arora et al. 2009; 
Ringden 2009; Gupta et  al. 2010; Woolfrey 
et al. 2010; Saber et al. 2012). Increase in donor-
recipient HLA disparity in HLA-A, HLA-B, 
HLA-C, or HLA-DRB1 is associated with 
poorer outcome after unrelated donor transplan-
tation (Lee et  al. 2007; Shaw et  al. 2010; 
Woolfrey et  al. 2011; Horan et  al. 2012; Fürst 
et  al. 2013; Pidala et  al. 2014; Verneris et  al. 
2015). The overall decrease in survival can be 
explained by the increase in NRM with no posi-
tive effect on relapse. Disparities in HLA-DQB1 
as well as C-allele disparities in C*03:03 vs 
03:04 have been reported to be permissive with 
no negative effects on outcome (Lee et al. 2007; 
Fürst et al. 2013; Morishima et al. 2015; Pidala 
et al. 2014; Crivello et al. 2016). Disparities in 
HLA-DPB1 are observed in the majority of 
HLA-A, HLA-B, HLA-C, and  HLA- DQB1 

Algorithm for donor selection for adult patients with hematological malignancies

HLA-identical sibling donor

HLA-10/10 matched unrelated donor
Beyond HLA: donor age> CMV-matching, sex-matching, ABO-matching

HLA-9/10 matched unrelated donor;
HLA-mismatched related donor; cord blood Beyond HLA: donor specific antibodies, specific center experience

Fig. 12.1 Algorithm for donor selection
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(10/10) MUD transplants. Nonpermissive mis-
matches in DPB1 defined according to T-cell 
epitope matching (Zino et al. 2004; Crocchiolo 
et  al. 2009; Fleischhauer et  al. 2012; Pidala 
et al. 2014; Oran et al. 2018) or allele cell-sur-
face expression levels (Petersdorf et  al. 2015) 
are associated with poorer outcome compared to 
full matches or permissive mismatches. 
Associations of permissive DPB1 mismatches 
with lower relapse incidence are currently being 
explored (Fleischhauer and Beelen 2016; 
Fleischhauer and Shaw 2017).

12.3.1.2  Haploidentical Related 
Donors

Improvements in transplant technology including 
pre-transplant ATG (Huang et al. 2006), PT-CY 
(Luznik et  al. 2008), and alpha-beta TCD 
(Bertaina et al. 2014) have led to improved out-
come and rapidly increasing use of haploidenti-
cal related donor transplantation (Passweg et al. 
2014). Several retrospective comparison studies 
have reported similar outcome for haploidentical 
and MUD transplants (summarized by Fuchs 
2017). The results of prospective comparative tri-
als are eagerly awaited.

12.3.2  Role of Non-HLA Donor 
Characteristics

Besides donor-recipient histocompatibility, 
donor age is now considered one of, if not the 
most relevant, the non-HLA donor characteristics 
in unrelated donor HSCT (Kollman et al. 2001, 
2016; Wang et  al. 2018) with a 2-year survival 
being 3% better when a donor 10 years younger 
is selected (Shaw et  al. 2018). These findings 
have impacted daily practice such that the per-
centage of selected donors under 30 years of age 
has increased from 36% in the period 1988–2006 
to 51% in 1999–2011 up to 69% in 2012–2014 
(Kollman et al. 2016).

Matching for patient/recipient CMV serosta-
tus also seems to be a determinant of transplant 
outcome with best outcome seen in seronegative 
patients receiving seronegative grafts (Ljungman 
2014; Kalra et al. 2016; Shaw et al. 2017).

The impact of sex mismatch on outcome is 
more controversial, possibly reflecting different 
definitions of sex mismatch, which has been con-
sidered only for male recipients (Gratwohl et al. 
2009, 2017; Nakasone et  al. 2015) or for both 
male and female in others (Kollman et al. 2016). 
Interestingly, all three studies confining sex mis-
match to male recipients reported a significant 
impact for this variable, albeit possibly depen-
dent on conditioning regimen.

The impact of ABO (blood group) compatibil-
ity on outcome has been reported to be modest 
and seems to have further diminished in recent 
years probably due to changes in transplant prac-
tice including less frequent use of bone marrow 
grafts (Seebach et al. 2005; Kollman et al. 2016; 
Shaw et al. 2018).

The impact of non-HLA donor characteristics 
may be less conspicuous in matched and mis-
matched related donor transplantations using 
PT-CY. It must however be taken into consider-
ation that the close association of donor age and 
donor-patient relation on the one hand with 
patient age on the other hand makes these analy-
ses more complex (McCurdy et  al. 2018; 
Robinson et al. 2018). Larger patient cohorts and 
prospective studies are required for more definite 
conclusions.

12.3.3  Donor Choice According 
to Stem Cell Source

The three graft sources for allo-HSCT are BM, 
PBSC, and CB.  In matched related donor and 
unrelated donor HSCT, survival outcome has 
been similar for BM and PBSC. However hema-
tological recovery is more rapid and graft rejec-
tion less frequent after PB compared to BM 
HSCT, while the incidence of chronic GvHD 
and, to a lesser extent, acute GvHD tends to be 
higher after PB HSCT (Bensinger et  al. 2001; 
Couban et al. 2002; Schmitz et al. 2002; Couban 
et al. 2016; Anasetti et al. 2012). In allo-HSCT 
for nonmalignant diseases, in particular for SAA, 
BM is still the preferred stem cell source in high- 
income countries, despite improvements in out-
come after PB HSCT (Schrezenmeier et al. 2007; 
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Chu et al. 2011; Bacigalupo et al. 2012; Kumar 
et al. 2016).

Traditionally BM has been used as stem cell 
source for haploidentical HSCT with PT-CY 
(Luznik et al. 2008), while GCSF-stimulated BM 
has been used for haploidentical HSCT with ATG 
(Huang et al. 2006) and PBSC for haploidentical 
HSCT with alpha-beta T-cell depletion (Bertaina 
et  al. 2014). There are no prospective studies 
comparing different stem cell sources within 
these strategies. When PT-CY is used, PBSC 
seems to be associated with a higher risk of acute 
and chronic GvHD and lower risk of relapse in 
patients with leukemia (Bashey et al. 2017).

The use of umbilical CB grafts continues to 
decrease with the rise in numbers of haploidenti-
cal transplants performed (Passweg et al. 2014). 
Due to the limited number of stem cells per unit, 
CB grafts have been more frequently used in 
pediatric HSCT and will be discussed in that sec-
tion and in the specific CB Chapter.

12.3.4  Anti-HLA Antibodies

The abovementioned improvements in transplant 
technology have led to an increased use of grafts 
from HLA-mismatched donors. Detection of 
donor-specific anti-HLA antibodies in the 
patients’ serum has been associated with 
increased risk of graft failure and also poorer sur-
vival of those patients with graft failure (Ciurea 
et al. 2015) after haploidentical HSCT. The risk 
of graft failure and overall mortality may how-
ever also depend on the type and intensity of 
TCD used. The EBMT recently published a con-
sensus guideline on detection and treatment of 
donor-specific antibodies in haploidentical HSCT 
(Ciurea et al. 2018).

12.4  Donor Selection for Pediatric 
Patients

Donor selection criteria may vary between adult 
and pediatric recipients. According to the “motto” 
of the Pediatric Disease Working Party, “children 
are not small adults,” besides the size, what 
makes HSCT in children different is mainly 
related with indications and the biology of a 
growing individual.

12.4.1  Pediatric Recipient Size

In terms of size, the recipient weight may vary 
between few Kg in most patients transplanted for 
immunodeficiencies and a full adult size in some 
adolescents. The recommended cell dose in the 
graft is shown in Table 12.1 (Gluckmann 2012). 
The lower the recipient weight, the smaller is the 
amount of the requested absolute count in the 
graft, which makes the harvest easier, often 
matching the transplant center requests. An 
appropriate cell dose in the graft yields a lower 
risk of rejection, which is actually lowest in 
pediatrics. On the other hand, the lower amount 
of cells requested to ensure engraftment in chil-
dren makes CB a more valuable source than in 
adults.

12.4.2  Indications

In terms of indications, according to the EBMT, 
nowadays 46% of the patients younger than 18 
years who undergo HSCT are affected with non-
malignant diseases (Passweg et  al. 2014), which 
are mainly inherited disorders, namely, immuno-
deficiencies, hemoglobinopaties, inborn errors of 

Table 12.1 Number of cells according to stem cell source

Volume collected Med CD34 content Med CD3 content Target cell dose
Bone marrow 10–20 mL/kg 2–3 × 106/kga 25 × 106/kg >2 × 108 TNC/kg
Peripheral blood 150–400 mL 8 × 106/kg 250 × 106/kg 5–10 × 106 CD34+/kg
Umbilical cord blood 80–160 mL 0.2 × 106/kg 2.5 × 106/kg >3 × 107 TNC/kg

aPer kg recipient body weight
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metabolism, and congenital bone marrow failures. 
As nonmalignant diseases do not benefit of any 
alloreactivity, the closest HLA matching (possibly 
“10 out of 10” HLA alleles) is recommended. On 
the contrary, a small degree of HLA incompatibil-
ity is tolerated in malignancies, as the detrimental 
effect of HLA disparity, triggering higher risk of 
GvHD and consequent higher risks of toxicity and 
mortality, might be counterbalanced by the so-
called “graft-versus- leukemia” or “graft-versus-
tumor” effect, which is the alloreactivity of 
immunocompetent donor cells potentially eradi-
cating residual malignant cells in the patient and 
playing a role in the prevention of malignant dis-
ease recurrence.

12.4.3  Donor Type

Due to the decreasing size of modern families in 
the so-called Western countries, HLA-identical 
siblings are available in less than 25% of the chil-
dren in need of a transplant, as shown by the few 
studies performing a “randomization by genetic 
chance,” based on the availability of an HLA- 
identical sibling or not (Balduzzi et al. 2005). As 
a consequence, 75% of the patients may need to 
run a search for an unrelated donor.

Eligibility criteria for HSCT in malignant dis-
eases varied overtime, resulting from the balance 
between the outcome of frontline and relapse 
chemotherapy protocols and the outcome of 
transplantation, which partially depends on the 
degree of compatibility within each donor- 
recipient pair. Similarly, the eligibility for trans-
plantation in nonmalignant diseases increased as 
the safety profile of the procedure improved. 
Some patients are considered eligible for trans-
plantation only in case an HLA-identical sibling 
is available; as the risk profile of the patient wors-
ens, a broader degree of HLA mismatching is 
considered acceptable.

Within the International BFM Study Group, 
regardless of their relationship with their recipi-
ent, donors are defined as HLA-matched (MD) if 
the donor-recipient pairs are fully matched 

(10/10) or have a single allelic or antigenic dis-
parity (9/10) or are defined mismatched donor 
(MMD) if the donor-recipient pairs have two 
(8/10) or more allelic or antigenic disparities, up 
to a different haplotype (Peters et al. 2015). Any 
donor who is not an HLA-identical sibling or a 
MD, as defined above, is considered a MMD. Both 
MD and MMD could be either related or unre-
lated to their recipient. A related donor who is not 
an HLA-identical sibling is actually regarded as a 
MD, and GvHD prophylaxis is planned accord-
ingly (Peters et al. 2015).

Recently, results from a BFM study showed 
that transplantation from a “10 or 9 out of 10” 
matched donor, either related or unrelated, was 
not inferior to transplantation from an HLA- 
identical sibling in terms of EFS, OS, and CIR in 
pediatric patients with ALL (Peters et al. 2015). 
As a consequence eligibility criteria for HSCT 
might be reviewed and extended to those for 
MSD HSCT, at least in ALL, and, possibly, con-
sidered for other malignant diseases. Therefore, 
an unrelated donor search activation and trans-
plantation might be recommended in the future 
virtually for every child for whom an allo-HSCT 
is indicated. Disparities within donor-recipient 
pairs are progressively accepted as the risk pro-
file of the patient increases.

Unfortunately some inherited disorders, in 
particular sickle cell disease (Gluckman et  al. 
2017) or other recessively inherited disease, 
which incidence is highly increased by a parental 
blood relation, have higher incidences in non- 
Caucasian ethnicities, which are less represented 
within stem cell donor banks. The consequence is 
that well-matched donors often lack when a per-
fect matching is crucial; progresses in haploiden-
tical HSCT broadened its indications and may 
overcome this issue.

Depending on each transplant center experi-
ence, MMD might be preferred, carrying the 
advantage of prompt donor availability and flex-
ible schedule and bringing higher degree of allo-
reactivity, potentially associated with lower 
relapse risk. HSCT from MMD is widely recom-
mended when timing adjustment is crucial, as in 
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advanced disease phase in malignancies and in 
case of post transplant relapse.

12.4.4  Haploidentical Donors 
in Pediatrics

Successful haploidentical HSCT mainly evolved 
in pediatrics over the last two decades from 
ex vivo T-cell depletion by CD34+-positive selec-
tion, to CD34+-negative selection, up to selective 
CD3 αβ depletion, to allow other cells in the 
graft, potentially protecting from viral infections 
(Handgretinger et  al. 2001; Klingebiel et  al. 
2010). In pediatrics, an improved immune recov-
ery after TCR αβ-depleted haploidentical HSCT 
(Lang et  al. 2015), a similar outcome between 
TCR αβ-depleted and matched sibling and 
matched unrelated donors HSCT in children with 
acute leukemia (Locatelli et al. 2017) and in non-
malignant diseases (Bertaina et  al. 2014), was 
recently reported and confirmed by a multicenter 
phase I/II study (Lang et  al. 2017). Moreover, 
some reports of PT-CY in pediatric show promis-
ing results (Jaiswal et  al. 2016; Sawada et  al. 
2014; Wiebking et al. 2017).

One of the parents mostly serves as a donor in 
haploidentical donors for pediatric recipients. 
The choice between the mother and the father is 
still debated. Better survival was shown in 
patients transplanted from the mother than from 
the father (51% vs 11%; P < 0.001), due to both 
reduced incidence of relapse and TRM, with a 
protective effect on the risk of failure (HR 0.42; 
P = 0.003), possibly explained by transplacental 
leukocyte trafficking during pregnancy, inducing 
long-term, stable, reciprocal microchimerism in 
mother and child (Stern et al. 2008).

As donor-derived alloreactive NK cells have 
been shown to play a key role in the eradication 
of leukemic cells, favorable NK matching should 
guide donor selection (Stringaris and Barrett 
2017; Mavers and Bertaina 2018). Moreover, 
anti-HLA antibodies should be checked and 
accounted for to guide donor selection.

12.4.5  Stem Cell Source

BM is usually recommended as stem cell source. 
A donor with a body weight allowing for a graft 
containing at least 3  ×  108 nucleated cells/kg 
recipient body weight and 3 × 106 CD34+ cells/
kg body weight should be selected, in order to 
yield more than 95% neutrophil engraftment 
chances at a median of 21 days in the setting of 
hematological malignant diseases (Simonin et al. 
2017).

It is rare in pediatrics to require PB just in 
order to obtain an adequate amount of cells to 
ensure engraftment, as the absolute cell dose 
needed rarely overcomes the maximum amount 
which could be harvested from a donor. As higher 
numbers of CD3 cells are obtained in PB grafts, 
it is recommended not to exceed an amount of 
10 × 108 CD3+ cells/kg recipient body weight.

The increased risk of chronic GvHD, and pos-
sibly acute, after PBSC transplantation, as com-
pared to BM, is commonly reported. In a recent 
European retrospective study, including 2584 
pediatric patients transplanted from 2003 to 2012 
for ALL, both TRM and chronic GvHD appeared 
significantly higher after PBSC, as compared 
with other SC sources, despite the overall sur-
vival was similar for both stem cell sources 
(Simonin et  al. 2017). In the prospective ALL- 
SCT- BFM 2003 study, the same OS was reported, 
and no difference could be demonstrated in TRM, 
acute GvHD, and relapse, whichever the stem 
cell source in the two cohorts of patients trans-
planted from HLA-identical siblings and other 
matched donors. Nevertheless, within patients 
transplanted from HLA-identical siblings, the 
cumulative incidence of chronic GvHD was 
higher in PB compared with BM recipients 
(Peters et al. 2015).

Reinforced GvHD prophylaxis may be recom-
mended when PBSC are used, mainly when no 
serotherapy is included as for GvHD prophy-
laxis, as in most protocols in the HLA-identical 
sibling setting in malignancies (Simonin et  al. 
2017).
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Nowadays, in the ongoing prospective ALL-I- 
BFM HSCT trial (FORUM), the algorithm for 
choosing stem cell source recommends BM as 
the first choice. To date, there is no demonstration 
for a better GVL effect after PB HSCT in the 
pediatric population.

Due to the increased risk of cGvHD after PB 
transplant, which is almost consistent among 
investigators, it is definitely recommended to 
avoid PB in nonmalignant disorders.

From the first CB transplantation performed 
for a Fanconi anemia patient in 1987, CB 
appeared as a useful and an efficient stem cell 
source, due to two major features: high prolifera-
tive capacity, allowing engraftment despite 1-log 
fewer cells, and immune plasticity, allowing a 
wider HLA disparity within each donor recipient 
pair (Gluckman et al. 1989).

The possibility to adopt less stringent HLA- 
matching criteria enlarged the availability of 
grafts to at least 90% of the pediatric patients in 
need of an allogeneic transplant (Eapen et  al. 
2017). According to Eurocord consortium rec-
ommendations, unrelated CB with two or less 
HLA disparities typed in low resolution (i.e., two 
digit) for class I (A and B loci) and high resolu-
tion (i.e., four-digit) for class II (DRB1 locus) 
and with more than 2.5 × 107 nucleated cell dose/
kg or 2  ×  105 CD34+ cells/kg are suitable for 
engraftment (Gratwohl et al. 2009). Recent stud-
ies from both Eurocord, NetCord, EBMT, and 
CIBMTR recommend high-resolution HLA typ-
ing for A, B, C, and DRB1 and a maximum of 1 
or 2 mismatched loci with a cellularity of 3 × 107 
TNC/kg or higher (Eapen et al. 2014).

Two prospective studies could demonstrate no 
benefit of double CB in pediatric patients trans-
planted for malignant diseases (Wagner et  al. 
2014; Michel et al. 2016).

12.4.6  Other Donor-Recipient- 
Related Factors

Besides HLA compatibility and stem cell source, 
also donor age, gender, female parity, weight, 

ABO blood group, and viral serological status 
should be considered in the decision-making pro-
cess for donor selection, whenever more than one 
donor were available, which may not be often the 
case (Wang et al. 2018).

Most studies report that a young donor is better 
than an older one. Few studies also report that a 
male donor is better for a male recipient and better 
than a multiparous woman for any recipient, even 
though this finding is not consistent through the 
literature. The donor gender effect may be mild 
and need larger series of patients to be demon-
strated (Friedrich et al. 2018). Unfavorable weight 
disparity, with donors weighing less than their 
recipient, should be avoided, when possible 
(Styczynski et  al. 2012). CMV- IgG, as well as 
EBV-positive patients, should be grafted from 
CMV- and EBV-positive donors, respectively 
(Jeljeli et  al. 2014; Bontant et  al. 2014). ABO 
matching is usually preferred, especially instead 
of a major or even minor incompatibility (Booth 
et al. 2013). Donor location might also be consid-
ered, as oversea deliveries increase the time elaps-
ing between collection and infusion, thus reduce 
cell viability and potentially jeopardize engraft-
ment. More recently, KIR genotyping would 
allow to identify alloreactive donors who may 
contribute to prevent relapse also in the non-hap-
loidentical setting (Mavers and Bertaina 2018).

Even though it is mainly clear which variant 
should be preferred within each variable, there is 
no consensus regarding the hierarchical order by 
which the factors above should be combined. In a 
recent survey within the Pediatric Diseases 
Working Party of the EBMT, the features above 
were listed in the following order of importance, 
on the average, but evaluations widely differed 
among responders:

 1. HLA compatibility, with 10/10 better than 
9/10 or worse matching

 2. CMV serological status of positive donors in 
case of positive recipients

 3. BM as stem cell source
 4. Donor age, being preferable a younger donor 

compared with an older one
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 5. Donor gender, with a male donor preferred, 
particularly for a male recipient

 6. ABO major compatibility
 7. Donor center location
 8. ABO minor compatibility (unpublished data)

Moreover, the presence of anti-HLA antibod-
ies directed to any mismatched HLA alleles 
should be ruled out, mainly in heavily transfused 
nonmalignant diseases, such as hemoglobinopat-
ies or bone marrow failures (Ciurea et al. 2018).
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