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Haploidentical Family Donor Transplantation for Pediatric Hematologic Malignancies
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Haploidentical family donor hematopoietic stem cell transplantation (Haplo-HSCT)
has been increasingly used for patients who require transplant for optimum therapy,
but lack a human leukocyte antigen (HLA)-matched donor. Important variables that
require consideration in choosing one of potentially many haplo-donors include
evaluation for presence of donor-specific anti-HLA antibodies, the age and gender
of the donor, the parental relationship of the donor especially for pediatric patients,
and ABO compatibility. Three major platforms have been reported as valid methods
of undertaking haplo-HSCT. Ex vivo T cell depleted transplant may allow for low rates
of graft-versus-host disease, even without pharmacological prophylaxis after transplant. Major impediments such as delayed immune recovery and subsequent infections may be overcome by depletion of specific T cell subsets, as done in αβ T
cell/B cell depleted transplants. Alternatively, T cell replete haplo-HSCT may be undertaken with post-transplantation cyclophosphamide, or by administering intensive
pre- and post-transplant immunosuppression including use of anti-thymocyte globulin.
All three haplo-HSCT platforms have been successfully used to treat children with
hematologic malignancies. As this method of HSCT is relatively new, long-term follow-up is necessary to improve outcomes and clarify the toxicities of this transplant
modality.
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plants of that year [1]. Specifically in Korea, difficulties
in finding an HLA matched sibling donor (MSD) are likely

Introduction

to increase in the future due to the declining birth rate.
Haploidentical hematopoietic stem cell transplan-

Although haplo-HSCT has gained a significant role in

tation (Haplo-HSCT) from a family donor has become an

the HSCT field, unresolved issues remain, including se-

important treatment modality for patients with hemato-

lection of the most appropriate donor, the optimum

logic malignancies who require transplant, but lack a hu-

method of T cell depletion, and efficacy of haplo-HSCT

man leukocyte (HLA) well-matched donor. The number

compared to more established methods of transplant. In

of haplo-HSCTs has continued to increase in recent

this review, I would like to focus on key aspects of the

years. The results of a survey done by the Korean BMT

procedures of haplo-HSCT, and the potential of this

Nurses Society showed that 471 haplo-HSCTs were un-

mode of transplant in the treatment of children with

dertaken in 2019, comprising 17.4% of all stem cell trans-

hematologic malignancies.
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ceived ex vivo T cell depleted (TCD) haplo-HSCT, those

Definition of a Haploidentical Donor

who received transplant from a younger donor (with the
age threshold set at the median donor age of 40 years)

In essence, a haploidentical donor shares only one of

had significantly faster immune reconstitution of all lym-

the two HLA loci containing regions of chromosome 6p

phocyte populations post-transplant, and better dis-

with the patient. However, the donor-recipient pair may

ease-free survival (DFS) than those who received HSCT

be matched at more than one haplotype. A survey by the

from an older donor [6].

European Society for Blood and Marrow Transplantation

Transplants from female donors to male recipients

(EBMT) defined a haploidentical donor as having two or

may result in increased risk of graft-versus-host disease

more loci mismatch within HLA-A, -B, -C, -DRB1 and –

(GVHD), as well as graft-versus-leukemia effect, due to

DQB1 loci [2].

donor T cell mediated response against minor histocompatibility antigens on the patient’s Y chromosome

Donor Selection

[7]. However, within the haplo-HSCT setting, the negative
effects of increased GVHD may predominate. Kasamon

A patient may potentially have multiple haploidentical

et al. showed that for patients with hematologic malig-

family donors, raising the question of transplant from

nancies who received T cell replete (TCR) haplo-HSCT

which donor would result in the best HSCT outcome. In

with high dose post-transplantation cyclophosphamide

deciding this question, multiple issues need to be consid-

(PTCy)-based GVHD prophylaxis, a female donor to male

ered, such as the presence of donor-specific anti-HLA

patient pairing resulted in significantly worse event-free

antibodies (DSA) in the patient, donor age and gender,

survival (EFS) in multivariate analysis [8].

ABO compatibility and degree of HLA mismatch.
1) Donor-specific anti-HLA antibodies

The impact of donor gender as an independent factor
for HSCT outcome seems to depend upon the haplotransplant platform. For TCD HSCT, Stern et al. showed

One of the first considerations in choosing an appro-

that patients who received transplant from the mother

priate haploidentical donor is to evaluate for DSA in the

had significantly better EFS than those who received

patient, the incidence of which ranges from 10-20% [3,4].

transplant from the father, due to decreased incidence

Studies have shown that the presence of DSA is sig-

of both relapse and transplant-related mortality (TRM)

nificantly linked to delayed hematologic recovery, graft

[9]. In contrast, a large study based on 990 haplo-HSCTs

failure and poor graft function after HSCT [3-5]. Also, the

with PTCy given to adult patients found that a maternal

level of DSA present in the patient correlates with poor

donor resulted in worse progression-free survival (PFS)

transplant outcome. One study based on 79 adult pa-

and overall survival (OS) [10].

tients who underwent haplo-HSCT showed that DSA with

Overall, a summary of the literature indicates benefits

mean fluorescence intensity ＞5,000 was the only sig-

of selecting a younger donor, and a male donor for a

nificant risk factor for graft failure [5].

male recipient. For pediatric patients, parents may often

2) Donor age and gender

be chosen as the haploidentical donor, and in this scenario, the optimum parent donor may depend on the

Choosing a younger donor over an older donor may

transplant platform; the paternal donor may result in

decrease the risk of post-transplant clonal hematopoiesis

better outcomes for TCR PTCy-based transplant, while

and subsequent secondary malignancy. Younger donors

the maternal donor may be more appropriate for TCD

may also experience less difficulty than older donors

HSCT, although the scientific basis for the differing ef-

during the procedures of HSC donation. In a study of 94

fects of donor gender according to each haplo-HSCT

pediatric patients with high risk acute leukemia who re-

platform remain unclear.
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3) Other issues

engraftment, 9 of 17 patients died of TRM. A subsequent
study of 43 patients with high risk acute leukemia re-

A study from the EBMT based on 837 acute myeloid

ported donor type engraftment in 41 patients, with no

leukemia (AML) patients who received haplo-HSCT re-

instances of GVHD except in one patient who received

ported that major ABO mismatch was associated with de-

donor lymphocyte infusion after transplant to aid in im-

layed engraftment, while bi-directional mismatch sig-

mune reconstitution (Fig. 1A) [15]. However, TRM oc-

nificantly increased the risk of grades II-IV acute GVHD

curred in 40% of patients, resulting in a low rate of DFS.

[11]. OS and incidence of relapse and TRM, however,

Although these studies showed that undertaking a TCD

were not affected by ABO compatibility. Overall, al-

HSCT is possible, they also emphasized the increased risk

though ABO compatibility does not seem to affect major

of delayed immune recovery and infectious complica-

transplant outcomes, choosing an ABO-matched donor

tions in this mode of transplant.

may contribute to minimizing the complications of HSCT.

(2) Pediatric studies

The degree of HLA mismatch may differ among poten-

The feasibility of TCD haplo-HSCT has also been pro-

tial haploidentical donors, suggesting the possibility of

ven in pediatric patients. Lang et al. reported the out-

improved transplant outcome for donor-patient pairs

come of 46 children with hematologic malignancies who

with fewer HLA mismatches. However, studies both from

received myeloablative conditioning-based haplo-trans-

PTCy-based haplo-HSCT, as well as from TCR HSCT with

plant [16]. As well as CD3(+) T cells, CD19(+) B cells were

intensified GVHD prophylaxis consisting of cyclosporine,

depleted ex vivo to decrease the risk of Epstein-Barr vi-

mycophenolate mofetil, methotrexate and anti-thymo-

rus associated post-transplant lymphoproliferative disease.

cyte globulin (ATG) show that the degree of HLA mis-

The study reported primary engraftment in 88% of pa-

match does not influence transplant outcomes [12,13].

tients with low incidences of acute and chronic GVHD.

Consensus deriving from these data points to forgoing

Although TRM of 20% at 5 years was better than previous

consideration of the degree of HLA mismatch with the

studies [14,15], the 3-year EFS of 25% for the entire co-

patient when choosing among several haploidentical

hort of patients remained low.
Among peripheral T cells, those expressing the α β

donors.

chain (αβ T cells) comprise the majority of cells, and are

Haploidentical HSCT Platforms
1) T cell depleted HSCT

responsible for the cytotoxic pathology of GVHD, whereas γδ T cells may aid in suppressing both infection and
remnant leukemia post-transplant, with a limited role in

(1) Initial studies

initiating GVHD [17]. Bertaina et al. recently reported a

In 1994, investigators at the University of Perugia pub-

comparative study of the outcomes of pediatric patients

lished their study on TCD haplo-HSCT in patients with

who received matched unrelated donor (MUD) trans-

refractory leukemia [14]. The key features of this pivotal

plant, mismatched unrelated donor (MMUD) transplant

study were the attempts to overcome graft failure

or an α β T cell/B cell depleted haplo-transplant [18]. All

through an intensified myeloablative conditioning regi-

patients received myeloablative conditioning in first CR,

men consisting of total body irradiation (TBI), Cy, thio-

and the haplo-transplant recipients received rituximab

tepa and ATG, and by infusing a ‘mega-dose’ of stem

on day-1. The 98 patients who received α β TCD HSCT

cells through the combination of bone marrow (BM) and

had significantly lower incidences of both acute and

granulocyte colony-stimulating factor (G-CSF) mobilized

chronic GVHD, and had higher GVHD-free/relapse-free

peripheral blood stem cells (PBSCs). Importantly, no

survival (GRFS) than MMUD transplant recipients, em-

pharmacologic GVHD prophylaxis was given after trans-

phasizing that α β TCD haplo-HSCT is an effective ther-

plant. Although almost all patients showed donor type

apeutic option for patients who lack an HLA matched
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Fig. 1. Examples of conditioning regimens for key methods of
haplo-HSCT. (A) TCD HSCT, (B) TCR HSCT with PTCy, (C) TCR
HSCT with ATG (GIAC protocol). Note that the doses of ATGFresenius and rabbit ATG are different. TBI, total body irradiation;
ATG, antithymocyte globulin; BM, bone marrow; PBSC, peripheral
blood stem cells; GVHD, graft-versus-host disease; G-CSF, granulocyte colony-stimulating factor; Cy, cyclophosphamide; MMF,
mycophenolate mofetil; MTX, methotrexate.

donor. In Korea, Im et al. reported 2-year EFS and OS

transplant decreased the severity of acute GVHD by elim-

of 55% and 65% for 46 children who received haplo-

inating alloreactive T cells [21]. Also, hematopoietic pro-

HSCT for hematologic malignancies [19]. Receiving

genitor cells express high levels of aldehyde dehydrogen-

transplant with active disease and a history of prior

ase, conferring resistance of these cells to Cy in contrast

HSCT predicted poor EFS. A subsequent study from the

to lymphocytes which have low levels of aldehyde de-

same institution specifically reported the HSCT outcomes

hydrogenase [22]. Overall, PTCy allows for clearance of

of 36 pediatric myelodysplastic syndrome (MDS) patients

the effector cells of GVHD, with limited effect on the

(12 with advanced MDS), 9 of whom had received TCD

precursor cells necessary for rapid donor engraftment.

haplo-transplant [20]. In contrast to the study by Bertaina

Based on this concept, investigators at Johns Hopkins

et al., 11 of the patients received reduced-intensity con-

University and Fred Hutchinson Cancer Research Center

ditioning consisting of fludarabine (Flu), reduced dose

undertook a study of TCR haplo-bone marrow trans-

busulfan (Bu) or Cy, with or without low dose TBI. Rates

plantation (BMT) with non-myeloablative conditioning

of OS and TRM were similar between the haplo-trans-

regimen and PTCy given on days 3 and 4 (Fig. 1B) [23].

plant and HLA-matched transplant recipients.

Sixty-seven patients with advanced hematologic malig-

2) T cell replete HSCT with post-transplantation cyclophosphamide

nancies were treated with this regimen, resulting in limited rates of graft failure and severe acute and chronic
GVHD.

(1) Initial studies

(2) Pediatric studies

In a preclinical animal model of bone marrow trans-

Within the framework of haplo-HSCT, a myeloablative

plantation between major histocompatibility complex

conditioning regimen may decrease the incidence of re-

mismatched donor and recipient, treatment with Cy after

lapse post-transplant. A recent study evaluated 96 chil-
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dren and adults with hematologic malignancies who re-

1C) [28]. The pilot study of this regimen reported on 250

ceived standard Bu-based or TBI-based myeloablative

patients with acute leukemia and found that 141 patients

conditioning followed by haplo-BMT and PTCy [24]. The

survived disease-free, resulting in 3-year leukemia-free

cumulative incidence of nonrelapse mortality (NRM) was

survival (LFS) of 71% for AML and 56% for acute lympho-

11% at 1 year, and the 3 year EFS was 49%. Although

blastic leukemia. The incidence of GVHD, however, was

proving the feasibility of this treatment modality, the au-

significant: 13% for grades 3-4 acute GVHD and 23% for

thors also emphasized the limited number of patients

extensive chronic GVHD. In Korea, studies based on

who received myeloablative conditioning-based hap-

adult patients with hematological malignancies also

lo-transplant in the overall literature, and the need for

showed the efficacy of TCR haplo-PBSCT with ATG-

further follow-up of these patients.

based T cell depletion, utilizing either a reduced intensity

Specifically for pediatric patients, recent studies have

or myeloablative conditioning regimen [29,30].

focused on a myeloablative conditioning regimen fol-

A key study compared the two TCR haplo-HSCT plat-

lowed by haplo-peripheral blood stem cell transplan-

forms, PTCy-based (N=193) and ATG-based (N=115), in

tation (PBSCT) and PTCy. Jaiswal et al. studied 20 chil-

308 adult AML patients reported to the EBMT [31]. The

dren with acute leukemia treated with a Bu, Flu and mel-

study found a significantly lower incidence of grades 3-4

phalan-based conditioning regimen; the 2-year OS was

acute GVHD and NRM in patients who received hap-

64% [25]. In Korea, Hong et al. reported the outcome of

lo-HSCT with PTCy, although relapse incidence was sim-

34 children treated with haplo-PBSCT with PTCy, most

ilar between the two platforms. Overall, patients treated

of whom had malignant disease [26]. The conditioning

with the PTCy platform had significantly better GRFS and

regimen consisted of Bu, Flu and Cy. The cumulative in-

LFS than those treated with ATG-based T cell depletion.

cidence of grades III-IV acute GVHD and extensive

(2) Pediatric studies

chronic GVHD was 5.9% and 9.1% respectively, and the

Investigators at Peking University have also shown that

2-year EFS for patients with malignant disease was 78%.

ATG-based TCR haplo-HSCT is a valid therapeutic op-

PTCy allows for a convenient method of haplo-HSCT

tion for pediatric patients. In one large study, 212 pa-

with low risk of GVHD in clinical settings that lack the

tients received haplo-HSCT for acute leukemia with the

resources necessary for ex vivo TCD. A question, then,

same ATG-based platform [32]. The incidences of grades

is whether the different haplo-HSCT platforms result in

3-4 acute GVHD and extensive chronic GVHD were

comparable results. Although studies pertaining to chil-

14.3% and 26.6% respectively. Estimated LFS was similar

dren are few, Pérez-Martínez et al. recently compared

to a parallel cohort of patients who received MSD HSCT.

the outcome of 192 children with hematological malignancies treated with either TCD haplo-HSCT (N=151) or

Specific Adverse Effects of Haplo-HSCT

TCR haplo-HSCT with PTCy (N=41) [27]. Overall, the
study found no difference in OS, DFS or relapse incidence between the two haplo-transplant platforms.
3) T cell replete HSCT with anti-thymocyte globulin

A well-known drawback of TCD haplo-HSCT is delayed immune recovery, although depletion of specific T
cell subsets, such as is done in α β TCD HSCT may limit
the extent of this complication. Patients may be at par-

(1) Initial studies

ticular risk for human herpesvirus-6 (HHV-6) infection.

A final method of haploidentical HSCT, pioneered by

In one study of 38 patients who received either CD34+

investigators at Peking University consists of G-CSF

cell selection followed by regulatory T cell (Treg)/con-

treatment of the donor, intensified immunologic sup-

ventional T cell (Tcon) infusion, or CD45RA naïve T cell

pression, ATG treatment prior to transplant, and a com-

depletion, all patients were diagnosed with HHV-6 in-

bination of BM and PBSC infusion (GIAC protocol, Fig.

fection, while none of the patients treated with HSCT
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Table 1. Key characteristics of the 3 haplo-HSCT platoforms
Ex vivo T cell depleted HSCT
•
•
•
•

Potential for very low incidence of acute and chronic GVHD
No pharmacologic immunosuppression after HSCT
Higher risk of delayed immune reconstitution and infectious complications, such as HHV-6 infection
Requirement of equipment and expertise necessary for ex vivo T cell depletion
Post-transplantation cyclophosphamide

•
•
•
•

Relatively simple regimen which allows for haplo-HSCT in resource limited settings
Risk of lower rate of engraftment if undertaken within the context of reduced intensity conditioning
Possibly a limited role in patients with high susceptibility to alkylating agent toxicity, such as Fanconi anemia patients
Follow-up is necessary to determine long-term complications of high dose Cy, such as cardiac dysfunction
GIAC protocol

• Incorporates myeloablative conditioning which may allow for lower incidence of relapse
• Higher incidence of acute and chronic GVHD
• Lengthy period of pharmacologic immunosuppression with multiple agents, which may predispose to increased nonrelapse mortality

with other donor types experienced this infection [33].

has limited organ toxicity, including cardiac toxicity,

Infection occurred early after transplant, at a median of

during a long duration of follow-up in patients who re-

nine days post-transplant in the Treg/Tcon cohort and

ceived HSCT as children or adolescents.

13 days post-transplant in the CD45RA depleted cohort.
All of the patients responded to antiviral treatment.

Finally, the use of Cy which is an alkylating agent immediately after transplant may lead to clonal changes in

For patients who undergo TCR haplo-HSCT with PTCy,

the infused HSCs, resulting in donor-derived malignancy

high doses of Cy may result in cardiomyopathy, and the

(DDM) in the patient. Regarding this potential complica-

risk for this complication may increase in patients with

tion, Majzner et al. evaluated 789 patients who received

preexisting cardiac dysfunction prior to transplant. Lin et

PTCy and found 4 cases of DDM, resulting in a cumu-

al. evaluated pre- and post-HSCT cardiac function in 176

lative incidence of 1.4% which was similar to previously

adult patients who received haplo-HSCT with PTCy [34].

reported incidence of DDM [36]. Hence, the use of PTCy

In this cohort, 9.1% of patients had pre-transplant car-

did not lead to an increase in DDM in patients.

diomyopathy; however, survival after PTCy-based transplant did not differ between patients with or without

Summary

such preexisting heart complications. Also, although 22%
of the patients developed post-transplant cardiomyop-

The proven efficacy and acceptable safety profile of

athy, this incidence was similar to that for a cohort of

haplo-HSCT, administered through various transplant

patients who had not received PTCy as part of the

platforms, has made HSCT possible for all children re-

transplant. Hence, treatment with PTCy did not act as a

gardless of the presence of an HLA-matched donor. For

major risk factor for the development of cardiomyopathy

patients with hematological malignancies, haplo-HSCT

post-HSCT. That PTCy as a means of GVHD prophylaxis

may play a key role in the treatment of those with high

does not predispose towards cardiac toxicities after

risk leukemias, and may also allow those with relapsed/

transplant was further confirmed in a large cohort study

refractory disease to undergo rapid transplantation as a

of HLA-matched transplant recipients [35]. Considering

component of salvage therapy.

the much longer potential lifespan after HSCT in pedia-

However, further study is required to solve the prob-

tric transplant recipients compared with adult patients,

lems of each haplo-HSCT platform (Table 1). Although

further studies are necessary to confirm whether PTCy

TCD haplo-HSCT has been widely studied in the pedia-
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tric population, the cost and infrastructure necessary for

ex vivo T cell depletion remain a barrier for resource-

dose posttransplantation cyclophosphamide: effect of HLA
disparity on outcome. Biol Blood Marrow Transplant 2010;

limited settings. For PTCy, further evaluation seems nec-

16:482-9.
9. Stern M, Ruggeri L, Mancusi A, et al. Survival after T cell-de-

essary to clarify possible long-term organ toxicities as

pleted haploidentical stem cell transplantation is improved

pertains to children with much longer post-transplant

using the mother as donor. Blood 2008;112:2990-5.
10. Mariotti J, Raiola AM, Evangelista A, et al. Impact of donor

follow-up. Finally, haplo-HSCT as a mode of therapy re-

age and kinship on clinical outcomes after T-cell-replete

mains relatively new compared to transplant utilizing

haploidentical transplantation with PT-Cy. Blood Adv 2020;
4:3900-12.

other donors. Long-term, comprehensive study of the
pediatric haplo-HSCT patient population will allow for
improved HSCT outcomes, while minimizing the complications related to this method of treatment.
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