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Abstract

Allogeneic hematopoietic stem cell transplantation is a curative option for patients with a variety
of diseases. Transplantation from a related haploidentical donor is being increasingly utilized for
patients who lack an available human leukocyte antigen matched related or unrelated donor. One
of the strategies used for haploidentical transplants involves selective depletion of T cells
expressing the af T cell receptor and CD19+ B cells prior to transplant. This allows for the
removal of cells responsible for graft-versus-host disease and post-transplant lymphoproliferative
disorder but maintains hematopoietic progenitor and stem cells for engraftment (CD34+ cells), as
well as cells to elicit graft-versus-tumor effect and provide anti-infective activity (such as gamma-
delta T cells and natural killer cells). The aim of this review article is to present and discuss the
data available to date from studies utilizing this method of transplantation.
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Introduction

Allogeneic hematopoietic stem cell transplantation (HSCT) has become a curative option for
patients with a variety of otherwise incurable diseases such as high-risk leukemias and
recurrent lymphomas, as well as many nonmalignant conditions, such as severe combined
immunodeficiencies (SCIDs). In 2015, approximately 8700 allogeneic transplants were
performed in the US alone [1]. Unfortunately, only about one in four patients who need an
allogeneic HSCT will have a human leukocyte antigen (HLA) matched sibling available to
serve as the stem cell donor [2]. It has nevertheless become feasible to identify a suitable
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matched unrelated allogeneic donor for most of these patients [3]. However, donor search,
confirmatory testing, donor evaluation, and final selection are processes which often take
weeks to months. This can be too long for many patients with aggressive diseases, and it is
not uncommon to miss the window of opportunity to achieve cure.

Transplantation from a haploidentical donor (most commonly a parent or child of a patient,
but sometimes a sibling) has some unrivaled advantages. First, donors are highly motivated
and readily available. Second, haplo-HSCT allows the selection of a donor with the highest
degree of mismatch in their natural Killer cell immunoglobulin-like receptor (KIR)
repertoire, which can lead to better graft-versus-tumor effect [4]. Most haploidentical
transplantation strategies require profound T cell depletion of the graft to minimize the risk
for graft-versus-host disease (GVHD). Due to the technological progress made in graft
engineering technologies and the ensuing very low numbers of remaining T cells in the
graft, GVHD prophylaxis is often not necessary for a prolonged period of time in the subset
of patients who receive haploidentical transplants involving T cell depletion. In some trials,
GVHD prophylaxis has been entirely and safely omitted. Here, we present a summary of the
evolution of a newer such strategy, TCR ap+ and CD 19+ depletion from stem cell grafts,
and a summary of the current literature. Key data are also summarized in Table 1.

Evolution of the methodology for TCR ap+ and CD 19+ depletion

Various strategies have been utilized to increase the success rate of haploidentical allo-
HSCT. Early strategies involved transplanting only CD34+ selected hematopoietic stem cells
[5,6]. This allowed for the indirect removal of T cells responsible for GVHD, and for the
indirect removal of B cells, which can cause post-transplant lymphoproliferative disorder
(PTLD). There has also been evidence that B cells may play a role in GVHD pathogenesis,
and the removal of B cells may therefore reduce the risk of GVHD as well [7-9]. In one
strategy, ‘megadoses’ of mobilized peripheral blood CD34+ cells were administered [6]. In
another approach, recipients were given bone marrow-derived CD34+ stem cells in addition
to CD34+ peripherally-derived stem cells [5]. The CD34+ cells in these studies were
selected using a soybean agglutinin and E-rosetting based technique.

Newer CD34+ cell selection techniques were subsequently introduced including the
magnetic activated cell sorting (MACS) device and later the automated cliniMACS device,
which allowed for more effective and efficient selection [10,11]. For these transplants,
recipients underwent highly intensive conditioning regimens in order to facilitate
engraftment and prevent rejection, which successfully facilitated engraftment and prevented
GVHD. Studies in acute leukemia, using total body irradiation (TBI), thiotepa, fludarabine,
and anti-thymocyte globulin (ATG) have shown engraftment rates of 93-95% and acute and
chronic GVHD (cGVHD) ranging from 0 to 20% and 0 to 4%, respectively [5,6]. Despite
the favorable rates of engraftment and GVHD, this type of transplant was associated with
significant transplant-related mortality (TRM) of around 40%, in part due to the high
intensity conditioning regimen, and in part due to delayed immune reconstitution caused by
removal of lymphoid cells and committed hematopoietic progenitors, leading to
opportunistic infections. The requirement for ‘megadoses’ of stem cells also represented a
challenge [12].
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Earlier investigations in the allogeneic HSCT setting had demonstrated several beneficial
actions of natural killer (NK) cells in grafts including facilitating engraftment, graft-versus-
tumor (GVT) effects, and activity against opportunistic infection [13-17]. The studies
utilizing CD34+ stem cells, in the setting of haploidentical allo-HSCT, also led to the
concept of NK cell alloreactivity. Tumor cell lysis by NK cells can be mediated by mismatch
of donor NK cell killer immunoglobulin-like receptors (KIRs) and KIR ligands on recipient
cells. This facilitates a graft versus leukemia effect. This phenomenon has been most
pronounced in adult patients with acute myeloid leukemia (AML) but has also been reported
in pediatric acute lymphoblastic leukemia (ALL) [14,18].

After the initial studies utilizing purified CD34+ cells, a subsequent transplant strategy was
developed that involved selectively depleting CD3 T cells (xCD19 B cells) from the graft,
using immunomagnetic beads. The goal of this method was to eliminate T cells responsible
for GVHD and B cells responsible for GVHD and PTLD, while maintaining CD34+ cells in
addition to NK cells and other cells (including monocytes, granulocytes, and antigen
presenting cells) with the potential to facilitate engraftment and provide immunologically
favorable effects. Hale et al. studied this method of transplantation in 20 pediatric patients
with ALL, AML, myelodysplastic syndrome (MDS), chronic myeloid leukemia (CML), or
non-Hodgkin lymphoma (NHL) using a conditioning regimen of TBI, cyclophosphamide,
thiotepa, and rabbit ATG [19]. Three subsequent trials were completed in patients with
various hematologic malignancies using a reduced intensity conditioning regimen consisting
of fludarabine, melphalan, thiotepa, and OKT3 [20-22]. Rates of engraftment were
favorable in these studies ranging from 83% to 97% [20-22]. In the trial conducted by Hale
et al., the rate of acute GVHD (aGVHD) was 16% (all grade I-I1) with the rate of cGVHD
being 5.2%. All of the cGVHD was limited stage [19]. The trials involving the reduced
intensity conditioning regimens had higher rates of aGVHD, though mostly lower grade
acute (grade I-11 GVHD ranged from 24 to 39%, with grade I11-1VV GVHD seen less often
(3-14%)). In these studies, the rate of cGVHD ranged from 10 to 28%. The rate of TRM in
the study conducted by Handgretinger et al. was low at 2.6% [21]. However, TRM remained
significant in the other studies ranging from 20 to 30% [19,20,22].

More recent studies have focused on the role of specific T cell subsets in the graft to further
improve the antileukemic/anti-tumor effect of the graft while decreasing the rate of GVHD.
The majority of peripheral T cells express the ap T cell receptor and are the main drivers of
GVHD [23,24]. In contrast, the subset of T cells that express the y& T cell receptor
recognize their targets in a major histocompatibility complex (MHC)-independent manner.
They do not recognize allo-antigens and therefore do not contribute to GVHD. They have
also been shown to have cytotoxic activity against both solid tumor and hematologic
malignancies /n vitro [25]. Studies have found a positive correlation between increased
numbers of donor-derived -y6 T cells and survival in patients undergoing haploidentical allo-
HSCT or partially mismatched allo-HSCT [26,27]. Findings such as these have led to the
development of a new method of haploidentical allo-HSCT involving the selective depletion
of ap T cells and CD 19+ B cells incorporating magnetic beads and the clini-MACS device
[28]. The removal of ap T cells and B cells significantly reduces the cells responsible for
GVHD and PTLD. This type of graft maintains CD34+ hematopoietic stem cells as well as
NK cells, y6 T cells, and other cell types that are thought to facilitate engraftment, elicit
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GVT effect and provide anti-infective activity. This new method of transplantation has
recently been utilized in pediatric and adult patients with both malignant and nonmalignant
hematologic conditions and is gaining more momentum due to encouraging clinical results.

Summary of current data for TCR ap+ and CD 19+ depletion

Graft composition

Studies have shown favorable results with respect to graft composition, and have achieved
adequate depletion of TCR ap+/CD 19+ cells and good recovery of CD34+ cells. Studies
conducted with pediatric patients have shown median numbers of CD34+ cells per kg body
weight in the graft from 7.9 x 10% to 18.7 x 10° [29-38]. Studies conducted with adult
patients have shown comparable median numbers of CD34+ cells per kg body weight of 11
x 10% to 17.69 x 106 [39,40]. Earlier studies involving CD34+ selection for haploidentical
transplants were notable for CD34+ cell counts/kg body weight ranging from 1.2 x 108 to
13.8 x 10° [5,6,10]. This suggests that the cell doses achieved with TCR af+/CD 19+
depletion are not inferior to CD34+ selection. Median numbers of af+ T cells and B cells
per kg body weight range from 11 x 103 to 55 x 103 [29-37,39,40] and 40 x 103 to 300 x
103 [29,32,34,35,37,39], respectively, which indicate robust depletion, typically on the order
of 3-4 log depletion. Median numbers of -y6 T cells and NK cells in the graft range from 4 x
106 to 11 x 10° per kg body weight [29,32,35-41] and 22 x 10° to 81.3 x 10° [32,34-37,39],
respectively. These numbers indicate that large amounts of y& T cells and NK cells are
preserved in the graft. This is particularly desirable given the favorable effects that are
associated with these types of immune cells in the context of allogeneic stem cell
transplantation.

Engraftment

Several studies have shown successful primary engraftment rates (83-100%) of TCR a
+/CD 19+ depleted stem cell grafts for haploidentical allo-HSCT, with average absolute
neutrophil count (ANC) recovery by day 10-15 and average platelet recovery by day 10-17
[29,33-37,39,40]. Although various conditioning regimens have been studied (possibly due
to heterogeneity of diseases studied), most have commonly included alkylator-based
chemotherapy, often thiotepa and melphalan, as well as ATG or radiation. In abstract format,
Prezioso et al. reported results on 32 adult patients with AML or ALL, who all engrafted
successfully [39]. The conditioning regimen consisted of ATG, treosulfan, fludarabine, and
thiotepa. Even in the cases of engraftment failure, most patients can be successfully salvaged
with a 2nd attempt. This was seen in the abstract by Lang et al. involving 41 pediatric
patients with both benign and malignant conditions who received a conditioning regimen of
fludarabine or clofarabine, thiotepa, and melphalan in combination with either OKT3 or
ATG-Fresenius [36]. Five of the 41 patients did not engraft, yet all of these five successfully
engrafted on 2nd attempt after being reconditioned and infused with grafts from different
haploidentical donors that were also depleted of ap+ T cells and B cells.

Graft-versus-host disease

Studies so far have shown encouraging results of TCR ap+/CD 19+ depleted stem cell
grafts for haploidentical allo-HSCT with respect to the incidence of GVHD [29,33—
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37,39,40]. Data suggest that the majority of aGVVHD associated with this transplant method
is low grade (grade I-I1I). Collectively, grade I-11 aGVHD was reported in 3-39% of patients
and primarily limited to the skin, rather than visceral organs. A small percentage of patients
in these studies developed more severe aGVHD, but the overall incidence was low (0-15%).
Kaynar et al. studied 34 adults with AML or ALL who received a conditioning regimen of
fludarabine, thiotepa, melphalan, and ATG [40]. Mycophenolate was administered until day
60 for GVHD suppression. Median follow-up was 176 days. Grade I-11 aGVHD was
observed in 26% of the patients and grade I11-1V aGVHD was observed in 6%. The rate of
cGVHD was 6% with 3% being limited and 3% being extensive. The authors report on at
least two patients treated for GVHD using steroids, cyclosporine, and mycophenolate.
Locatelli et al. studied 80 pediatric patients with AML or ALL who each received one of
four conditioning regimens, two of which involved TBI [37]. There was no post-
transplantation GVHD prophylaxis. Median follow-up was 46 months. The rate of aGVHD
was 30% and all were grade I-11. All of these patients responded to treatment with topical or
systemic steroids. The rate of cGVHD was 5% with all cases limited to the skin. Bertaina et
al. studied 23 children with a variety of benign diseases who received one of four different
conditioning regimens in addition to ATG and rituximab [35]. There was no post-
transplantation GVHD prophylaxis. Median followup was 18 months. Grade 1-11 aGVHD
was observed in three of 23 patients and limited to the skin. No patients experienced acute
visceral or any cGVHD.

Transplant related mortality

Survival

Studies of TCR ap+/CD 19+ depletion for haploidentical allo-HSCT have shown
encouraging results regarding TRM [29,32-37,39,40]. The reported incidence of TRM is
variable, and ranges between 0 and 20%. Infection was the most common cause of TRM.
Lang et al. conducted a study involving 30 pediatric patients with nonmalignant conditions,
hematologic malignancies, and solid tumors who received a conditioning regimen of
fludarabine, thiotepa, and melphalan with either ATG or total nodal irradiation. TRM in this
study was 3.3% with all TRM due to infection [34]. Bhat et al. carried out a study involving
22 pediatric patients with both malignant and nonmalignant hematologic conditions who
received a conditioning regimen consisting of TBI or chemotherapy. TRM in this abstract
was 14% with all TRM due to infection [29]. Giardino et al. studied 12 pediatric patients
with malignant and nonmalignant conditions. Some patients received a myeloablative, while
others received a non-myeloablative conditioning regimen. The rate of TRM reported in this
abstract was 15% [33]. The rate of TRM in these studies is lower on average than the rate of
TRM seen in earlier studies involving transplantation of ‘megadoses’ of CD34+ cells or
CD3+/CD19+ depleted cells from haploidentical donors (36-40% and 20-30%,
respectively) [5,6,19,20,22].

Although survival data might be difficult to interpret from studies where multiple disease
histologies were included, certain studies involving only one or two disease types provide
insight regarding disease efficacy.
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Many studies focus on children with AML or ALL. The study conducted by Locatelli et al.
in 80 children with acute leukemia who received myeloablative conditioning, including
ATG, showed overall survival (OS) of 72% at 5 years and disease-free survival (DFS) of
71% at 5 years [37]. Maschan et al. utilized this transplant method in 33 pediatric patients
with high risk AML with 20 receiving matched unrelated donor (MUD) transplants and 13
receiving haploidentical transplants. The conditioning regimen consisted of treosulfan,
melphalan, fludarabine, and ATG. OS and DFS at 2 years were 73% and 59%, respectively,
for the haploidentical cohort [32].

The studies involving adult patients with AML or ALL report an OS of 41-54% with
median follow-up time ranging from 24 to 27 months [39,40], which is comparable to
survival in studies utilizing ‘megadoses’ of CD34+ cells [5,6] and those involving CD3+/
CD19+ depletion [19,20,22] which report survival ranging from 30% to 50% at median time
to follow-up ranging from 2 to 3 years.

Immune reconstitution

Studies looking at immune reconstitution following TCR ap+/CD 19+ depletion for
haploidentical allo-HSCT generally show rapid early reconstitution of y6 T cells and NK
cells, with more gradual appearance of af T cells and B cells over 3-12 months [29,34—
37,42,43]. Locatelli et al. found a rapid recovery of y& T cells and NK cells with a median
of 181 cells/uL (range 1-1335) and 236 cells/uL (range 47-1813) at one month, respectively
[37]. This was followed by ap T cell reconstitution, with median 47/pL (1-672) at 1 month
and 186/uL (12-1340) at 3 months, but with recovery to 573/uL (135-2146) at 6 months and
1291/uL (259-2795) at 12 months. Similarly, the B cell population also gradually increased
over time with negligible amounts at 1 and 3 months; however, the number of B cells
reached 160/uL (2-1609) and 291/uL (40-1616) at 6 and 12 months, respectively [37].

A similar rapid recovery of y8& T cells and NK cells was reported by Lang et al. [36]. In this
study, the recovery of -y6 T cells started as early as day seven after transplant, and
constituted the majority of CD3+ cells in the early post-transplant period. NK cell recovery
also began in the first week after transplant which were those that were co-transfused,
followed by early proliferation starting in the second week, with a median of only 12.5 days
needed for the NK cell population to reach >200 cells/uL. The B cell population in this study
started to recover by day 30 and normalized by day 150 post-transplant. There was no
sustained deficiency of B cells.

The presence of mature donor NK cells in the immediate post-transplant period and rapid
expansion thereafter significantly differs from NK cell kinetics in transplants involving
CD34+ cell selection. The presence of mature donor-derived NK cells is often not seen in
the recipient until at least 2-3 months posttransplant in the context of CD34+ selection as
seen in a study by Pende et al. [44]. This represents a significant advantage of TCR ap+/CD
19+ depletion over CD34+ selection.

Airoldi et al. studied immune reconstitution in 27 pediatric patients with malignant and
nonmalignant conditions and primarily focused on & T cell reconstitution and function
[43]. In this cohort, 2—-3 weeks after transplant, recipient T lymphocytes constituted
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predominantly y8& T cells (mean 91.5% of CD3+ lymphocytes, range 70-100%) with the a8
T cell population increasing over time and the y& T cell subset decreasing over time. Since
aminobisphosphonates induce proliferation and activation of the V&2 subset of y8 T cells,
the authors also studied the effect of /n vitro exposure to zoledronic acid on the expansion of
v6 T cells in a subset of 13 patients. As expected, exposure to zoledronic acid increased the
expansion of the V62 subset of y& T cells. They also found that 7 vitro exposure of
leukemia cell lines to zoledronic acid enhanced the cytotoxic activity of V62 cells.

Subsequently, the same group assessed whether /7 vivo exposure to zoledronic acid in the
post-transplant period would improve the cytotoxic activity of y& T cells against leukemia
cells in 43 pediatric patients who had undergone af T cell and B cell depleted haplo-HSCT
[45]. Zoledronic acid was administered every 28 days for up to six doses, and the effect on
v6 T cells was studied in 33 of the 43 patients until at least 7 months post-transplant. The
authors report a significant decrease in the percentage of central memory V&2 cells over
time after the first zoledronic acid infusion coupled by a significant increase in the
percentage of terminally differentiated V82 cells. The authors assessed the cytotoxic activity
of the y6 T cells by analyzing the level of CD107a surface expression as a marker of
degranulation when the y8& T cells were exposed to AML or ALL primary blasts. They
found that the level of cytotoxic activity of V82 cells against the leukemic cells was
significantly increased after patients received one infusion of zoledronic acid compared to
cytotoxic activity pretreatment and that the level of cytotoxicity continued to increase as
patients received additional zoledronic acid infusions. Ultimately, patients who received
three or more zoledronic acid infusions had a significantly better probability of survival than
patients who received one or two treatments (86% versus 54%, respectively, p=.008). These
important findings suggest that zoledronic acid, given post-transplant, affects the
differentiation and cytotoxicity of y& T cells, is associated with significant graft-versus-
leukemia effects, and therefore has the potential to improve outcomes. It also suggests that
TCR ap +/CD 19+ depletion might be a suitable platform for post-transplant
immunotherapeutic approaches given that it is associated with significant numbers of
transfused NK and y8 T cells in the graft as well as rapid immune recovery.

Collectively, these studies demonstrate rapid recovery of NK and 8 T cells associated with
this type of transplant, which is desirable given their important roles in protection against
infections and the GVT effect. The recovery of af T cells and B cells is also ultimately
necessary for optimal immune function and observed to occur more gradually but
consistently.

Cytomegalovirus (CMV) reactivation rates ranged from 30 to 70% in various studies,
however, death from CMV occurred in no more than 5% [29,33-35,39,40,46]. Two studies
reported on BK virus reactivation, ranging from 17 to 25% in their cohorts, but no BK
virusrelated deaths were reported [34,40]. Three studies report on adenovirus detection,
ranging from 5 to 53%, with two deaths reported [29,34,35]. There were no cases of
Epstein-Barr virus (EBV)-associated PTLD reported in the five studies where it was
monitored, and EBV viremia was only very rarely detected [29,34,35,37,40,46]. Overall,
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these data indicate that the risk of viral reactivations remains significant in the context of
TCR ap+/CD 19+ depleted haplo-HSCT. However, the reported mortality rates associated
with these infections are very low. Importantly, risk of EBV reactivation and EBV-related
PTLD appear to be very low in patients undergoing this type of transplant. Ultimately, larger
analyses will be required to compare rates of opportunistic infections and viral reactivations
and their clinical consequences in TCR ap+/CD 19+ depletion compared to other transplant
modalities.

TCR ap+/CD 19+ depletion in non-haploidentical donor transplantation

TCR ap+/CD 19+ depletion is also being increasingly studied in non-haploidentical
transplants, including matched related donor (MRD) and MUD transplants. A study
conducted by de Witte et al. utilized TCR ap+ depleted transplants from MRD or MUD
sources for 32 patients with a variety of hematologic malignancies [47]. The conditioning
regimen in this study consisted of ATG + fludarabine + busulfan. Post-transplant immune
suppression was accomplished by a 28-day course of mycophenolic acid. This study did not
involve CD 19+ depletion. Notable results reported in this abstract include the fact that all
patients in this study engrafted and that there was no grade 111-1V aGVHD (grade I-I1 not
reported) at 100 days. There were two deaths in the first few months of follow-up, one due
to mucormycosis, the other related to GVHD post DLI. There was no significant difference
in the rates of CMV or EBV reactivation when compared to a historical control cohort of
patients receiving T cell replete allo-HSCTs (CMV incidence 54% versus 38%, p=.48, and
EBV incidence 32% versus 9%, p=.148). A separate study conducted by the same group and
reported in an abstract used TCR ap+ depleted grafts from MRD and MUD sources for 14
patients with poor risk or very poor risk leukemia [48]. The rate of primary engraftment was
40%, 75%, or 100% depending on the type of conditioning regimen utilized (fludarabine +
cyclophosphamide, fludarabine + busulfan, and ATG + fludarabine + busulfan, respectively).
In this study, NK cell and y& T cell recovery in the early posttransplant period showed a
similar pattern as seen in the haploidentical setting.

There have also been studies using both haploidentical donors and MUD sources with TCR
aP+/CD 19+ depletion that show no significant difference between transplants when the two
cohorts are compared. The study by Maschan et al. [32] notably included donor lymphocyte
infusion (DLI) after transplant. Four patients in this study received therapeutic DLI for
>10% increase in mixed chimerism in CD34+ cells or bone marrow on monthly
surveillance. Patients with high risk disease were eligible for modified preventive DLI, and
13 patients received a median of three preventive DLIs. Engraftment was 100%. Grade 11-I11
aGVHD was observed in 39%. The rate of cGVHD was 30%, which is higher than that
reported in other trials using this transplant method. The authors suggest that this may have
been due to the use of horse ATG as opposed to rabbit ATG given that horse ATG is known
to be less immunosuppressive. However, the use of DLI in this trial makes GVHD rates
difficult to interpret. The rate of CMV reactivation was 52% and CMV disease 6%. The rate
of EBV reactivation was 50%, which is notably higher than in other trials, though the rate of
EBV disease was low at 6%. Two-year TRM was 10% with two-year OS and leukemia-free
survival 67% and 68%, respectively. Comparison of haploidentical and MUD transplantation
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was not a primary aim of the study, but the authors report that engraftment, GVHD, and viral
reactivation rates did not differ significantly between the two groups.

The same group studied the use of TCR ap+/CD 19+ depleted allo-HSCTs in pediatric
patients with ALL and reported their results in two separate abstracts. They found no
significant differences in the rates of engraftment, GVHD, TRM, or OS between the 42
patients undergoing haploidentical transplant and the 25 patients undergoing MUD
transplant [31]. Similarly, this group utilized TCR af+/CD 19+ depleted allo-HSCTs for 59
pediatric patients with AML and found no significant difference in the rates of engraftment,
GVHD, TRM, or survival between the 22 patients receiving haploidentical transplants and
the 37 patients receiving MUD transplants [30].

Taken together, the data from these studies suggest that TCR ap+/CD 19+ depleted allo-
HSCT may also be advantageous in patients undergoing MUD or MRD transplants with
similar outcomes compared to TCR ap+/CD 19+ depletion for haploidentical
transplantation.

Conclusions

In summary, current available data from clinical trials studying TCR ap+/CD 19+ depletion
for haploidentical allo-HSCT indicate that this modality of transplantation might be superior
to other strategies involving haploidentical transplantation. Rates of engraftment, acute and
cGVHD, TRM, and survival are comparable, or even better, compared to studies involving
earlier strategies for haploidentical allo-HSCT including CD34+ selection and CD3+/
CD19+ depletion. It will be particularly interesting to further explore how the infusion of
large numbers of immunocompetent cells and the rapid immune reconstitution will affect
these classical HSCT outcome parameters. Beyond the haploidentical setting, this graft
engineering technique seems also suitable for the preparation of matched related and
matched unrelated stem cell products. It should be noted however that the majority of the
studies exploring this have involved only a small number of patients.

Allogeneic stem cell transplantation is commonly performed in the context of non-detectable
or minimal residual disease, offering the patient the highest likelihood of cure. It is
reasonable to believe that fast engraftment and the presence of immediately available
immune cells that can facilitate a critical GVT effect is a decisive factor for decreasing
relapse-related post-transplant mortality. In addition, this constellation may allow for novel
early post-transplant immunotherapies (e.g. with tumor-targeting antibodies) that can take
advantage of the donor-derived transplanted and rapidly reconstituting immune cells.
TCRap+/CD19+ depleted haploidentical HSCT may therefore afford distinct
immunological advantages over other allogeneic transplant methodologies and provide a
unique opportunity to further augment and exploit a potent GVT immunoreactivity.

Larger studies and longer follow-up in the various patient populations that are in need of
life-saving stem cell transplantation are necessary to further evaluate TCRap+/CD19+
depleted graft engineering. This will be particularly true for better delineating the risk of
cGVHD, infections, and survival for more specific disease sub-types and conditioning
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regimens, and comparing this strategy to other haploidentical and non-haploidentical

allogeneic transplant approaches.
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