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The case for plerixafor to replace filgrastim as the optimal agent
to mobilize peripheral blood donors for allogeneic hematopoietic
cell transplantation
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Granulocyte colony-stimulating factor (G-CSF)-stimulated peripheral blood progenitor
cells (G-PBs) from either a related or unrelated donor continue to be the preferred
donor source for most allogeneic hematopoietic cell transplantation (HCT). Recently,
the American Society for Blood and Marrow Transplantation has recommended mar-
row instead of G-PBs as an unrelated graft source due to its lower rate of chronic
graft-versus-host disease (cGVHD). However, the use of marrow is limited by both clin-
ical considerations (slower rate of engraftment and increased donor morbidity) and
logistical considerations (use of operating room resources and increased physician utili-
zation), so this recommendation has not been widely adopted. An optimal donor source
would include the rapid engraftment characteristic and the low donor morbidity associ-
ated with G-PBs and a rate of cGVHD similar to or lower than that of marrow. Recent
data suggest that plerixafor mobilized PBs (P-PBs) have the rapid engraftment charac-
teristics of G-PBs in allogeneic HCT with less cGVHD. The biologic mechanism of the
lower rate of cGVHD appears to be through mobilization of regulator natural Kkiller
cells and plasmacytoid dendritic cell precursors that are associated with lower acute
and chronic GVHD compared with G-PBs and rapid engraftment characterized by
rapid myeloid-repopulating capacity. We suggest that, based on the experience of the
two Phase II clinical trials and the unique biology of plerixafor-mobilized donor prod-
uct, it should be evaluated in Phase III trials as an approach to replacing G-CSF mobi-
lization for allogeneic HCT. © 2018 ISEH - Society for Hematology and Stem Cells.
Published by Elsevier Inc. All rights reserved.

Currently, the predominant approach to accessioning donor
cells for hematopoietic cell transplantation (HCT) is the
use of granulocyte colony-stimulating factor (G-CSF) treat-
ment of the donor for a number of days, followed by leu-
kapheresis of peripheral blood progenitor cells (G-PBs)
[1]. Over 70% of adult allogeneic HCT procedures utilize
G-PBs in the United States and Canada [2]. Studies have
shown that allogeneic transplantation with unstimulated
bone marrow (BM) allograft results in lower rates of acute
and chronic graft-versus-host disease (aGVHD and
cGVHD, respectively) and improved quality of life
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compared with G-PB grafts [1—3]. One of the definitive
studies to confirm this conclusion was the prospective, ran-
domized Phase III Blood and Marrow Transplant Clinical
Trials Network Protocol 0201 (BMT CTN 0201) clinical
trial that compared G-PBs with BM as a donor source for
unrelated donor HCT. Although the overall survival was
the same and the incidence of graft failure was signifi-
cantly lower in patients receiving G-PBs, the incidence of
cGVHD at 2 years in the G-PB group was significantly
higher compared with BM. No significant difference in the
incidence of aGVHD or relapse was observed. [4]. How-
ever, when the Center for Blood and Marrow Transplant
Research investigated whether the study results influence
the choice of donor source among HCT centers, they
found no significant change in use of BM versus G-PB
grafts. Ninety-two percent of respondents knew of the
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BMT CTN 0201 results, yet fewer than one-fifth of HCT
physicians reported practice change [1] Observational data
confirmed no discernible change in practice.

Recently, the American Society for Blood and
Marrow Transplantation (ASBMT), in its “Choosing
Wisely” recommendations, suggested based on a large
consensus showing a higher rate of cGVHD with
G-PB, that for unrelated donor HCT, that BM is the
preferred source over PB [3]. However, procuring BM
is an invasive procedure and is associated with risks of
general anaesthesia. This recommendation is controver-
sial for many centers and is challenging to implement.
We will review the underlying reasons for the contin-
ued preference of G-PBs, their advantages and limita-
tions, and discuss a newer agent, plerixafor, which
mobilizes a unique blood product that is superior to
G-PBs as an allograft.

Why does everyone use G-PBs as a donor source?
There is a strong case to use G-PBs as a donor source
for allografting. G-PBs result in a much more rapid
engraftment of neutrophils after HCT with potentially
shorter hospitalizations after HCT [5]. As an example,
the Canadian Blood and Marrow Transplantation Group
(CBMTG) compared G-PBs with marrow as a donor
source in related donor HCT and found in 228 adult
patients that G-PBs had a more rapid time to neutrophil
recovery and platelet recovery. The rates of aGVHD
and cGVHD were not significantly different and the
relapse rate was not different, with probability of sur-
vival at 30 months after HCT significantly better for
G-PBs [5]. Not only did G-PBs result in more rapid
engraftment, they eliminated a significant logistic prob-
lem for HCT centers, which is the need to schedule
operating room time for a physician to harvest the mar-
row. Instead, the method paved the way for outpatient
leukapheresis, primarily managed by qualified allied
health workers. Most donors prefer G-PBs because
marrow donors report increased fatigue and less energy
1 week after donation. Moreover, marrow donors report
persistently moderate negative effects on quality of life
and physical morbidity up to 1 month after donation
compared with G-PB donors [6]. An additional factor
that has facilitated the wide adoption of G-PBs as a
donor source is the identical overall cost of G-PBs
compared with marrow donor transplantation at
100 days after HCT [7]. Contrasting data showing
poorer survival in children with G-PBs have limited its
application in the pediatric population [8,9].

What are the limitations of G-PBs as an allogeneic
donor graft?

Although G-CSF treatment presents some immediate
risk to the donor, including splenomegaly with a an
up to 1% estimated risk of splenic rupture [10] and

bone pain [11], the main reason for the recommenda-
tion by the ASBMT to use marrow as a donor source
over G-PBs is the risk to the recipient of cGVHD.
There is now a wealth of data suggesting higher rate
of cGVHD in both related and unrelated G-PB donor
HCT [4,8,12—16]. The higher rate of cGVHD associ-
ated with G-PBs compared with marrow is also seen
with alternative donor transplantations. When G-PBs
are used as a donor source in related haploidentical
donor transplantations treated with posttransplantation
cyclophosphamide (PTCy); both grade 2—4 aGVHD
(hazard ratio [HR], 0.45; p < 0.001) and cGVHD
(HR, 0.35; p < 0.001) were higher with G-PB [17]
compared with marrow as a donor source in PTCy
transplantations.

There is a compelling argument to be made for mini-
mizing cGVHD, which results in significant morbidity
and mortality, decreased quality of life, lifelong
demands on the health care system, and a shortened life-
span. European BMT leaders have therefore declared
pre-emptive strategies to minimize or eliminate cGVHD
as imperative [18]. The cost of cGVHD treatment is sig-
nificant and lifelong. One study of the economic burden
of cGVHD [19] estimated a worldwide loss of $25 bil-
lion U.S. dollars in lost wages from 43,750 years of
foregone employment and an overall 10-year cost of
$30.2 billion. The Canadian Institutes of Health
Research-funded Applied Biomarkers in Late Effects of
Childhood and Adolescent Cancer (ABLE) study on
over 303 children evaluated the impact of cGVHD on
the health care system. Using British Columbia provin-
cial healthcare administrative datasets, the ABLE study
found that children with cGVHD have a rate of physi-
cian utilization 1.9 x higher and prescription rate
2.3 x higher than pediatric BMT patients without
c¢GVHD [20]. Further inflating chronic health care costs,
management of cGVHD, with its multiorgan involve-
ment, requires expert evaluation by a multidisciplinary
team [21,22]. Therefore, any donor source that would
minimize the development of cGVHD will have a sig-
nificant impact on the outcome and cost of allogeneic
HCT. Last, established protocols of mobilization gener-
ally require 4—6 days of daily G-CSF injections that
may cause considerable inconvenience to donors with
daily clinic visits to receive the injections and absence
from work during the leukapheresis. Although long-act-
ing G-CSF may overcome the need for multiple injec-
tions, a drug that can mobilize rapidly so that
procurement of graft can occur on the same day is
highly advantageous.

What about other donor sources?

Although umbilical cord blood has become an exciting
source for infants and young children, it is limited in
its application for adults due to the number of cells
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infused per weight of the recipient required for suffi-
cient engraftment [23]. Moreover, umbilical cord blood
is also limited by the fact that the donor cannot be
approached again for cells potentially required for
treatment of infections, relapse, or rejection and the
slower rate of engraftment [24].

One proposed alternative to G-PBs was G-CSF-stim-
ulated bone marrow (G-BM) [25]. The CBMTG evalu-
ated the efficacy of G-BM compared with G-PBs in a
large Phase III study. Using a composite endpoint of
extensive cGVHD, relapse/disease progression, and
death, the study found no difference between G-BM
versus G-PBs for the primary composite outcome.
However, the cumulative incidence of overall cGVHD
was lower with G-BM and there was no difference in
the risk of relapse or progression. There was also no
difference in secondary engraftment-related outcomes,
such as time to first hospital discharge [6]. Despite
these results, G-BM has not been adopted as standard
of practice primarily due to the difficulty of operating
room scheduling, the increased utilization of physician
time to perform the marrow harvest, and the morbidity
to the donor. We suggest that approaches that can give
a similar or lower cGVHD rate as marrow or G-BM,
more rapid engraftment of G-PBs or G-BM, and that
could be accessioned through a leukaphereis approach
would be optimal donor source for adult donors. The
need for alternative mobilization approach or strategy
is needed to replace G-PBs. A recent comprehensive
review of stem cell mobilization concluded that
there is currently no optimal stem cell mobilization
regimen [26].

There are other established prophylactic approaches to
lower cGvHD in addition to the type of donor source
selected. These include ex vivo manipulation of the donor
source including CD34 selection, TCRa/f and CDI19
B cell depletion, and CD45RA T-cell depletion [27—29].
There are also in vivo depletion approaches including peri-
transplantation ATG [30], alemtuzumab [31], posttransplan-
tation rituximab [32], and PTCy [33,34]. At this point, it is
unclear which of these approaches offers the optimal
approach. In an attempt to answer this question, the open
BMT CTN 1301 (PROGRESS 1I) trial is comparing three
GvHD prophylaxis strategies on their ability to decrease
cGVvHD: 1. CD34 selected T-cell-depleted peripheral blood
stem cell (PBSC) graft, 2. unmanipulated bone marrow
graft followed by PTCy, or 3. an unmanipulated marrow
graft with tacrolimus/methotrexate  GVHD prophylaxis.
Neither CD34 selection nor PTCy excludes possible future
use of an optimal donor mobilization approach and in fact
the combination of a source that already has an associated
lower rate of cGvHD with one of these ex vivo or in vivo
strategies may result in an even better outcome. Although
there are a number of effective drug approaches to treat
c¢GvHD, including sirolimus, mycophenolate mofetil,

rituximab, extracorporeal photopheresis, ruxolitinib, ibruti-
nib, and imatinib [35,36], none has been used prophylacti-
cally to successfully decrease the incidence of cGvHD.

What donor product composition would give the
best donor source?
In the last few years, several studies have performed
correlative evaluation of the donor source in an attempt
to identify which donor product components are most
important in the development of cGVHD. Correlative
studies from the prospective Phase III BMT CTN 0201
that evaluated unrelated donor BM versus G-PBs found
that patients receiving a marrow donor with a higher
median number of plasmacytoid dendritic cells (pDCs),
naive CD8" T cells, or naive CD4" T cells had better
3-year overall survival, less aGVHD, and similar rates
of relapse. Moreover, increased pDCs in the harvest
was associated with fewer deaths resulting from
GVHD or graft rejection, but not the incidence of
either aGVHD or cGvHD. Interestingly, evaluations on
G-PB grafts did not identify a donor cell subset signifi-
cantly associated with overall survival, relapse, or
GVHD [29]. Therefore, the study could not identify a
donor cell population that was associated with the
higher rate of cGvHD seen with G-PBs.

A similar analysis was performed by the CBMTG in
a large Phase III randomized trial (CBMTG 0601) with
HLA-identical sibling donors that compared the impact
of G-PBs with G-BM on the development of cGvHD.
In this trial, G-BM graft had a significantly lower fre-
quency of cGvHD compared with G-PBs [37]. After a
comprehensive analysis of donor immune cell composi-
tion, the study identified three donor cell populations
that were associated with an increased incidence of
cGvHD, including higher memory B cell, lower INFy-
producing CD4" T cells, and lower number of
CD56°8" patural killer (NK) cells. A number of donor
immune cell populations did not affect the develop-
ment of ¢cGvHD in this large study include CD8" T
cells, regulatory T cells (T,gs), pDCs, and myeloid
dendritic cell. The study found that of these three pop-
ulations associated with a higher rate of cGvHD, only
lower numbers of CD56°&" regulatory NK (NKce)
cells in G-PBs explained the underlying mechanism for
the higher rate of cGvHD associated with G-PBs com-
pared with G-BM [38]. Confirmation of the relative
importance of this immune regulatory population
is its correlation of low numbers of CXCR3*CD56" €™
NK,; cells with the onset of ¢cGvHD in adults [39].
This population also expresses CD335 and is
perforin negative. Currently, the pDC or pDC precursor
(pre-pDC) populations appear to primarily correlate
with development of aGVHD [40]. By contrast, we
observed CD56°"eht NK,., cells correlated with both a
lower rate of aGvHD and cGvHD [38,39] similar to that
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seen with plerixafor mobilized peripheral blood transplanta-
tion [40,41]. Although the large Phase Il CBMTG study
clearly identified that CD56™&™ NK,, cells appeared to be
the reason for the high rate of cGvHD associated with G-
PBs, it was limited in that it only included matched related
donors and the comparison group was G-BM rather than
BM. It is possible that, when other studies include compar-
isons of unrelated donors or compare G-PBs with BM,
other donor cell populations that correlate with cGvHD,
such as B cells, may be implicated as a cause for the high
rate of cGvHD seen with G-PBs. At present, NK,., cells
are the only cell population clearly associated with the
high rate of cGvHD in G-PBs, based on one large Phase
I clinical trial, and we propose that mobilization strategies
that increase NK,., cells and possibly pre-pDCs may result
in a product that has a low rate of cGvHD. Other popula-
tions expanded in a P-PB donor product include B cells
and overall NK cells [40—44].

There are a number of additional cell populations
have been implicated in cGvHD either based on murine
models or in humans. There is evidence that the num-
ber of T cells infused is important for development of
c¢GvHD and that ex vivo CD3" T-cell depletion studies
can have an impact on the development of aGvHD and
cGvHD [45]. Similarly, T,gs clearly appear to play a
role in aGvHD [46]. Although they can alter murine
cGvHD [47], their role in human cGvHD is much less
clear. It has been difficult to establish a reproducible
correlation between the numbers and/or function of
Trees and ¢cGVHD. Studies have shown that patients
have markedly elevated numbers of T.gs [48,49],
decreased T, numbers [50,51], and no correlation
between T,., numbers and cGVHD [52,53]. One form
of successful cGvHD therapy is low-dose interleukin-2
(IL-2) [54]. Low-dose IL-2 therapy causes a significant
expansion of TS, but that expansion does not corre-
late with therapeutic outcome, so causality is not
apparent. Only when T,.,s are looked at in proportion
to conventional CD4™ T cells is a correlation of thera-
peutic response to low dose IL-2 observed [55]. Inter-
estingly, the other population that is significantly
expanded by low-dose IL-2 is CD25" CD56""¢" NK,.,
cells [56]. The other population is that of naive CD4"
T cells. There are data supporting that CD45RA* CD4"
T cells are increased as a possible effector cell popula-
tion and are associated with higher rates of cGvHD
[57]. In our own experience, plerixafor did not affect
CD45RA™ CD4* T cells and we did not find it to be
important in the CBMTG populations. Conversely,
there are ex vivo strategies being pursued in clinical
trials and such an approach may be combined with
mobilization strategies in the future. Other immune
cell populations that may affect cGvHD are regulatory
B cells and M2 macrophages [58]. The impact of pler-
ixafor on these populations is not known.

Is plerixafor the optimal mobilizing agent for a PB
collection?

Plerixafor binds to and blocks the chemokine receptor
type 4 (CXCR4) on stem cells, which results in migra-
tion of the stem cells into the bloodstream. There have
now been two early-phase trials evaluating P-PBs as a
donor source in allogeneic HCT. The first trial evalu-
ated the donor source in 20 patients and found that all
patients engrafted rapidly with neutrophils (median:
day 10) and platelets (median: day 12). The study
reported lower aGVHD (e.g., grade 2—4 aGVHD at
35%) and cGVHD (at 33%) rates relative to G-PB
donor HCT and these rates were similar to marrow
allograft [42]. A second more recent trial evaluated 33
patients and despite twofold higher numbers of CD3" and
CD4" T cells contained in the P-PB grafts relative to G-
PBs, recipients of P-PB allografts showed low rates of
grade 2—4 aGVHD (21%) and cGVHD (35%) [40]. Most
donors receiving plerixafor experienced some adverse
effects, but all were mild. The most common grade 1 tox-
icities included light-headedness, nausea, bloating or flatu-
lence, injection site discomfort or warm sensation,
perioral paresthesias, loose stools, diaphoresis, and head-
ache. The median time to neutrophil and platelet engraft-
ment for recipients receiving P-PBs compared with G-PBs
was equivalent. This was particularly interesting because
CD34" cell doses in P-PBs were significantly lower com-
pared with historical controls who had received 5 days of
G-PBs. This may be partly due to the fact that plerixafor
preferentially mobilized a unique CD34" interferon-
alpha (IFNa)—producing pDC population that was
CD34"CD45RA*CD123™*, characteristic of the pro-DC2
subpopulation [44]. These findings suggest that P-PBs
have unique characteristics that result in lower rates of
aGVHD and cGVHD.

At present, it is uncertain whether the relapse rate asso-
ciated with the use of P-PBs is higher than for G-PBs. Of
the two Phase II trials, in one trial, five patients relapsed
between days 47 and 257 after transplantation in a a total
of 25 patients. There was an overall 1-year survival of
73% [42]. The second study included 22 Phase I and 34
Phase II trial patients and allowed inclusion of reduced-
intensity conditioning regimen [40]. In that study, there
was a 45% overall 1-year survival rate with a 238 day
median relapse-free survival. Although these are small
numbers, four of five patients who received the reduced-
intensity conditioning relapsed. Larger trials are needed to
establish whether the relapse rate is different from that of
G-PBs.

Does a plerixafor-mobilized donor product result in
rapid engraftment and lower cGVHD?
Measurements of peripheral blood CD34" cells, in vitro
myeloid colony-forming cells, 3- and 6-week long-term
culture (LTC) cell outputs, and levels of circulating
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human platelets (Table 1), as well as myeloid and lym-
phoid cells obtained in immunodeficient mice that
received transplantations, all showed activities that
were maximal 4 hours after plerixafor preceded by
4 days of G-CSF. Further, 3-week LTC outputs showed
the highest concordance with the 3-week circulating
human neutrophil levels obtained in mice that received
transplantations [59]. Similar to the previously men-
tioned lack of correlation of CD34" cell dose with
engraftment, the 3-week LTC assay appeared to offer a
more specific predictor of neutrophil engraftment levels
than conventional CD34" cell or colony-forming cell
counts. Although mobilization was highest with G-CSF
followed by plerixafor, it was not different from plerix-
afor alone but significantly higher than G-CSF alone.

A recent study evaluated P-PB for pre pDCs confirmed
a lower rate of aGVHD [40]. The authors also showed that
plerixafor mobilized a unique hematopoietic progenitor cell
product that is enriched in pre-pDCs that produce high lev-
els of IFN«. The study was too small to evaluate whether
there was a direct correlation of the pre-pDCs with either
aGVHD or cGVHD [44]. However, these data suggest the
hypothesis that the relatively rapid onset of mobilization by
plerixafor (hours vs. days by G-CSF) generates a novel PB
graft that immunologically and phenotypically resembles
cells harvested from bone marrow [40—44,59]. The

Table 1. Comparison of donor sources mobilized by G-CSF and plerixafor

resulting unique allograft contains immune subsets, includ-
ing pre-pDCs and pDCs, which favorably modulate allor-
eactivity after transplantation, thus resulting in lower
GvHD rates.

Recently, we hypothesized that an additional donor
cell population, CD56""#" NK,., cells, may affect the
development of cGVHD and that there is a selective
increase in NK,¢, cells by plerixafor. Similar to earlier
studies [40,60], we observed the peak action of plerixa-
for at 4 hours after administration and selected this
time point for further analyses of plerixafor effect on
CD56 rieht NK,, cells. We found that plerixafor
induced a significantly higher rise of CD56" & NKc,
cells in peripheral blood than 4 days of G-CSF alone
or G-CSF followed by plerixafor. This result suggested
that plerixafor effectively mobilized CD56""¢" NK,
cells to the peripheral blood. Because the source of
allograft influences the risk of GvHD, we examined the
effect of plerixafor on the proportion of CD356"EM
NK,., cells in the peripheral blood. We found a signifi-
cant increase in the proportion of CD56°rieht NKiee
cells in peripheral blood relative to BM after plerixafor
administration. The CBMTG clinical trial demonstrated
that G-CSF-mobilized BM allograft was associated
with a lower incidence of GvHD compared with
G-CSF-mobilized PBs [38]. Moreover, a G-CSF-

Donor Source G-PBs vs. BM G-BM vs. BM P-PBs vs. BM P-PBs vs. G-PBs
Clinical Features: Impact on Recipients

Engraftment rate Higher Higher Higher Same
aGvHD Higher Same Same Lower
cGvHD Higher Same Same Lower
Leukemia relapse Same Same Same Same
Clinical Features: Impact on Donors

Quality of Life Higher Same Higher Same
Hematopoietic Characteristics [59—61]

In Vitro Characteristics

CD34 +++ + +++ ++
CFC ++ ++ ++ Same
LTC (3 and 6 weeks) +++ ++ +++ Same
In vivo Engraftment in Immune Compromised Mice (at 3 Weeks)

CD45 ++ ++ +++ +
Myeloid ++ ND +++ +

B cells Same ND + Same
Platelets ++ ND +++ ++
Immunologic Characteristics [25,38—44,58]

T cells ++ Same +++ ++

B cells + ++ +++ ++
NK cells + ++ +++ +
Regulatory Populations Associated with Lower cGVHD [26,38,70,71]

NK., cells - Same ++ ++++
Pre-pDCs and pDCs In BM associated with lower aGvHD Unknown ++ +++
Tregs — Same + ?

ND=not done, ?=uncertain, —=lower, +=higher, *=variable results in studies.
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Figure 1. Proposed effect of plerixafor mobilization on donor immune cell components. Based on murine and human data, plerixafor appears to
increase release of immature NK cells, T cells, B cells, and dendritic cell populations. Some of these populations, including CDS()h"_ght NKeg
cells and pre-pDCs, appear to be have regulatory immune function and decreased cGvHD (CD56P" " NK,., cells) and aGvHD (CD56eht NKiee

cells and pre-pDCs).

mobilized bone marrow allograft that contains higher
number of CD56"ieht NK,., cells is associated with
lower frequency of GvHD [38]. In this study, plerixa-
for induced a significantly larger increase in CD56°" €™
NK,., cell population in the peripheral blood than
G-CSF-stimulated BM allograft. These results sug-
gested that plerixafor mobilized the highest proportion
of CD56rieht NK,., cells to the peripheral blood com-
pared with bone marrow. One limitation of this study
is that we evaluated peripheral blood rather than a
peripheral apheresis product and apheresis may alter
graft composition.

Peripheral CD56™€" NK cells have a known regulatory
function and are similar to decidual CD356™E" NK
cells associated with immune tolerance necessary in the
maternal—fetal graft between the uterus and placenta
[61,62]. CD56™ e NK. cells express a number of surface
antigens including CD94/NKG2A, NCR1 (NKp46 or
CD335), ILIRA, IL18RA, DNAM-1, CCL7, CXCR, and
preferentially express granzyme K [63]. There appear to be
a number of mechanisms by which CD56" €M NK, cells
modulate immune responses. The mechanism by which
NK,e, cells modulate CD4" T cells include cytotoxicity
through granzyme K and granzyme B secretion as well as
by NKGD—NKGD ligation and NCR—NCR ligation [64].
However, the non-cytolytic NK,, cells appear to be what
we primarily observe and they have been described to
reduce proliferation of CD4" T cells by secretion of adeno-
sine, granzyme, and perforin. Interestingly, a recent study
has shown that NK cells inhibit germinal center activity

and may depress follicular T-helper cell and B-cell interac-
tion, resulting in decreased high affinity antibody production
[64]. However, the exact mechanism by which CD56Preht
NK,, cells modulate cGvHD at this point is unclear. Previ-
ously, it has been shown that CD16- CD56™" NK cells
population are the only NK or NKT populations that uni-
formly expressed trafficking molecules, including CXCR3
and CXCR4, which are necessary for homing into second-
ary lymphoid organs through high endothelial venules [65].
Therefore, we propose that plerixafor preferentially mobi-
lizes the CD56""€" NK,., population (Figure 1).

Other immune cell populations that express the
homing receptor CXCR4 include T cells, CD34" cells,
NK cells, B cells, and pDCs. Other CXCR4 antagonists
used to mobilize peripheral blood, including balixafor-
tide [66] and BL-8040 [67], both appear to have simi-
lar mobilization patterns of T cells, B cells, CD34"
cells, CD56" NK cells, and pDCs. In addition, in mice,
CXCR4 blockade is associated with decreased PD-
1"LAG-3"2B47CD4" T cells, suggesting that blockade
of CXCR4 mitigates CD4" T-cell exhaustion [68]. Thy-
mic T,..s increase the expression of CXCR4 as they
home to secondary lymphoid tissues, but little is
known regarding the impact of plerixafor on this pro-
cess [69] and the role of T,..s in modulating cGVHD
is variable. Overall, the rapid mobilization of immature
lymphoid populations by plerixafor appears to result in
a donor product that is more tolerant.

In this review, we have demonstrated that a single
subcutaneous administration of plerixafor results in a
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donor product that has a more rapid myeloid engraft-
ment, minimal donor toxicity, and a low rate of both
aGVHD and cGVHD with a similar relapse and
engraftment rates compared with other graft sources.
Moreover, there is a biological characteristic of P-PBs
that explains the rapid engraftment and lower aGvHD
and cGvHD rates. We suggest that the unique donor
product mobilized by plerixafor meets criteria for ease
of collection, rapid engraftment, and increased cell
populations associated with cGvHD that will be supe-
rior to current donor collection strategies.
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