applications in the management of AA patients. Indeed,
deep whole exome sequencing,”” CyTOF" and deep TCR
analysis’ all help to better describe the pathogenic events
underlying bone marrow failure syndromes. Even if none
of them translates into immediate therapeutic decisions,
they are all useful to confirm the diagnosis, to determine
the prognosis and possibly to monitor the clinical course
of AA patients. Indeed, this latter application may be use-
ful for early identification of refractory or relapsing
patients, paving the way for pre-emptive therapeutic
interventions. Moreover, the deep dissection at the clonal
and at the functional levels of the immune T-cell compart-
ment (e.g. combining CyTOF and TCR analysis) may also
answer some open questions in the field. For example,
the differential depletion of some specific T-cell subsets
might explain the different outcome seen with different
ATG preparations.® These novel technologies may help
identify the specific T-cell subsets which are crucial to the
pathophysiology of AA (and possibly differentially
depleted by distinct ATG brands), possibly driving the
development of future targeted therapies.
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After more than a half-century since the molecular

basis for sickle cell disease (SCD) was described by

inus Pauling and colleagues, we now possess the
molecular tools to contemplate a one-time cure through
genetic modification of autologous hematopoietic stem
cells (HSC). For these promising gene transfer and gene
editing strategies to become a reality, a sufficient number
of HSC of high purity must be obtained. Filgrastim, or
granulocyte colony-stimulating factor, mobilization and
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apheresis is the standard method for HSC collection in
healthy adult donors, yet this approach is associated with
high rates of adverse events requiring hospitalization in
SCD, including vaso-occlusive crises, multi-organ failure,
and even death, prompting our call for a moratorium on its
use for HSC mobilization in SCD.' Thus, bone marrow
harvesting is the default approach, with evidence support-
ing its utility in both animal models and i vitro studies uti-
lizing patients’ material.** However, bone marrow harvest-
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ing employed in an ongoing HSC gene therapy trial was
recently recognized to result in suboptimal yields of high
purity HSC at the end of collection and processing, along
with substantial pain after each harvest, and most subjects
required two or three harvests to yield sufficient cell doses
for manufacturing.*

In this issue of the Journal, two groups of investigators
report their results using a third approach to HSC collec-
tion in SCD through mobilization with an inhibitor of the
CXCR4 chemokine receptor, plerixafor. Boulad ez al. per-
formed a dose escalation study of plerixafor among a
total of 15 SCD patients at steady state.” Ten of the
patients were receiving concomitant treatment with
hydroxyurea. Only a minority of patients in each cohort
achieved the target of 230 CD34" cells/uL at 12 h after the
plerixafor injection: three out six at a dose of 80 ug/kg,
one out of three at a dose of 160 ug/kg, and two out of six
at a dose of 240 ug/kg. Two patients (15%) experienced a
vaso-occlusive crisis during the study period — one each at
80 and 240 ug/kg. None of the patients underwent leuka-
pheresis, thus attribution of these adverse events could be
narrowed to plerixafor. On the other hand, Lagresle-
Peyrou et al. reported the outcomes of three patients who
received plerixafor at a dose of 240 ug/kg.® All three
patients received at least 2 months of red cell exchange
transfusion to target a sickle hemoglobin (HbS) near 30%
while hydroxyurea was discontinued. The peak CD34*
cell count reached >75 cells/ul at as early as 3 h after the
injection. All three patients also underwent leukapheresis
of 15 to 21 L, with a resulting total CD34" cell yield of 4.5
to 5.8 x 10° cells/kg and a purity of 80% to 95%. No pain,
vaso-occlusive crises, or sickle-related events were
observed in these three patients.

While the number of patients is relatively small in both
studies, important lessons relevant to autologous HSC
mobilization and collection in SCD with plerixafor can be
gleaned. The first lesson regards preparation of the
patients. Specifically, stopping hydroxyurea and utilizing
red cell transfusions, simple or exchange, to target a HbS
of 30% were likely key factors in the successful mobiliza-
tion of the series reported by Lagresle-Peyrou et al.
Conversely, the absence of these measures in the study
by Boulad et al. may explain why the majority of their
patients failed to reach the target CD34* concentration.
This is consistent with prior work demonstrating a lower
CD34* cell content in the marrow of SCD patients on
hydroxyurea when compared to those not on the drug.®
Discontinuation of hydroxyurea combined with sched-
uled red cell transfusion to keep the HbS near 30% may
also have improved purity, which was 80% to 95% in the
study by Lagresle-Peyrou et al., while helping to mini-
mize the risk of sickle cell-related adverse events while
hydroxyurea treatment was interrupted. Secondly, leuko-
cyte and neutrophil counts increased 2- to 3-fold just
hours after a single injection of plerixafor, even at the
lowest dose of 80 ug/kg tested. Although increases of a
similar magnitude also occurred with filgrastim, the
adverse events seen with filgrastim may have been relat-
ed to the prolonged duration of 5 to 6 days from filgras-
tim that led to the high rates of adverse events in the ear-

lier reports. We will need more patients to ascertain the
contribution of leukocytosis alone and/or the duration of
leukocytosis in developing sickle-related complications.
Thirdly, only three patients underwent leukapheresis and
though adverse events appear acceptable, expanded
accrual could capture additional side effects. Furthermore,
if patients with SCD do not meet the goal and need addi-
tional mobilization and collection, there could be cumu-
lative side effects. Finally, the peak of mobilization of
CD34" cells appeared to be much earlier, at 3-6 hours.
This observation is distinct from that in healthy donors,
in whom the peak is observed at 6-12 hours.” Perhaps the
chronically hyperproliferative marrow in SCD partly
explains this early release of HSC; there could be other
factors at play. Regardless, this observation suggests that
for optimal collection, apheresis should be started within
4-6 hours of dosing.

As clinical applications of gene transfer and gene editing
strategies are being implemented in SCD, obtaining ade-
quate numbers of HSC safely from patients could be the
‘bottleneck’, preventing broad dissemination of these
exciting approaches. The early results provide optimism
that mobilization with plerixafor could be a safer and more
efficacious alternative for HSC collection to either filgras-
tim mobilization or bone marrow harvesting, and provide
general confidence for the further development of these
promising approaches to a one-time cure for SCD.

©2017 NIH (National Institutes of Health)

References

1. Fitzhugh CD, Hsieh MM, Bolan CD, Saenz C, Tisdale JE Granulocyte
colony-stimulating factor (G-CSF) administration in individuals with
sickle cell disease: time for a moratoriumé¢ Cytotherapy.
2009;11(4):464-471.

2. Hematti P, Tuchman S, Larochelle A, Metzger ME, Donahue RE,
Tisdale JE Comparison of retroviral transduction efficiency in CD34+
cells derived from bone marrow versus G-CSF-mobilized or G-CSF
plus stem cell factor-mobilized peripheral blood in nonhuman pri-
mates. Stem Cells. 2004;22(6):1062-1069.

3. Uchida N, Fujita A, Hsieh MM, et al. Bone marrow as a hematopoietic
stem cell source for gene therapy in sickle cell disease: evidence from
Rhesus and SCD patients. Hum Gene Ther Clin Dev. 2017;28(3):136-
144.

4. Uchida N, Bonifacino A, Krouse AE, et al. Accelerated lymphocyte
reconstitution and long-term recovery after transplantation of lentivi-
ral-transduced rhesus CD34+ cells mobilized by G-CSF and plerixafor.
Exp Hematol. 2011;39(7):795-805.

5. Kanter], Walters MC, Hsieh MM, et al. Interim results from a phase I/Il
clinical study of lenitoglobin gene therapy for severe sickle cell disease.
Blood. 2016;128(22):1176.

6. Leonard A, Bonifacino A, Dominical VM, et al. Bone marrow charac-
terization in sickle cell disease: inflammation and stress erythropoiesis
lead to suboptimal CD34 recovery compared to normal volunteer bone
marrow. Blood. 2017;130(Suppl 1):966.

7. Boulad E Shore T, van Besien K, et al. Safety and efficacy of plerixafor
dose escalation for the mobilization of CD34+ hematopoietic progen-
itor cells in patients with sickle cell disease: interim results.
Haematologica. 2018;103(5):770-777.

8. Lagresle-Peyrou C, Lefrere F Magrin E, et al. Plerixafor enables the safe,
rapid, efficient mobilization of haematopoietic stem cells in sickle cell
disease patients after exchange transfusion. Haematologica.
2018;103(5):778-786.

9. Pantin |, Purev E, Tian X, et al. Effect of high-dose plerixafor on
CD34(+) cell mobilization in healthy stem cell donors: results of a ran-
domized crossover trial. Haematologica. 2017;102(3):600-609.



