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CORRESPONDENCE

Related versus unrelated allogeneic HPC graft cryopreservation: a
single-center experience in the context of the global COVID-19
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To the Editor:

Under normal conditions, and despite being an organiza-
tional challenge, the vast majority of allogeneic hemato-
poietic progenitor cell (HPC) grafts collected from related
donors (RD) or unrelated donors (URD) are freshly infused
within hours of collection, while cryopreservation is
restricted to exceptional conditions related to donor
unreliability/unavailability [1]. However, since the begin-
ning of the global COVID-19 pandemic, recommendations
from professional societies (AABB, EBMT, ASTCT,
WMDA, and FACT) were issued to cryopreserve allo-
geneic HPC grafts. The rationale behind is to minimize the
risk of harvesting a cell product from a SARS-CoV-2
positive donor (by physical examination and RT-PCR
testing of a nasopharyngeal swab) as well as to exclude
potential transport setbacks (due to closed national borders
or other reasons) before initiation of conditioning regimen.
Recent studies reported on the minimal impact cryopre-
servation of allogeneic grafts has on hematopoietic recov-
eries, risks for acute graft-versus-host disease, non-relapse
mortality or overall survival of patients with hematological
malignancies, despite the heterogeneity of these assess-
ments [2, 3].

At our institution, cryopreserved HPC grafts (autologous
and occasionally allogeneic) are thawed and washed before
infusion, according to standardized, and mostly automated
procedures, generating cell products with high CD34+ cell
recovery and viability [4]. We hereby report our single-
center experience of cryopreserved HPC allogeneic graft
manipulation, from both RD and URD, in the peculiar
context of the global COVID-19 pandemic.

Data from our cell processing facility were compiled for
42 allogeneic rHuG-CSF-mobilized peripheral blood HPC
products (28 RD and 14 URD) processed between March
and July 2020. RD HPC grafts were collected at our
apheresis unit, while URD HPC grafts were collected in
centers in Europe and subsequently temporarily stored and
transported at +4–10 °C. Upon reception, systematic pla-
telet depletion/volume reduction, suspension in 6% HES
10% DMSO at 100 ml per bag, and cryopreservation in a
controlled-rate freezer were performed, before storage in
vapor phase of nitrogen containers. All products tested
negative for microbiological contamination (aerobic and
anaerobic cultures on both fresh and thawed/washed cell
products). Dry-thawing was performed on Smart-Max
(Cytiva Europe GmbH), followed by automated washing
using Sepax-2 (Cytiva Europe GmbH).

Viable CD34+ and CD45+ cell counts were determined
by single-platform flow cytometry assay using Stem-Kit
(Beckman Coulter) according to the modified International
Society of Hemotherapy and Graft Engineering (ISHAGE,
now ISCT) protocol which includes the use of 7-AAD and
Flowcount Fluorospheres (Beckman Coulter) for absolute
viable CD34+ cells counting of a sample from the washed
bag immediately before infusion [5]. As a validated test for
potency, colony-forming unit (CFU) assay was performed
on all washed products followed by automated counting on
STEMVision (Stemcell technologies) at the end of the
14-day incubation period, as previously reported by our
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group [6]. Data analysis was performed using GraphPad
Prism 5 (GraphPad, La Jolla, CA).

Median CD34+ cell recovery and CD45+ cell viability
were 71% (range: 42–99%) and 82% (range: 50–94%),
respectively, for all donors (n= 42), yet URD grafts
exhibited lower cell recoveries, viabilities and wider varia-
tions, longer transit times being probably a key contributing
factor (transit time= time between the end of apheresis
collection and cryopreservation; median of 2.1 h for RD
versus 45.9 h for URD). Storage length in vapor phase
of nitrogen containers (17 days for RD, range 9–178 days
versus 15 days, range 11–40 days for URD), CD34+ cell
dose pre-cryopreservation (9.1 versus 9.2 × 106/kg, respec-
tively), and CD34+ cell dose after thawing and washing
(6.1 versus 5.1 × 106/kg, respectively) were similar. Viable
CD34+ cell recovery for URD (62%, Fig. 1) was lower than
that reported by Berens et al. and Fisher et al. (93 and 98%,
respectively) yet CD45+ cell viability (71%, Fig. 1) was
higher (58 and 64%, respectively) [7, 8]. Reasons could be
related to differences in transit times, techniques for wash-
ing thawed cells before infusion and differences in CD34+

cell quantification method.
URD grafts exhibited lower CD34+ and CD45+ cells

viabilities than RD grafts, with transit time negatively cor-
related with CD34+ cells viability at infusion: r2= 0.198,
regression coefficient −0.205 (95% CI: −0,341 to −0,07),
p= 0.004. This observation is in line with the recent report
by Purtill et al. [9], despite significant differences: nine
Australian cell-processing laboratories using heterogeneous
cryopreservation and QC methods, without DMSO-removing
manipulations prior to infusion. However, in terms of CFU
counts as an in vitro test for potency of HPC, no statistically
significant difference was detected between URD and RD

infused HPC grafts (Fig. 1), ruling out effects of long transit
times on the quality of lineage-specific progenitor cells; our
CFU counts for thawed and washed RD and URD grafts are
similar to those reported by two other groups [10, 11]. The
reduced variability in viable CD34+ cell recovery in our
assessment (42–99%, Fig. 1, compared to 6–122% for the
recent report by Purtill et al.) speaks for the efficacy of
standardized and automated post-cryopreservation proces-
sing, despite the limitation of being a relatively small series
of 42 allogeneic products acquired over a short period of
4 months.

All patients achieved neutrophil recovery at a median of
21 days after infusion for RD (range 13-37 days) versus
22 days for URD grafts (range 16–33 days). Post-infusion
grade I adverse events occurred in 5 of the 28 RD and in
none of the URD transplanted patients. Of the 44 cryopre-
served HPC grafts over this 4 month-period, 2 RD grafts
were not infused due to worsening of the patient’s health
status (4.5%), thus corroborating the ethical issue prompted
by cryopreservation of URD allogeneic grafts [12].

In conclusion, cryopreservation of allogeneic HPC grafts is
a reasonable option that might be implemented after benefit-
risk assessment to ensure both safety of the collected HPC
graft during exceptional conditions such as the COVID-19
pandemic or anticipated challenges in relation to cell pro-
curement or transportation. While CD34+ cell loss remains
unavoidable, inter-individual variability can be mitigated by
robust, standardized, and automated post-collection proces-
sing. Since CD34+ cell recovery tends to be lower for URD
grafts (63 versus 74% for RD grafts, Fig. 1), we therefore
suggest to systematically reduce transit times when feasible
and to request a slightly higher dose of CD34+ cells to be
collected by donor centers for URD.
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Fig. 1 CD34+ cell recovery and viability, CD45+ cell viability and
potency assay assessment of HPC grafts of both RD and URD after
thawing and washing. Single-platform flow cytometry-based analysis
was used for viable CD34+ and CD45+ cells enumeration and mea-
surement of viability, while a 14-day culture and automated cell
counting were performed to report CFU counts and clonogenicity.
CD34+ cell recovery was calculated as the ratio of absolute count of
post-wash viable CD34+ cells to pre-cryopreservation absolute counts

of viable CD34+ cells. Clonogenicity was calculated as the percentage
of CFU count (×104) to post-wash viable CD34+ cells absolute count
(×106). Data are presented as median ± interquartile ranges. Recovery,
viabilities and clonogenicity are reported as percentages using the left
y-axis. CFU is reported as count (×104/kg) using the right y-axis.
Open symbols represent RD, closed symbols represent URD. p values
are reported above the groups using Mann–Whitney test for null
hypothesis testing.
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