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Chimeric antigen receptor T cell (CART)
products have demonstrated promise as a
treatment for relapsed or refractory pediatric
acute lymphocytic leukemia (ALL) and adult
relapsed or refractory diffuse large B cell
lymphoma (DLBCL). Logistical complex-
ities, requisite release testing, and other con-
siderations currently favor a centralized
manufacturing approach where the apher-
esis product is shipped fresh or frozen to a
centralized manufacturing site and the final
product is manufactured and cryopreserved,
shipped frozen to the infusing center, and
then infused. Data from Novartis and Kite
have demonstrated a robust viability post-
thaw of the cryopreserved products but it is
largely unknown how these results compare
to the product prior to cryopreservation. In
this issue of Molecular Therapy, Panch
et al." evaluated fresh versus thawed periph-
eral blood mononuclear cell (PBMNC)
products, as well as fresh versus thawed
final CART cell products. They observed a
decrease in cell viability within 2 days
of thawing the cryopreserved PBMC but
did not observe a difference in cell expan-
sion, transduction efficiency, percentage of
CD3% cells, or CD4:CD8 ratios. The study
also reported elevated expression of mito-
chondrial dysfunction, cell cycle damage
pathways, and apoptosis signaling in cryo-
preserved CART products, revealing poten-
tial differences in fresh versus cryopreserved
products from healthy donors. Despite these
differences, the authors reported similar
in vivo persistence and clinical outcomes in
patients treated with fresh, cryopreserved,
and thawed CARTS.

The approval of Kymriah and Yescarta by
the US Food and Drug Administration
(FDA), as well as other regulatory agencies
in Europe and Australia, indicate that cryo-
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preserved CART products are efficacious,
but differences between fresh and cryopre-
served CART products have not been exten-
sively studied in humans. Chong et al”
reported recently that in ALL and DLBCL
patients receiving cryopreserved CARTS,
there was no relationship between viability
and clinical response, albeit with a favorable
viability range between 73.7% and 98.4%.
Previous cellular therapies—including anti-
gen-specific T cells,” tumor-infiltrating lym-
phocytes (TILs)," and CARTs’’—have
required high viability in cryopreserved and
thawed samples and thus clinical efficacy
has not forced a widespread evaluation of
whether fresh T cells would be more effica-
cious. However, this is not true for all cellular
therapies. Initial reports in mice demon-
strated that cryopreserved natural killer
(NK) cells were inferior to fresh NK cells,”
and this observation was later substantiated
in a clinical trial testing the safety and
efficacy of NK cells in multiple myeloma
patients. Cryopreserved NK cell products ex-
hibited poor potency and recovery post-thaw
and robust NK cell expansion was only seen
in patients infused with fresh NK cells.”
Similarly, cryopreserved and thawed mesen-
chymal stromal cells (MSCs), which have
been used extensively worldwide as a treat-
ment for graft-versus-host disease and other
inflammatory diseases with promising re-
sults, have demonstrated impaired ability to
inhibit T cell proliferation, albeit in in vitro

studies.'’

Despite promising outcomes with CARTSs
from a diverse group of academic centers
and companies using cryopreserved CARTS,
recent data from centers manufacturing their
own CARTs—particularly those using the
Miltenyi Prodigy device—have reported
viability as low as 47.2% (range: 47.2% -
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68.9%) post-thaw, which is inconsistent with
viability data and release criteria published
by other centers and for other cellular immu-
notherapies (B.D. Johnson, 2019, Transplan-
tation & Cellular Therapy Annual Meeting,
conference).z‘5 ~7 Therefore, a formal assess-
ment of the impact of cryopreservation on
CART parameters and subsequent clinical
outcomes would be highly valuable and could
impact logistical considerations, clinical trial
design, testing requirements, and infusion
timelines of future studies.

Panch et al." designed their elegant study to
retrospectively analyze data from 6 of their
single-center CART clinical trials. These
CART products were manufactured at the
Center for Cellular Engineering at the NIH
and infused to adult and pediatric patients
with hematologic malignancies or solid tu-
mors who were enrolled in National Cancer
Institute Institutional Review Board (IRB)-
approved protocols. In addition to analyzing
available data from patient-specific products,
they also performed manufacturing runs
from 3 healthy donors to compare cell sur-
face markers and genetic signatures of
fresh versus cryopreserved CART products.
Overall, they addressed two key questions:
(1) what is the effect of cryopreservation
on PBMNCs that will be used to generate a
final CART product, and (2) what is the
effect of cryopreservation on the final
CART product?

Of 147 infusates, the starting PBMNC frac-
tion was cryopreserved for 70 infusions.
Two days after thawing, the viable total
nucleated cell percentage was significantly
lower in the cryopreserved fraction. Despite
the difference in viability, the cell yield was
sufficient in all products to proceed with
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manufacturing and ultimately the cryopre-
served PBMNC fraction did not demonstrate
a significant difference in fold-expansion,
transduction efficiency, percentage of
T cells, or CD4:CDS8 ratio at the time of
CART harvest.

Seventy-nine CART products were also
cryopreserved (including 50 products where
both the PBMNC and CART final product
were both cryopreserved). When compared
to the analysis of the same fresh CART prod-
ucts pre-cryopreservation, there were no
significant differences in the percentage
of T cells, transduction efficiency, and
CD4:CDS8 ratios pre- and post-cryopreserva-
tion and thaw. These results are similar to
those published by Xu et al.'' in a NOD/
SCID model testing human B cell maturation
antigen (BCMA)-specific CARTs that were
fresh or cryopreserved and thawed. They
also observed differences in cryopreserved
T cells in vitro, but these differences were
not observed in an in vivo NOD/SCID
model.

In 2 CART protocols, Panch et al.' had a
sufficient number of patients to statisti-
cally compare fresh and cryopreserved and
thawed CART infusions. In vivo, peak levels
of the CD22 CART's were higher in the fresh
CART group, but there was no difference in
persistence.

To validate the previous findings and further
evaluate the impact of cryopreservation at a
gene-expression level, the authors performed
manufacturing runs using 3 healthy donors
and compared these products before and
after cryopreservation and thaw. After anal-
ysis, 1,139 genes were identified that were
overexpressed in the cryopreservation and
thawed CARTSs. These included genes related
to apoptosis and cell-cycle damage.

One of the strengths of this manuscript is that
it encompasses 6 different clinical protocols, a
heterogeneous patient population, and a
diverse range of CART constructs ranging
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from gamma retroviruses to lentiviruses and
populations isolated by elutriation, (and/or)
bead enrichment, or ficoll. Still, one caveat
is that the manufacturing was all performed
by the Center for Cellular Engineering: a large
volume, highly skilled manufacturing center
with years of experience with CARTs. How
these data translate to centers with less expe-
rience that use more automated procedures
such as CART's manufactured on the Prodigy
machine is a major caveat that requires
further investigation.

The success of CARTS has been transforma-
tive for the field of cellular therapy, but the
field itself is still in its infancy. Critical eval-
uations such as those presented in this issue
of Molecular Therapy will play a pivotal
role in influencing whether centralized
manufacturing is a feasible, sustainable, and
cost-effective model. Using fresh starting
material may have recognized advantages,
but the ability to cryopreserve the starting
material also allows for a more efficient—
and likely less expensive—manufacturing
process that can be more easily managed
and scheduled in industry and academic
cellular therapy laboratories alike.

Based on this report by Panch et al.', cryo-
preservation does impact PBMNCs and
CARTs, but in a way that seems to be
compensated for by exposure to antigen
and the appropriate microenvironment. All
things considered, maybe frozen is good
enough.
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