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When using a closed and
automated manufacturing
platform, is there an option to
maintain flexibility?

Kaman Kim, Carlos Yuraszeck & Joseph O’Connor

To allow greater flexibility and better targeting of CAR T cell therapies, Astellas developed
convertibleCAR™ T cells, which kill antigen-expressing target cells only in the presence of an
activating bispecific adapter. Here, we will discuss the clinical manufacturing of autologous
convertibleCAR T cells, with a special focus on automation of the process using the Lonza

Cocoon® Platform.
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THE ASTELLAS
convertibleCAR
PLATFORM

Kaman Kim

The pioneering CAR T ther-
apies initially approved for
clinical use are technically lim-
ited. They have a single-pur-
pose scFv receptor, no way to
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control the dose of any given
cell, and no mechanism to ad-
dress tumor heterogeneity or
antigen loss. All of these issues
can cause CAR T therapies to
fail — either during treatment
or due to relapse and antigen
loss after administration.

To address these limita-
Xyphos

tions, Biosciences

— an Astellas company — cre-
ated a universal chimeric anti-
gen receptor (CAR; Figure 1).

Our platform provides
a multifunctional receptor,
addressing the single-pur-
pose limitation of an scFv
CAR and allowing for easy
retargeting of our chime-
ric antigen-bearing cell to
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—» FIGURE 1

Range of possible functions with the universal chimeric
antigen receptor.
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any tumor target of interest using a bispe-
cific adaptor molecule. We are also able to
control the function of the CAR T cell by

changing the ratios of adaptor molecules as
needed. Lastly, by combining receptors we
can multiplex and target multiple antigens
simultaneously.

Developing the platform

Our starting point was the NKG2D-MIC
signaling axis. NKG2D is an activating re-
ceptor that is present on natural killer (NK)
cells and allows them to survey the body
for cells that are stressed, often due to viral
or oncogenic transformation. Stressed cells
upregulate MIC ligands on the cell surface,
which bind to NKG2D receptors on NK
cells and prompt them to eliminate the un-
healthy cell.

Applying a structure-based engineering
approach, we mutated the extracellular do-
main of NKG2D to render the receptor in-
ert (iNKG2D) and incapable of binding to
any natural human ligands (Figure 2). We

—» FIGURE 2

The Astellas convertibleCAR T platform.
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The extracellular domain of the NKG2D receptor is mutated to become functionally inert (iINKG2D). iNKG2D is associated
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—» FIGURE 3

Activation is MicAbody- and target-dependent.
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introduced the iNKG2D CAR construct into
our convertiblecCAR T cells through lentiviral
transduction, with highly efficient expression
of the CAR construct on the T cell surface
(on par with an scFv CAR).

Next, we turned our attention to the
MIC ligands and used a phage display-based
strategy to identify variants with very high
specificity and affinity for iNKG2D but
not wild-type NKG2D. Essentially, we cre-
ated a novel bio-orthogonal interaction.
These MIC ligands can be attached to a tu-
mor cell-targeting antibody to form a ‘Mi-
cAbody’ (Figure 2).

It is also possible to create a bivalent for-
mat, with two copies of the ligand on the
bispecific molecule, while maintaining selec-
tivity. Regardless of whether there is a heavy
chain or light chain fusion on the targeting
antibody we retain high binding to the iNK-
G2D (below picomole level) with no binding
to the wild-type NKG2D.

When tumor cells are co-cultured with
convertibleCAR T cells, the CAR T cells are
incapable of recognizing the tumor cells until

Cell & Gene Therapy Insights - ISSN: 2059-7800

the appropriate tumor-targeting MicAbody is
introduced, prompting cytokine release and
other measures of activity (Figure 3).

Multiplexing capabilities

Receptor saturation occurs at 5 nanomo-
les of MicAbody, with cytotoxicity seen at
concentrations as low as 30 picomoles. That
leaves a lot of space on the surface of the
convertibleCAR T cells to combine multi-
ple MicAbodies. An example can be seen in
Figure 4, where combining an equal molar
concentration of rituximab and trastuzum-
ab MicAbodies results in killing of both
CD20* and HER2* cells, at the same level as
when they were individually armed. In other
words, multiplexing does not compromise
activity.

In an animal model of B cell leukemia,
treatment with rituximab CD20 targeting
MicAbodies plus convertibleCAR T cells was
well tolerated and led to robust tumor con-
trol, and we hope to start our first clinical trial
in 2022.
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—» FIGURE 4

Dual arming of convertibleCAR T-cells.
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MANUFACTURING convertibleCAR
T CELLS

Carlos Yuraszeck

Figure 5 shows the process for producing con-
ventional CAR T cells versus convertibleCAR
T cells. Our process is similar to that of pro-
ducing conventional CAR T therapies, but
with the important additional step of adding
MicAbodies to arm the cells prior to harvest.
As with any complex cellular therapeutic
product, the priority is creating a consistent
manufacturing process — the more we can re-
duce the variability of manufacturing, the bet-
ter the end product will be. The challenges to
consistency include working with living cells,
which respond to their environment, and the
use of aseptic techniques, since sterilization is
not possible. An overview of our cell manufac-
turing process can be seen in Figure 6.

Why automate?

Compared with traditional pharmaceuticals,
the clinical development time for these cell
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therapies is much shorter, leaving very little
time for process development, or chemistry,
manufacturing, and controls (CMC). That
means that manufacturing decisions must
be made early, process translation must be
quick, and the system must be scalable from
Phase 1 trials to commercial manufacturing.
Time is of the essence and you dont want
to lose time changing the process between
trials.

An important factor for us as cell therapy
manufacturers is that moving biological mate-
rials across borders can be easily disrupted (as
highlighted by the impact of the COVID-19
pandemic), making centralized manufac-
turing very challenging. For that reason, we
believe a regional manufacturing model will
serve us best. However, a major challenge of
regional production is compatibility — prov-
ing that products manufactured at different
sites are the same. Automation can improve
confidence in this regard.

For Astellas, another consideration was
that we are working on a number of different
cell types, with different targets, and finding
a flexible solution that can be applied across




—» FIGURE 5

Producing conventional versus convertibleCAR T cells.

many different products would be highly ad-
vantageous for us.

Considering all these factors, we felt that
automation was the right choice for us, but
with a platform that also provides flexibility
to accommodate our various requirements.

Having decided to automate the process,
we set several criteria for selecting our pre-
ferred system. Our top five reasons were:

1. Good technical support in both process and

analytical development

2. Aclosed system, to reduce the potential for
contamination

3. A customizable, flexible platform

4. Product quality and yield within the
required range (>1 x 10° CAR* cells)

5. Clinical use experience

Applying those criteria, we opted to use
the Cocoon Platform from Lonza, due to its
flexibility and small footprint. Lonza brought
great depth and breadth of experience in

INNOVATOR INSIGHT

manufacturing T cells and autologous prod-
ucts, and the collaboration has been seamless.

With a closed, automated process in place,

we are confident that we will be able to de-
liver our convertibleCAR T cell therapies to
patients around the world.

AUTOMATING THE PROCESS
WITH COCOON

Joseph O’Connor

It quickly became clear that the biggest risk of
translating the process into Cocoon Platform
was the non-standard MicAbody unit opera-
tion. Therefore, this operation needed to be
assessed, optimized, added to the automated
protocol, and later tested.

The targets for successful process transla-

tion were:

Subject dose greater than 800 million CAR*
cells

Transduction efficiency greater than 50%
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Producing convertibleCAR T cells requires the additional step of adding MicAbodies to arm the cells.

Cell & Gene Therapy Insights - ISSN: 2059-7800

861



CELL & GENE THERAPY INSIGHTS

—» FIGURE 6

Manufacturing convertibleCAR T cells.
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The process begins with leukapheresis, followed by isolation of CD4 and CD8 T cells, transduction with a lentiviral vector, expansion, adding or
arming the NKG2D receptors with one or more MicAbodies, harvest, final formulation, and cryopreservation.

» Greater than 70% viability post-thaw In automating the MicAbody unit op-

eration, there were some special consider-
> Purity of over 95% CD3" cells ations. For one, MicAbody arming appears

to be temperature sensitive, so we used cold
»  Efficient wash-out, with less than 0.1 reagents. Everything was done at room tem-
perature and any heating elements were
turned off. Plus, to speed up the process,

the standard harvest protocol was modified.

nanomolar of MicAbody remaining
post-harvest

The automated protocol is outlined in Fig-

» More than 20% of receptors occupied by ure 7

the MicAbody, proving the efficacy of that We have now performe d four Cocoon

unit operation runs of the Xyphos process. Cell viability was

—» FIGURE 7

Manual (top) versus automated (bottom) process overview.
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—» FIGURE 8
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within the target range and cells from Co-
coon runs exhibited increased transduction
efficiency compared with manual runs (Fig-

We are still investigating the reasons be-
hind this increased transduction efficiency,
but we believe it may relate to the increased

ure 8).

—» FIGURE 9
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by the average MFI after MicAbody re-saturation (bottom).
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—» BOX1

and/or the ability to mix cells periodically
during transduction.

One of the most important assays is the
MicAbody receptor occupancy assay (Fig-
ure 9), which ensures we have an effective
therapy. The average MicAbody receptor
occupancy was over 50%, demonstrating

that the correct therapy is being manufac-
tured, and the addition of the MicAbody

incubation unit operation is working as
expected.

The concentration of non-bound MicAbody
was about 0.015 nanomolar, which passes the
acceptable criteria by almost an order of mag-
nitude and proves we have effective washing.

Overall, the data from the four Cocoon
runs (with two donors) was highly reproduc-
ible (Table 1) and met all the translation targets.

Enabling cell and gene therapies: from concept to patient.
Introducing The Cocoon Platform from Lonza
Joseph O’Connor

There is wide agreement among cell and gene therapy manufacturers that automation will play an important role in the future
of the field. Our survey of cell and gene therapy professionals suggests that the key considerations for implementing automated
manufacturing are:

» Flexible platform
Compatibility with existing process
Staffing

Equipment costs

vV v v Vv

Scalability

To address these needs, Lonza has developed The Cocoon Platform. The platform is flexible enough to be implemented during
preclinical R&D or later in the development lifecycle, and is fully customizable, allowing the end-user to create or modify their
processes. Our goal is for the Cocoon to serve as an end-to-end solution for cell therapy manufacturing. We didn’t want a sys-
tem that sacrificed flexibility by automating. It was critical that the system be flexible enough to use in the development of the
process, and then seamlessly transition into manufacturing using full automation. We also wanted to provide a system that could
expand as needed with minimal changes.

The Cocoon consists of three primary components.

1. The environmental unit, which has the ability to control the temperature in two zones - 37°C for culture and 4°C degrees for
reagents such as media. It also maintains gases.

2. Asingle-use disposable cassette, which is a closed system and can be tailored to any individual process. The flexibility of the
cassette makes it suitable for both suspension and adherent processes. A bidirectional peristaltic pump moves fluid through
the disposable cassette and integrated sensors measure pH, and dissolved oxygen, in real-time.

3. The software, which controls and monitors various process parameters. It allows the option for protocol design and controls
the fluidic pathways. Importantly, it is 21CFR part 11 compliant, providing product traceability and audit trails. Plus, the
software can generate fully customizable batch records for each individual process. The time savings generated by reducing
paper batch records should not be underestimated.

The Cocoon Platform has already been used for CAR T cells, engineered TCR T cells, dendritic cells, CD34 cells, mesenchymal
stem cells, and more.

Scale-out

As more autologous cell therapies are approved for larger patient groups, scaling up/out manufacturing will become a key chal-
lenge. To treat 10,000 patients per year, you would need to initiate 30 new patient processes per day on average, meaning you
have 330 patient processes running in parallel. Manual production at that scale would require around 1,700 full-time employees
- automation is needed to make scale-out feasible.

Some companies are investing large sums to create facilities that can manufacture 4,000 patient doses annually, but our
vision for autologous cell therapy manufacture involves moving to a much smaller footprint with the Cocoon Tree - an array of
units on a central vertical axis, with each individual Cocoon representing a separate process (Figure 1).

864
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—» TABLE1

Cocoon platform translation data summary.

Success Cocoon Run 1 Cocoon Run 2 Cocoon Run 3 Cocoon Run 4
criteria MOI = 0.5 MOl =1 MOI =15 MOI =1.5
45 lU/mL IL-2 45 |U/mL IL-2 100 IU/mL IL-2 100 IU/mL IL-2
Donor A Donor A Donor B Donor B
Subject dose >8 x 108 1.16 x 10° 1.00 x 10°? 1.09 x 10° 1.24 x 10°
(CD3*MicAbody*
cells)
% Transduction >50% 48.7 (control = 51 (control = 54.2 (control = 66.4 (control =
efficiency 10.7) 26.2) 29.5) 30.9)
% CD3" cells >95% 97.5 97.4 96.5 98.2
Concentration of <0.1 nM 0.048 0.002 0.000 0.009
non-bound MicAbody
(nM)
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Kaman Kim Carlos Joseph
Director of Research, Yuraszeck O’Connor
Xyphos Executive Director ~ Senior Scientist,
Biosciences -an  of GMP Operations, Personalized

Astellas company Astellas Institute Medicines Process

of Regenerative Development Team,
Medicine Lonza

Carlos Yuraszeck, Kaman Kim and Joseph O’Connor answer your questions about converti-

bleCAR T cells, cell manufacturing automation and the Coccoon Platform.

Q Does using a two-part system of mAbs and CAR T mean a more
difficult regulatory path, because now there are two drug products,
or is the final frozen cell product considered a single drug product?

CY: The strategy that we're pursuing, which has to be yet proven, is that this is a
single agent. It’s in two parts, but both the INKG2D receptor and MicAbody alone are inert.

Q What was the origin of the convertibleCAR T/MicAbody system?

Cell & Gene Therapy Insights - ISSN: 2059-7800 865
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KK: A lot of so-called switch or adaptor-based technologies raise concerns with
regards to immunogenicity. If you start with something as human as possible, that is less
likely to be an issue, so we reviewed a number of human receptor-ligand pairings, and focused
particularly on those with a lot of structure-function information in the immunology space.

NKG2D MIC ended being a perfect fit.

Can you pool different lots or batches of cells to reach a vield, and
is this acceptable to the regulatory bodies?

CY: In my personal experience, although not with this particular program, it’s
common to pool batches. As each lot of material meets your specifications, there’s nothing

in the regulations that says they can't be pooled and given as a single dose.

Can you retrieve in-process samples from the Cocoon to monitor
cells?

L] .
JO. Yes, you can sample cells or sample media.

Are there regulatory concerns with the Cocoon Tree having multiple
patients’ cells in the same space?

CY: | don’t think that’s a concern only with the Cocoon. The current standard ap-
proach is manufacturing multiple patients in the same space, so the issue goes beyond whether
you are automating or not automating.

I’m a big fan of the ISBT 128 standards, which help not only with the manufacturing but
also in moving products from the clinic and into manufacturing, then back to the clinic.

I¢’s likely that regulators will come on board to manufacture the same therapy with differ-
ent patients in a closed system like the Cocoon. What we generally hear from regulators is
that it’s the use of different vectors in the same suite that gives them pause. Lonza is working
on experiments to prove that this shouldn’t be a concern, but ultimately, we may need to

consider suite set up for manufacturing one therapy. Multiple suites for multiple therapies.
ls there published data using the Cocoon platform?

JO: Not yet. There are some white papers out, but we are actively working, myself includ-

ed, in giving some out this year.

How does harvesting cells work in the Cocoon system?
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JO: The cells are currently settled along the proliferation chamber so we can re-
move media without disturbing the cells. We add and remove buffer several times without
disturbing the cells. We then use the Cocoon to rock back and forth to resuspend the cells,

then collect the cells in an output bag. All the user really needs to do is press go, and then wait.
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