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OPTIMISING THE CAR T CELL
MANUFACTURING WORKFLOW
FROM END TO END

INTERVIEW

Optimizing cell-based product
consistency through automation

NADINE MOCKEL-TENBRINCK joined Miltenyi Biotec GmbH in
2009 after graduating as engineer of Chemistry and Biotechnology. As Team
Coordinator and Project Manager in the Inmunotherapy & Gene Engineering
Team (lead by Dr Andrew Kaiser) of the Research & Development depart-
ment she focused on developing tools and technologies on the CliniMACS
Prodigy for clinical applications used for adoptive T cell therapy.
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Q Can you give us some background in terms of your
role in developing the CliniIMACS Prodigy T Cell
Transduction process - firstly, what does this process

entail, specifically?

N MT: | joined Miltenyi Biotec in 2009 after graduating as an
engineer in chemistry and biotechnology. As a project manager and

team coordinator in the immunotherapy and gene engineering R&D team,

I focused on developing tools and technologies for clinical applications of

adaptive T-cell therapy.

The main focus for my team and I is the development of methods and

reagents for the translation of state-of-the-art techniques, enabling the au-

tomated production of gene-modified T cells by the CliniMACS Prodigy.

In addition, we are also involved in the development of GMP-grade

and CE-certified reagents, which enable T-cell selection, stimulation and

cultivation.
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interest during the cell transduction
and expansion steps.”
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Turning to the CliniMACS
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iMACS Prodigy for the automated
production of engineered T cells,
such as CAR T cells. The process

J selects cells before they are activat-
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ed with an activation agent called T
Cell TransAct™, which was specifically designed for use with the Prodigy.

T Cell TransAct™ is a nanomatrix conjugated to recombinant human-
ized CD3 and CD28 agonists. Its small size allows for it to be sterile filtrat-
ed and also helps with ease of removal, which is done by diluting the cell
culture and removing excess media. This means there is no need for any
further use of harsh dissociation reagents.

Viral vector is then added to the activated cells in the system and the
transduced cells are allowed to expand until the operator reaches the de-
sired number of cells.

This application essentially allows you to automatically manufacture
CARTT cells in a sterile closed system. If you consider even a simple man-
ual task, such as using a pipette to replace media, that pipette usage will
probably be different for each individual. Automation is important as it
reduces this variability and the chances of human error. Additionally, the
closed system prevents sample contamination and ensures the operator is

kept safe at all times.

What does your R&D role involve on an ongoing
basis? Can you share details on how Miltenyi is
looking to continue improving this process?

N MT: We at Miltenyi already provide the only functionally
closed system device for the manufacturing of CAR T cells that
follows the complete process of cell selection, activation, trans-
duction and expansion.

We are now looking to expand this capability by creating a process that
can expand a larger number of cells. This means we need to adjust the Clin-
iMACS Prodigy application, the number of cells we start to process with,
the amount of T Cell TransAct™, the amount of virus — almost everything
needs to be adjusted.

Initially, we started the T-cell transduction process with culture media
containing serum. Due to the complexities associated with using serum, we
further developed the T-cell transduction process to be serum-free during

expansion, with no impact on cell numbers, viability and functionality.
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And finally, to maintain the high usability and safety of our CliniMACS
Prodigy system, we strive to provide the best solutions that meet the cus-
tomer needs. One example of this is improving the functionality and us-
ability of the CliniMACS Prodigy tubing set, which is used in CAR T cell
therapy manufacture. The tubing set is a critical part of the system. It’s a
preassembled, single use consumable comprised of all bags, tubes, enrich-
ment column and centrifugation/cultivation chamber. But even a seeming-
ly small improvement, such as including an additional waste bag, can have
an impact — in that particular example, by ensuring the operator does not

need to do this manually.

Q What are the key variables that can impact the cell
transduction process?

N MT: Transduction can be highly variable within any man-
ufacturing process, especially when it is conducted manually. We
have little control over the transduction efficiency as it usually depends on
a few factors. However, there are certain considerations that can make a
difference.

For instance, starting with selected CD4-CD8 T cells greatly reduces
differences in starting material. Another factor is the concentration and
titer of the vector. Avoiding a poorly concentrated viral vector — thereby
avoiding adding large volumes to your cell culture — can increase transduc-
tion efficiency.

An additional factor is the state of T-cell activation, meaning one can
increase transduction efficiency by identifying the optimal time point for
transducing the T cells after activation.

In general, the vector construct has an impact, too — the addition of sin-
gle amino acids can affect the transduction efficiency, for example.

And last but not least, contamination of other immune cells can influ-
ence the efficacy of viral gene modification. Others and I have found and
published the impact monocytes have: the lower the monocyte contamina-

tion, the higher the transduction efficiency.

Q What for you are the major considerations when
trying to improve consistency of a cell-based product?

N MT: It used to be a commonly held belief that automation
of manufacture of a cell product would not be possible due to the
biological differences, patient-to-patient. For example, the starting

blood material from cancer patients is heterogeneous. In my experience,
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I've seen different compositions of

“The quality of the final cell product h immune cells even with patients
can depend greatly on the quality of | with the same disease. These com-
the reagents and material used during
the manufacturing process.” donor.

positions are usually not near the

normal range seen in a healthy

J However, performing a cell en-

N

richment will increase the number
of cells of interest during the cell transduction and expansion steps. And
as we discussed earlier with the pipetting example, automation does re-
duce human error. Automation is extremely important for creating ro-
bust and consistent cell-based products and minimizing the number of
failed production runs. It’s best to consider implementing automation as
early as possible to ensure you do not get locked into a complex, manual

production process.

What is current thinking and the state-of-the art in
automation of cell transduction processes, and what
do you expect to see in terms of future evolution in
this area?

N MT: There are currently several different devices that assist
and perform steps for manufacturing of cell products. Generally,
we can categorize these devices as being either fully automated, or a more
modular system to complete the manufacturing process.

We at Miltenyi believe that the fully automated approach is more ben-
eficial for complex manufacturing. Right now, the CliniMACS Prodigy
can fully automate the production of up to 5 billion cells using the T-cell
transduction process.

Formulation and preparing the dose is a complicated process for many
people. We are looking to solve this problem by creating another device
and some software for the CliniMACS Prodigy to automatically formulate
the final cell product while in this closed system.

To support this application, we are developing a formulation unit
and new Prodigy software — solutions suitable for formulation and
cryopreservation.

Viral transduction methods are now widely accepted in the community
as a method of delivering genetic content. Still, many people do like to use
electroporation for gene delivery. We're also working on an electropora-
tor that can be used with the CliniMACS Prodigy while maintaining the
closed system. This will be another first for the field.
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Can you describe the reagents that are currently
available (e.g., T-cell selection reagents at the start
of the process) and discuss their pros and cons in
application?

N MT: If we consider both the selection and activation steps
in the CAR T cell manufacturing process, there are many different
products available. If you are using research-grade products, it’s import-
ant to consider those that can be translated and used for GMP production
at a later time point.

Starting with selection, magnetic beads conjugated to antibodies are
commonly used for isolating immune cell populations. In the case of CART
manufacturing, you would obviously use reagents for isolating T cells.

Moving on to activation, there are bead-based methods that are well
established in the field. These magnetic beads are commonly conjugated to
CD3 and CD28 monoclonal antibodies. This means the use of a magnet is
required for the removal of the activation beads, of course.

This leads us to the development of T Cell TransAct™ for activating T
cells. This product is designed to be used for the manufacturing of engi-
neered T-cell products such as CAR and TCR modified T cells. TransAct™
is used by the Prodigy T cell transduction process but also by many other
non-Prodigy customers, who appreciate its ease of use in both automated
and manual manufacturing processes.

CD3 and CD28 pure antibodies are also used for the activation of T
cells. These are relatively easy to use, but as with all raw materials in any
GMP manufacturing process, you need to be able to demonstrate the effec-
tive removal of the reagent.

And finally, in process control and quality control is important for
GMP manufacturing. Flow cytometry is one of the key tools used to an-
alyze cell products. I would advocate using a suitable flow cytometer in a
combination with suitable fluorochrome conjugated antibodies for char-
acterizing cells. Selecting the best antibodies for cell analysis comes down
to traditional monoclonal antibodies versus recombinant engineered an-
tibodies. Recombinant engineered antibodies have recently been shown
to be more stable over time and can be engineered to improve the staining

profile.

Why is it so important to maintain high quality of
reagents?
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N MT: The quality of the final cell product can depend greatly
on the quality of the reagents and material used during the manu-
facturing process.

For example, sourcing recombinant cytokines with high purity is im-
portant for the consistency and safety of the final cell product. Equally, the
use of media that is animal- and human-derived component-free is also
important with regard to consistency and safety as this will affect the overall

performance of the product.
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CliniMACS Prodigy®
T Cell Transduction Process

A leap towards commercial-scale CAR T cell manufacture

« Automated process optimized « Entire workflow in a closed
for CAR T cell manufacturing single-use tubing set

» GMP-compliant ancillary /raw « Highly reproducible results through
materials for cell manufacture a verified and robust process

» miltenyibiotec.com/tct
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Miltenyi Biotec provides products and services worldwide. Visit www.miltenyibiotec.com/local to find your nearest Miltenyi Biotec contact.

Unless otherwise specifically indicated, Miltenyi Biotec products and services are for research use only and not for therapeutic or diagnostic use. MACS® GMP
Products are for research use and ex vivo cell culture processing only, and are not intended for human in vivo applications. For regulatory status in the USA,

please contact your local representative. MACS GMP Products are manufactured and tested under a quality system certified to ISO 13485 and are in compliance
with relevant GMP guidelines. They are designed following the recommendations of USP <1043> on ancillary materials. The CliniMACS® System components,
including Reagents, Tubing Sets, Instruments, and PBS/EDTA Buffer, are designed, manufactured and tested under a quality system certified to SO 13485.

In the EU, the CliniMACS System components are available as CE-marked medical devices for their respective intended use, unless otherwise stated. The CliniMACS
Reagents and Biotin Conjugates are intended for in vitro use only and are not designated for therapeutic use or direct infusion into patients. The CliniMACS
Reagents in combination with the CliniMACS System are intended to separate human cells. Miltenyi Biotec as the manufacturer of the CliniMACS System does not
give any recommendations regarding the use of separated cells for therapeutic purposes and does not make any claims regarding a clinical benefit. For the
manufacturing and use of target cells in humans the national legislation and regulations - e.g. for the EU the Directive 2004/23/EC (“human tissues and cells”),

or the Directive 2002/98/EC (“human blood and blood components”) - must be followed. Thus, any clinical application of the target cells is exclusively within the
responsibility of the user of a CliniMACS System.

In the US, the CliniMACS CD34 Reagent System, including the CliniMACS Plus Instrument, CliniMACS CD34 Reagent, CliniMACS Tubing Sets TS and LS, and the
CliniMACS PBS/EDTA Buffer, is FDA approved; all other products of the CliniMACS Product Line are available for use only under an approved Investigational New
Drug (IND) application or Investigational Device Exemption (IDE). CliniMACS MicroBeads are for research use only and not for human therapeutic or diagnostic use.
In the US, the CliniMACS Prodigy® T Cell Transduction Process is available for research use only.

CliniMACS, CliniMACS Prodigy, MACS, and the MACS logo are registered trademarks or trademarks of Miltenyi Biotec GmbH and/or its affiliates in various countries
worldwide. Copyright © 2019 Miltenyi Biotec GmbH and/or its affiliates. All rights reserved.





