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LATEST ADVANCES IN
CAR-T CELL MANUFACTURE
& CLINICAL DEVELOPMENTS

INTERVIEW

Driving CAR-T Manufacture
Optimization through Technology

Innovation

PHILIP H COELHO Founder and Chief Technology Officer (CTO) of
ThermoGenesis Corp., the device Division of Cesca Therapeutics is an engi-
neer/inventor, educated at the University of California, Davis, where he spe-
cialized in thermodynamics and machine design. He has been awarded more
than 40 US patents related to cell selection, cell cryopreservation, cell wash-
ing, automated cryogenic freezing and storage of cells and harvesting clot-
ting proteins from blood. As Founder, Chairman and CEO of ThermoGenesis
Corp., Mr. Coelho developed the Thermoline ultra rapid blood plasma freez-
ers and thawers, the CryoSeal automated system for preparing fibrin seal-
ant from a surgical patient’s blood, the BioArchive® robotic system for con-
trolled-rate freezing and cryogenically archiving units of hematopoietic stem
and progenitor cells derived from placental/cord blood and the AutoXpress

System, which automates harvesting of HSPCs from cord blood into a 25 ml
dual-compartment freezing bag. The BioArchive and AutoXpress Systems
have established the highest quality GMP standards in cord blood process-
ing and banking worldwide. Over the last 9 years, Mr. Coelho, and an excel-
lent team of engineers and cell biologists, began developing next-genera-
tion, GMP compliant, programmable systems that improve the speed and
efficiency of the isolation, capture and purification of stem, progenitor and
immune cells residing within peripheral or placental/cord blood, bone mar-
row aspirate and leukapheresis. These research projects evolved into the
CAR-TXpress™ platform, a semi-automated method of manufacturing ther-
apeutic doses of CAR-T cells in a functionally closed cell processing system.

Q In general, which parts of the CAR-T manufacturing
process can be automated or semi-automated?

PHC: Critical parts of the CAR-T cell manufacturing pro-
cess can be automated now and there is an urgency for the in-

dustry to proceed. It is important to note that approximately 5 x 10°
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T cells are typically harvested in a single leukapheresis from a healthy
donor. This number is dramatically greater than the number of geneti-
cally modified T- cells actually infused into patients. (Novartis’s Kymri-
ah™: 0.2 to 5.0 x 10° per kg and Kite’s Yescarta™: 2 x 10° per kg). Even
more disturbing, the low numbers of infused cells follow cell expansion
periods of a week or more, which highlights the tremendous losses of
T cells that routinely occur within the current manual manufacturing
processes.

Losses of critical cells occur throughout the manufacturing process, but
perhaps the most punishing losses occur in the first stage, obtaining a pu-
rified MNC fraction from the patient’s collected blood cells so that effi-
cient isolation of T lymphocytes can take place. We have been informed
by laboratory personnel routinely manufacturing CAR-T cells that current
manual methods can result in losses of 50 to 90% of the target cells, so

pursuing automation for this step is

“...every T-cell retained in these initial

extremely important.

Successful automation must mini-

prOceSSing Steps will not have to be mize the loss of MNCs while deplet-
replicated through expensive and time- ing platelets, red cells, granulocytes

consuming cell expansion.”

and blasts and washing of DMSO

(from previously frozen units) to

318

N

provide the purified mononuclear
cell fraction for efficient antibody selection of the T-cells. Successful auto-
mation must also overcome the significant complications that result from the
several ways in which these patient cells are received at the manufacturing
facility: (peripheral blood or leukapheresis, fresh or frozen)

The next step of the CAR-T manufacturing process requiring automation
is the selection of T lymphocytes from the MNCs. An automated selection
step must obtain a pure fraction of T cells in order to maximize efficiency
of downstream processes. Residual monocytes remaining in the T lympho-
cyte fraction after antibody selection can lower transduction efficiency and
subsequent expansion of T cells. Further, if the presence of monocytes is
significant, as it often is after conventional magnetic bead-based selection
of T-cells, manual methods of trying to deplete those monocytes lead to
unavoidable further losses of target T cells.

Once the pure T-cell fraction is obtained, successful automation of
activation must overcome additional complications. For example, some
magnetic bead products used for activation are themselves a problem suf-
ficient that the FDA requires the clinician to count them in (typically
more beads than the number of cells to be activated) and then, count
them out after multiple washing steps. Understandably, the FDA does
not want those cell-sized beads remaining in a product that will be trans-

fused into the patient.
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What advice would you give to companies considering
incorporation of automation, and when ideally should
they be looking to expect a return on investment?

PHC: If widgets were what was being manufactured, then a
simple return on investment (ROI) analysis would suffice. But we are
not making widgets, we're trying to assemble a sufficient number of viable,
genetically modified T-cells to save a life, so patient survival dominates the
calculation. However, it is useful to acknowledge the manufacturing mod-
el provided by Silicon Valley: as chip manufacturers upgrade the automa-
tion of new chip designs to obtain greater numbers, costs drop and quality
improves.

Even though sick patients provide starting cell populations that are
greatly variable in number and quality, a complication not faced by chip
manufacturers, automated devices in this field will still provide the desired
cost reductions as long as every automation step adopted not only reduces
time to manufacture but also achieves improvements in cell recovery or
viability or purity and/or consistency.

At this time, we are unable to simply place a collection of cells from a
patient in one end of an automated system and, shortly thereafter, have a
transfusion ready CAR-T cell product come out the other end. But, sys-
tematically introducing modular automation into the manufacturing pro-
cess as soon as practical will streamline the process now and make the final

transition to a fully automated process more realizable later.

Q What kind of performance can be expected from the
CAR-TXpress system compared to non-automated
manufacturing methods?

PHC: We believe our automated modules, when compared
to legacy manual systems, will provide performance gains in puri-
fying MNCs, washing contaminants from cell fractions, antibody
selection and activation of T-cells while significantly shortening
processing times.

The literature is clear that isolation of clinically relevant numbers of
MNC:s from peripheral blood, with Ficoll, results in losses >30% of target
MNGC:s and requires ~4 hours. Our X-LAB™ automated, closed system
provides consistent MNC recoveries >90% and depletion of red blood

cells, granulocytes and platelets in approximately 30 minutes.
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Again, the literature is clear that conventional manual, or 1st Gen. me-
chanical, methods of washing thawed leukopaks, results in losses of >30%
of the T-cells. In contrast, the X-WASH™ automated system routinely pro-
vides >99 % depletion of DMSO with losses of < 10% of the T-cells.

Similarly, our X-BACS™ buoyancy-activated cell selection and activation
technology provides T-cell recoveries >85%, which is typically 10-15%
greater than the levels obtained through traditional magnetic beads.

At the downstream expansion step, our experiments to date document
that bubble-activated cells are consistently activated and expand as well or,
more often, better than T cells isolated from the same starting material by
conventional magnetic bead technologies.

At a minimum, we expect our modular, automated technologies will
provide at least a 10-20% more efficient process at every manufacturing
step than the existing manual processes used right now.

At this stage, our data is largely based on healthy donor cells but we

-

N

anticipate being able to derive new

‘At a minimum, we expect our modular, comparative data from ‘real world’
automated technologies will provide at | Patent samples in the near fucure.
least a 10-20% more efficient process I.t ls.°fcourse challenging to obtain
o significant numbers of cells from

at every step than the existing manual sick patients with which to test a
processes used right now.” new technology. The priority for

N

320

J these often incredibly sick patients
is to obtain as many viable cells as possible for their CAR-T treatment
and not for research purposes. However, we are working with organisations
that, periodically, have access to ‘excess” frozen patient cells — circumstanc-
es in which sadly the patient may have passed away before the cells were
processed, or on the rare occasion that the patient provides an excess of
cells. Given these cells are frozen and from sick patients, we will be able to
test our technology on some of the ‘worst, but realistic, conditions over
the next few months and we are hopeful the performance tracks the perfor-

mance with cells from healthy donors.

Is the platform scalable and does it require extensive
customisation?

PHC: The CAR-TXpress platform products are scalable, and
do not require extensive customisation. In fact we've designed each
module (X-LAB, X-WASH or X-BACS) to require only programming
of the control modules. For example, if purified MNCs are desired, the
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control module program will vary depending on whether your starting
material is leukapheresis or peripheral blood. But once the control mod-
ules are programmed, the CAR-TXpress systems should repeat the process
consistently.

As a test of scalability, we set up a competition at a local GMP cell
processing laboratory to obtain activated T cells from a unit of peripheral
blood. The blood was divided into two equal samples and one compe-
tent laboratory person, performing conventional manual processes with
Ficoll and magnetic beads to isolate and activate T-cells began working
while an equally competent laboratory person, starting at the same time,
utilized the X-LAB and X-BACS to accomplish the same goals. The 2nd
laboratory person, using the CAR-TXpress sytems, had purified the MNCs
and selected and activated the CD3+ cells before the Ist lab person, using
conventional means, had even completed the Ficoll purification of their
MNCs.

We've designed the CAR-TXpress system to be modular, which in it-
self helps companies with cost eflicient scaling, because a single, expensive
“swiss army knife” type of device is not tied up weeks. With a modular
platform, you can design your workflow to be as efficient as possible.

Further, if significantly fewer T lymphocytes are lost during the MNC
purification, selection and activation steps, then it might be possible, at the
completion of transduction, to simply wash those genetically modified cells
and transfuse them into the patient, letting expansion occur in the patient.
That strategy, if proven clinically, would drastically reduce the elapsed time
from receiving the source cells from the patient to clinically administering
the gene modified CAR-T cells back to the patient.

Q The CAR-TXpress system does not use Ficoll or
magnetic beads for isolation and selection. What was
the rationale for removing these methods?

PH C: Ficoll density separation of cells is a forty years-old,
time consuming, manual and inefficient process to purify MNCs
from peripheral blood or leukapheresis. Performing it is a rite of pas-
sage for all laboratory technicians. Your readers will all be aware of its’
many shortcomings. Most consequential, for patients requiring CAR-T
cell therapy, are the typical losses of 30 to 60% of the target MNC:s in this
first step of the manufacturing process. These lost MNCs, ~50% of which
are T lymphocytes, are never recovered and patients requiring CAR-T cell

therapy can ill afford their loss.
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The magnetic beads used for antibody separation of T lymphocytes from
the MNC:s have been used for around 25 years and have been an invaluable
tool; however, challenges arise when you consider relying on them for scal-
ing-out the manufacture of cell therapies to meet the demand of the large
patient populations in need as they exhibit low throughput and poor cell
recovery and purity. And, as previously mentioned, some magnetic bead
products used for activation are themselves a problem sufficient that the
FDA requires the clinician to count them in (typically more beads than the
number of cells to be activated) and then, count them out after multiple
washing steps.

In contrast, our lipid shell microbubbles simply outgas after cell selec-
tion and activation occurs. Any benign residue left is automatically re-
moved during subsequent washing steps required after transduction and/

or expansion.

Can you describe how BACS works, and how it
compares to other cell separation methodologies?

PHC: Our buoyancy activated technology utilizes lipid shell,
streptavidin coated bubbles, 2-3 micrometers in diameter in com-
bination with biotinylated antibodies to select, or activate, or simul-
taneously select and activate, target cells, such as T lymphocytes.

In general, microbubbles are very well understood by the FDA, because
they are FDA approved and routinely used for diagnostic imaging. They are
directly transfused into the vasculature of the patient, distribute through-
out the body and, at any given site, the right ultrasonic signal will cause
them to implode inside the body, thereby broadcasting a signal that pro-
vides an image of the nearby tissue, so that the clinician can non-invasively
“see” this tissue.

Conventional cell selection technology utilizes magnetic beads coated
with antibodies to attach to surface antigens on the target cells and then
passages the cells past a magnetic field to trap the target cells and allow the
non-target cells to pass. With this technology, both the target and non-tar-
get cells flow downward through the very narrow space required to achieve
a uniform magnetic field. The non-target cells, unattached to magnetic
beads, are expected to continue down through this tight space and into a
container to be removed; however, the intermingling of target and non-tar-
get cells concentrated together as they passage this narrow space is one of
the limitations of this process as non-target cells can be trapped by the tar-

get cells, thereby reducing the purity of the final product, often requiring
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an additional step to remove the contaminating monocytes before trans-
duction and expansion of the T cells.

In contrast, CAR-TXpress technology bubble/antibody complexes bind
to the target cells and alter their collective density so they now gently rise
under centrifugation in the opposite direction of the descending non-target
cells (Figure 1).

Further, our platform automates this process by utilizing a special cylin-
drical cartridge with a conical processing chamber in which, during cen-
trifugation, the target cells attached to the microbubbles gently rise to the
top surface of the plasma, recovering > 85% of the T cells while depleting
>99% of the monocytes.

This is important because every T-cell retained in these initial processing
steps will not have to be replicated through expensive and time-consuming
cell expansion. Equally important, if activation of the T cells is also desired,

this can be accomplished during the selection process with the X-BACS

—» FIGURE 1
How X-BACS works.
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—» FIGURE 2
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technology, by linking both CD3+ and CD28+ antibodies to the micro-
bubbles (Figure 2).

We believe the X-BACS cell separation and activation technology has
distinct advantages over conventional magnetic bead technology, one of
which is that lipid shell microbubbles simply outgas in a few hours and do
not need to be counted in or counted out.

We believe CAR-TXpress is a breakthrough technology that has the po-
tential to streamline the manufacturing process and we're looking forward

to moving this forward with our partners.

Q Are there any regulatory hurdles that may be

encountered should a therapeutic company looks to
incorporate the BACs process and technology into
their manufacturing workflow?

PH C: In every country, of course, there are regulatory hurdles
to overcome but they are not insurmountable and the best ap-
proach is to establish a Master File. For example, ThermoGenesis will
maintain a Device Master File that is focussed on the X-LAB, X-WASH
and X-BACS processing cartridges, within which MNC purification and
target cell selection and activation occurs. This Master File will contain all
the relevant information that the FDA will need to allow a Principal Inves-
tigator to include these systems in an IND.

The X-BACS reagent kits will also be supported by a Master File with all

the relevant information on the antibodies, buffers and microbubbles that
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the FDA will need to allow a Principal Investigator to include the reagent
kit in an IND.

These Masterfiles will also provide information on any residual mate-
rials from the X-BACS reagents that remain in the product at the time
these cells are introduced to the patient. The microbubbles are manufac-
tured solely from benign material that nevertheless should be reduced in
the course of subsequent processing (transduction, washing, expansion and
more washing). We expect these Master Files will be available to principle

investigators by early 2019.

Q There'’s a lot of people talking about high risk if you

only have single source of your materials. What sort
of steps do you think a manufacturer should take to
try and mitigate risks around these?

PHC: First it should be understood that our products will
be an addition to all the existing means of performing these cell
processing steps, surely a comforting thought to potential users.
Further, ThermoGenesis has more than 30 years-experience manufacturing
medical cell processing devices which are re-usable multiple thousands of
times. So, there will be no need for, so no burden to manufacture, large
numbers of these electro-mechanical devices.

More important, the supply of single-use cartridges and single-use re-
agent kits used with our electro-mechanical devices will be reliably available
as we are establishing long-term supply agreements with very large and rep-
utable vendors who make the cartridges and reagents under our direction

and have disaster and risk mitigation plans within the organisation.
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Philip Coehlo, Founder and Chief Technology Officer of ThermoGenesis
Corp., the device Division of Cesca Therapeutics.
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