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LATEST ADVANCES IN CAR-T CELL
MANUFACTURE & CLINICAL
DEVELOPMENTS

INTERVIEW

Innovative technologies for
CAR-T manufacturing: the key to
commercialization

STANLEY KOWALSKI is Co-founder and CEO of FloDesign Sonics,
Inc. In this role, he is responsible for the direction and strategy of the compa-
ny. He is dedicated to commercializing FDS's acoustic platform into multiple
markets. His current market focus is life sciences where FDS’s patented 3D
force field provides delicate handling, selection and sorting of cells for both
scaling up and out. He boldly believes that their innovative cell handling en-
gine can enable the 4th pillar of medicine while significantly driving down
the costs of cell and gene therapy. This ultimately brings the manufacturing
closer to the patient. Stanley possesses an insatiable entrepreneurial drive.
He is Chairman of the board at FloDesign and founding CEO of FloDesign
Wind Turbine, FloDesign Water Turbine and FloDesign Sonics. Throughout
Mr. Kowalski's career, he has helped to engineer and deliver many products
to market, with a core focus on science-based, enabling technologies.

DANIELLA KRANJAC is a Co-Founder and General Partner at
Dynamk Capital, a venture capital fund investing in startup and growth
companies in life sciences tools, technologies and services. Dynamk’s mis-
sion is to help companies reach their full potential providing access to cap-
ital, strategy, business development and flawless commercial execution.
Daniella began her career as a Co-Founder of Wave Biotech LLC where
she drove the growth of a disruptive technology, leading the $30 million
group to a successful exit and acquisition by GE Healthcare in 2007. At GE,
Daniella held several business development & commercial leadership roles,
establishing a several hundred million dollar enterprise solutions business.
Daniella’s unique perspective on the global healthcare market is owed to
varied experiences in pharma, biologics and biosimilars, vaccines and cell
therapies as these markets have evolved in the United States, Europe,
Latin America, China and the Middle East.
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Q

The field of cell and gene therapy is experiencing
tremendous progress and continued investment. Do
you feel this excitement and optimism is warranted?

S K: We are currently at the intersection of societal needs and investments
flowing. I like to call this doing well by doing good. We have great data and
efficacious drugs. I often hear this field referred to as the fourth pillar of mod-
ern medicine and I truly believe that if Edison or Tesla were alive today, this
is what they would be working on. It’s a legacy to make a dent into curing
cancer and certainly something I feel passionate about being a part of. We
are very excited to have the money flowing into the development of these life

saving drugs and help bring them to the masses.

L]
D K. Investor confidence is clearly linked to some of the successes we've
seen more recently. In my experience, and in the industry, I believe that

what were seeing is something akin

-

“We see acoustics as a parallel to the
advent of the assembly line, by integrating

\ to the start of monoclonal antibod-
ies from the late 90s to early 2000s.

Looking at the adoption curve for

and stitching together processes in an cell and gene therapy, I think well
elegantly simple manner to improve see something very similar in the
quahty while |OV\/ering costs” long run for this sector. Consid-
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conference was covering 5 or 10

years ago to now. It’s changed dramatically in that time.
I do think the investment levels are warranted. I believe that what we're
seeing is not just for blood cancers, leukemia, and lymphomas, but ultimately
how these therapies can apply to solid tumors and other indications. Open-

ing up the field like this will really change things dramatically in our sector.

What do you see as the critical issues across the
commercialization pathway that need to be addressed
in order for cell and gene therapies to become that
fourth pillar of medicine?

L . . .
S K. The bottleneck is around manufacturing. We hear it at all the confer-
ences, and we hear it like the moon-shot cry. I believe it was Juno Therapeu-
tics that said that there was currently not a solution, so they must build it.

We see bottlenecks around concentrate wash, reagent speeds, cell sorting, and
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this manifests itself in cost. This is where we come in. We're excited about the
opportunity of seeing ourselves as the Henry Ford of cell and gene therapy:
manufacturing for the masses. We see acoustics as a parallel to the advent of
the assembly line, by integrating and stitching together processes in an ele-
gantly simple manner to improve quality, while lowering costs. For cell and
gene therapies the process itself is now the product, so innovation is needed
to improve the process. Currently, the tools being used are centrifuges and

filters, which are major hurdles within the manufacturing workflow.

Q What do you think has led to the current lag in
manufacturing?

D K: What we're seeing is a typical dynamic that broadly occurs in bi-
oprocessing. Once a discovery is made, there’s a tremendous push to estab-
lish the efficacy, safety, and viability of a given therapy. It’s also typical in
biopharma to think of manufacturing as secondary to making sure their
therapy is viable. What we're seeing are the limitations with the current
industry approach. A lot of technologies initially intended for other ap-
plications are being applied to CAR-T, and other cell and gene therapies.
However, these technologies may not be the most efficient, cost effective,
or productive because they were not purpose built for CAR-T cell therapy.

FloDesign has intentionally set out to create a technology, that will ad-
dress those pain points specifically in cell and gene therapy. We're finally see-
ing something that’s purpose built now, and are engaging in a lot of highly
productive industrial support through co-development projects. Within our

group, we have partnered with a very large biopharmaceutical leader.

SK: Closed and automated processes are absolute musts, but we do
need a paradigm shift in how we think about this. The current cast of
equipment available to cell and gene therapy manufacturers tends to be
somewhat forced onto them, and the technology is not as flexible as it
needs to be. The industry needs equipment that’s more modular and can
take on process steps independently, but also be able to integrate and con-

solidate into the entire process for overall savings.

Q Do you agree that integrating these methodologies
will create a step change for CAR-T, and cell and
gene therapies?
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S K: Yes, I do agree. The closed and automated system is certainly the
baseline of what’s necessary. This is said over and over within the industry.
However, we're focused on developing technology from the ground up. To
achieve this we are working closely with our customers. An example is our
co-development with a large biopharmaceutical company, we're the engi-
neers who can transition their science and processes into an industrialized

platform which will help them achieve their life saving goals.

DK: I think systems should ultimately be closed. When we think about
how biopharma and biotech go along their timelines for clinical development,

these timelines become tighter and

“We need a fundamentally different
technology to drive the solution, and then

tighter. Theyre required to produce
products and ensure that they’re being

manufactured at spec. What we're see-

build the automation and closed system ing is that our customers may lock in

N

around it” an initial open manufacturing process

/" for small indications, requiring only
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small volumes, and may not yet need
a streamlined process. The real opportunity for us and the industry is when
there is a need for higher volume indications, where customers want a process
that can be easily closed, reproduced, and scaled out. We also need to think
about broader markets and market access beyond the US. We could think of
these first indications as being practice before a big game. We're in it for the big

game, to ensure scalability from a customer’s point of view.

S K: There is a lot of focus on the manufacturing side to support com-
mercialization. All the vendors are focusing on the manufacturing tech-
nologies, closed system, and integration. But to me, the closed system and
automation is really a band aid. The solution is making inefficient processes
more efficient. As an example, in bioprocess analysis with monoclonal an-
tibodies, the traditional process was to use stainless steel with little automa-
tion. The solution there wasn’t just to automate because there are inherent
issues with bioprocess in stainless steel. The real solution was the game
changer of going to single use systems. I think that’s the analogy here. We
need a fundamentally different technology to drive the solution, and then

build the automation and closed system around it.

When do you consider speaking with clients about
updating the manufacturing process of their product?
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DK: The industry is starting to think about this earlier and earlier.
While there can be a lot of kludging of processes at the early stage, there
is a recognition that the sooner you get that tied down, the more robust
and readily transferred your process is. Then you can start to think about
the manufacturing value chain, integrating all the different steps. When we
look at the steps in discrete unit operations, interconnecting them is ulti-
mately going to yield a closed, integrated system with automation, and pro-
cess robustness. But, when a technology is fundamentally different from
what’s currently being used, such as acoustic cell processing, it’s best to start
with that technology from the beginning of process development. Prior
technologies might work OK, but OK is not going to get us to a reality
where these life-saving therapies are accessible broadly in global markets.
We feel acoustic handling as a platform technology is well suited and tai-

lored to these needs for immunotherapy cell processing.

S K: It’s critical that we work very closely with our clients and those
in the industry. Right now is a very interesting time — when you go to
conferences, there is a lot of side conversation and intermingling of all
the players in CAR-T and cell and gene therapy talking to each other and
sharing stories and challenges. There’s a lot of communication within the
industry. That tells me that there’s unmet needs and challenges that people
are trying to tackle. That’s where the partnership of vendors working very
closely with the end users to solve these problems is very important and
why, in addition to all the product focus we have, were also focused on

co-developments.

Q Could you elaborate on the specifics of the acoustic
cell processing technology that you're developing?

S K: FloDesign uses acoustophoresis principles to manipulate particles,
in this case cells, in a fluid suspension. An emitter in our system generates
ultrasonic waves across a completely closed flow cell where fluid and parti-
cles are passing. These waves are bounced back by a reflector on the oppo-
site side of the flow cell, standing waves are created. An acoustic potential
field is created which exerts gentle forces on the particles. Parameters such
as the wave length and wave angle along with material parameters such as
density, compressibility and buoyancy are balanced in a way to suspend
certain particles and allow others to drop out. The end result is a non-inva-

sive selection process, occurring in a closed system operating continuously.
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We created this technology out of academic research here in Western
Massachusetts at Western New England University. We've been around
since 2010 and currently employ 33 people in the company now. We see
the real opportunities in acoustic cell processing, is around cost saving — by
potentially eliminating the reagents and beads normally required for cell
separations. We understand that this is one of the most expensive steps.
Another expensive step in the process is around viral vector usage, both in
the fabrication side and the usage in transduction steps. These are the two
areas we are focused on. These are areas where our customers are seeing
improvements.

Typically, reagents use magnetic separation which are very expensive to
manufacture. We've developed a biocompatible bead that could be sorted
using acoustic technology. It can even be multiplexed so that we can differ-
entiate between different cell types within the same batch. This is where we
see some cost savings and relief from a big pain point.

The other area of improvement is around the use of viral vectors in the
transduction steps. We are using acoustics to bring the cell and vector to-
gether. It’s like creating a bunch of tiny planets where the viral vectors are the
atmosphere and the cells are the planets. Driving the virus and cells together
can allow us to reduce the amount of viral vector used. Our early data shows
a significant reduction in the amount of viral vector required for the same
multiplicity of infection. Ultimately, we're working dilligently towards cost
reduction, which we hear over and over as a need for the industry. Bead man-
ufacturing, multiplexing, dissolvable beads for both positive and negative se-

lection and the transduction step are what we are working on to reduce costs.

o . .

D K. There is a lot of interest from customers around concentrate wash

and the upfront cell selection. We're getting engaged in a lot of areas based

on individual efforts by biopharma. They are asking FloDesign to look at

either specific steps within the process, or into integrating some of those
. . b .

steps together through acoustic cell processing. We're very excited to see

how this will evolve into a step change for cell and gene therapy.

Cell separation is acknowledged by the industry to be
one of the key challenges in CAR-T cell manufacture.
Howcan we overcome this challenge to enable truly
commercial-scale manufacture?

SK: The key here is working together. This is where those co-develop-

ments become so very important. Bringing engineers into the lab is working
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well. The only way we're going to

“We believe that acoustic cell processing solve this and bring it to the masses
will dramatically minimize the capital is by driving that cost down. I think
investment as well as the operation to the acoustic solution that were pro-

simplify the cell separation stage.”

viding for cell separation is a new
g p

engine. It’s an alternative that seam-

N

lessly stitches together and brings us
towards our dream of an end to end solution. I think it’s a great opportunity,
as | mentioned early on. Working together with pharmaceutical companies
and bringing our solutions, I think were seeing a renaissance in medicine,

and I couldn’t be more excited to be part of it.

DK: What we see in the space of specifically autologous cell therapy,
there’s an inherent issue of a per patient process requirement. So when youre
talking about enabling commercial scale autologous cell therapies, this is a
major stumbling block. I think there’s going to be more work done, partic-
ularly in the upfront cell selection. We believe that acoustic cell processing
will dramatically minimize the capital investment as well as the operation to
simplify the cell separation stage. This will essentially enable broader use of
autologous cell therapies, because right now it’s clearly not scalable. We see,
from industry conferences, that there is a consistent message around scaling

out manufacturing to make the use of these therapies accessible.

What are some of the unique challenges in bringing a
new technology to the cell and gene therapy sector?

D K: I've been in the industry for close to 20 years. What we see in
the industry is that our customers are keenly aware and concerned about
the major limitations of current processes. As we mentioned before, it’s
a significant pain point. It absolutely has the attention of executive
leadership, at almost all the top and up and coming players. That says a
lot. For manufacturing to have that attention is not typical in our space.
I believe what really concerns them is lack of ability to provide access
to patients after finding that a therapy is successful. Ultimately, this is
about patient outcomes, and making sure we can make this accessible.

Clearly, this field is very conservative minded with many scientists and
engineers. Sometimes we like to see a lot of data before these technologies
are implemented. I think FloDesign is doing a great job of producing data,
providing the concept, and ultimately scaling that technology. I also know

that there is time required to get those early adopters really moving on
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the technology. I think this harkens
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the technologies and employing them and launching some other prod-
in Operaﬁon& it's a key hppmg po]nt for ucts. It takes a couple of years to get
acceptaﬂce of the teChﬂOlOgy” that early adoption, but once you
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technologies and employing them
in operations, it's a key tipping point for acceptance of the technology.
We're lucky to count on a few mavericks in the industry that are employing
the technology in various steps and you’ll see more data as the year goes on

from FloDesign.

S K: One of the challenges to bringing new technology into the space,
is that there tends to be a very different set of requirements from customer
to customer. The process and patient material is often times very differ-
ent. We're focused now, as was mentioned earlier, around the concentrate
wash step, which is a very important part of the process, and ubiquitous
throughout very many process steps. That’s our first entry into this space.
We do have units we'll be placing in 2018 and gathering some data with
our early adopters. We'll then be moving into the reagents, which is the
acoustically cell sorted affinity line. Then into transfection and transduc-
tion enhancement then expansion. Then we stitch together these process

steps all towards our end-to-end vision.
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FloDesign Sonics utilizes acoustic wave technology to address
challenges in CAR T manufacturing. Our goal Is to help drive down
costs, improve quality and enable the industrialization of cell
therapies. This gentle, non-invasive platform creates a closed
system which is scalable from research through GMP
manufacturing. Applications include affinity separation,
concentration, and washing steps.
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