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cGMP manufacturing made
easy: a case study by ElevateBio

Michael Paglia & Shannon Eaker

The genetic revolution in medicine is set to fundamentally change the world over the next
century. But while being at the forefront of developing advanced therapies is certainly excit-
ing, it is not without challenges. Innovators are working to develop cell and gene therapies
at a rapid pace - but it is critical that these products are developed not only quickly, but also
correctly, the first time. In this article, we present a case study detailing ElevateBio's work,
in collaboration with Cytiva, to foster innovation and accelerate capabilities in cell and gene
therapy through training, robust and reliable scale-up manufacturing, and capturing and le-

veraging manufacturing data.
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OVERCOMING CHALLENGES &
EMPOWERING INNOVATION

Cell and gene therapy developers need access
to expertise and talent, enabling technology,
high quality process development, and good
manufacturing practices (GMP) manufactur-
ing — all of which present individual technical
and executional risks. As a result, the cost of
entry for cell and gene therapy development
is very high. ElevateBio provides a solution to

www.insights.bio

companies seeking to de-risk the development
of innovative therapies through our technol-
ogy, facilities and team, with technology en-
abled for protein, viral, and cell engineering,
along with novel gene editing platforms.
ElevateBio was purpose-built for the de-
velopment of technology to advance our own
therapeutics as well as those of clients. An
integrated approach is key — ideas are devel-
oped in the laboratory, and state-of-the-art
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—» FIGURE 1

Benefits of Cytiva’s FlexFactory platform.

processes are developed in the process devel-
opment laboratory, translated internally, then
manufactured in-house in GMP clean rooms.

We have two GMP facilities in one, where
the manufacturing of viral vectors, gene ther-
apy products and cell therapy products are
segregated. The facility is designed to be able
to support manufacturing of products that
are manufactured for both US and EU clin-
ical trials. This integrated approach to devel-
opment, translation and manufacturing saves
months in terms of development timelines as
compared to a traditional outsourced model.

ElevateBio also possesses analytical devel-
opment capabilities, so that we can rapidly
develop and transfer methods, qualify them,
and get ready for QC release testing, for the
rapid disposition of products for these novel
therapies.

In collaboration with Cytiva, ElevateBio
has worked to address three areas that are cru-
cial for the successful commercialization of
cell and gene therapies:

1. Team
» Training young professionals

2. Process

» Ensuring reliable scale-up to cGMP
3. Data

» System integration and analytics

TEAM: TRAINING TOMORROW'S
CELL & GENE THERAPY
PROFESSIONALS

One challenge facing the industry is that expe-
rienced cell and gene therapy professionals are
in short supply. ElevateBio works closely with
university recruiting as well as internal teams
to help train young professionals. We also use
Cytiva’s Fast Trak™ Advanced CELLT1 course
to enable accelerated team training, and al-
lows us to hire and train young professionals
and move them into GMP manufacturing
quickly.

Along with our own experience, we use
that course to accelerate the training of new
process development teams, as well as man-
ufacturing staff. The CELLT1 course com-
bines both theory and laboratory work on
end-to-end manufacturing in order to accel-
erate and standardize staff training.
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Cytiva cell therapy
instruments

¢ Most cell therapy products
are manufactured with
Cytiva instruments

¢ Closed, automated, and
scalable manufacturing
solution

« 3 party process equipment

Qualification and
documentation
package

* Meets global regulatory

bodies’ requirements for
Cytiva equipment

« Experienced team builds
documents for you with
regulators in mind

Project
management

® Single point of contact for
project

e Dedicated project team
consisting of Cytiva subject
matter experts

e Staging, resource allocation,
and coordination

e On-time project turnover

eSOP = electronic standard operating procedure; eBMR = electronic batch manufacturing record

Consulting and
training

* 10 full days of staff training
with quarterly follow-up

* Address pain points and
knowledge gaps

¢ Build cGMP competencies

* Process economics analysis

Chronicle™
automation

* Manufacturing Execution
System (MES) digital
automation platform

Meets all global regulatory
requirements

* eSOP, eBMR, instrument
data capture

« Reduces paper-based
documentation processes
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—» FIGURE 2

Example of an AAV workflow.

Why Cytiva was chosen for viral vector cGMP Suite A

* Goal was to rapidly build infrastructure, team and technology to support therapeutics of portfolio, partners and
clients

* FlexFactory™ platform fits well with other scale up solutions enabling vector processes to be conducted in the laboratory at
cGMP scale

* Confidence the process will translate to cGMP manufacturing to ‘get it right the first time’ even across different
vector platforms
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PROCESS: THE FLEXFACTORY™ with the goal of rapidly building the infra-
PLATFORM structure, team, and technology needed to

support therapeutic development. The Flex-
Part of the ElevateBio toolbox of enabling PP P 4
o Factory platform fit well with other scale-up
technologies is the FlexFactory platform from . i
) solutions being used to develop the processes,
Cytiva, for both cell and gene therapy process .
. i and we were able to develop processes in the
development and manufacturing. Taking an ,
. laboratory with confidence that they could be
integrated approach from early development .
o rapidly scaled and translated to GMP manu-
through to clinical proof-of-concept, com- ‘ L
. . facturlng, as demonstrated in Figure 2.
bined with the FlexFactory platform, helps to .
lerate the devel ¢ of both client and Figure 2 also shows an example workflow
accelerate the development of both client an
cernal p for adeno-associated virus (AAV), from a
internal programs.
brog . ., scale of 2 to 50 liters. Design of experiments
The FlexFactory platform includes Cytivas s
] . . . (DoE), screens, and verification are per-
cell therapy instrumentation, qualification )
dd ot I o formed at small scale, and may involve up-
and documentation packages, project man- .
“ ) packag ] p ) ) wards of hundreds of conditions from a DoE
agement consulting and training services, i
e ) perspective.
and the Chronicle™ automation software i L.
) Next is scale-up and characterization.
platform. It offers an integrated, scalable solu- L
. ) ) Once the scale-up and characterization are
tion for acceleration and translation to GMP . e
. . i performed, justification of the scale-down
manufacturing, while reducing both cost of .
ds and risk (i " model is completed through process develop-
igure 1).
g00Cs and fisk frigure ment and protocols. The final conditions can

then be optimized in the small setting before
being translated and scaled up to 50 liters.

Viral vector manufacturing data
This allows the process to move between 2

Cytiva technology was used in one of El- and 50 liters easily, with comparable results.
evateBios viral vector production suites, The ability to screen multiple conditions at
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Upstream and downstream results of a lentivirus process.
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small scale and have confidence that the
tem will scale up effectively is crucial.

Sys-

Figure 3 illustrates an example of a lentivi-

rus process, where 10- and 25-liter produc-

tion and purification are consistent from both

an upstream and downstream perspective.

This upstream consistency and downstream

scalability provides the ability to have small-

scale equipment run the feed stream from

different conditions in our downstream pro-

cesses, and have near-identical results fro
2-, 10-, and 25-liter harvest. The platfo
are scalable to GMP and the programs

m a
rms
are

transferable, allowing the yields obtained in

process development to be achievable when

moving to GMP manufacturing.

DATA: CAPTURING & LEVERAGING

DATATHROUGHOUT THE
PRODUCT LIFECYCLE

ElevateBio is committed to building a h

igh-

ly digital infrastructure to capture and learn

from data throughout the lifecycle of a prod-

uct, and Cytiva’s solutions complement

1502

this

DOI: 10.18609/cgti.2021.198

robust manufacturing control strategy. This
data can then be used for better process de-
sign through machine learning and artificial
intelligence (AI).

Cytiva’s Chronicle automation software
was integrated with our workflows (Figure 4),
allowing for real-time analytics on data from
the manufacturing environment. With efh-
cient data capture and management, it is pos-
sible to build predictive capabilities that allow
for Al-based disruptive solutions — something
ElevateBio is currently working on deploying,
with the aim of democratizing our processes
and helping the industry learn from projects
as they move into clinical development.

A FULLY INTEGRATED APPROACH
Collaboration with Cytiva has helped Ele-

vateBio meet the goals of establishing pur-
pose-built technology and process automa-
tion that is adaptable to meet a diverse client
and product portfolio. By taking a toolbox
approach, it is possible to consider the in-
tended product profile and use this to inform




the process design — not only from an equip-
ment perspective but also when considering
raw materials, chemistry, manufacturing, and
controls (CMC) and regulatory aspects, and
clinical trials.

The FlexFactory platform enabled Ele-
vateBio to build lentivirus and AAV plat-
forms rapidly in the process development lab-
oratory, and effectively scale them to GMP in
the cleanroom. This is also applicable to cell
therapy platforms, with a flexible process that
allows the design and manufacture intent to
be considered, whether for CAR T, TCR, or
other cell therapy products.

ElevateBio also has in-house analytics, and
can perform a high level of characterization
for products. From an immunotherapy per-
spective we also have assays in house, both
in vivo and in vitro, which can be correlat-
ed before bringing a product to clinical trial.
The Chronicle data management system al-
lows information from Cytiva equipment to
be captured and integrated, so it can be used

INNOVATOR INSIGHT

for machine learning approaches, resulting in
further innovation and process improvement.

To summarize, in order to successfully ac-
celerate cell and gene therapy development
and increase the chance of ‘getting it right the
first time’, developers should consider three
key areas:

» Cell and gene therapy development is
complex, so leverage collaborators with
experience who can guide you to success
with the end in mind;

» Cell and gene therapy talent is in short
supply, and the environment is highly
competitive. Train your existing team
and standardize their manufacturing
techniques;

» Consider collaborators who can provide
access to next generation platform and
manufacturing technologies, and a fully
integrated end-to-end service model.

—» FIGURE 4

Benefits of effective data capture and management using Cytiva’s Chronicle automation software.

Data - Cytiva also complements a robust manufacturing control

strategy

* ElevateBio was committed to building a
highly digital infrastructure to capture and
learn from data throughout the lifecycle
of a product

Goals

Kby

EFFICIENT DATA MANAGEMENT

cJ

DISRUPTIVE SOLUTIONS

PREDICTIVE CAPABILITIES

Al based disruption in Cell and Gene space

* Data for better process design through

Differentiated Strategy

machine learning and Al for execution of a
robust manufacturing control strategy

* Cytiva’s Chronicle automation software
integrates into our workflows allowing for
real time analytics on data from the
manufacturing environment

Phase 1

Foundational Areas

* Real-time Data Collection

« Automation, Paperless Strategy
- Data Integrity, Data Mining

Established Practice

« Statistical Computing Tools
« Advanced Analytics
« Data Science Techniques

What are the results?

« Computational Biology
* Machine Learning with an
industry leading team

COST EFFECTIVE execution
of manufacturing and
supply chain operations

FASTER patient
identification for clinical
and commercial areas

BETTER research
capabilities to advance
and innovate science
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ASK THE EXPERTS

Michael Paglia Shannon Eaker

Chief Operating Cell and Gene Therapy
Officer, ElevateBio Enterprise Solutions
BaseCamp and FastTrak Leader,

Cytiva

What are the main challenges you see for this industry?

SE: One is capacity - the shortage of places to do quality GMP work. The second
is having trained staff to be able to do that work. A lot of companies such as Cytiva are working
on training initiatives to be able to augment workforce development. In turn this will help sup-
port the growth in the contract development and manufacturing organization (CDMO) space.

The third is around automation and the removal of paper from the process; how much you
can digitize your standard operating procedures (SOPs), batch records, and so on. It’s one of
the things that keep popping up on US FDA and other regulatory writeups as issues in the
space — how do we meet those challenges and get that early adoption, so that we can get past

some of those hurdles around automation and digitization?

M P: | definitely agree. Having the knowledge of the development lifecycle — CMC reg-
ulatory experience and expertise especially — as it relates to novel therapies and GMP and raw
material strategy are big challenges. Having that know-how, or access to it, is very important.
In particular, having the documentation for rapid validation, and making sure systems are set

up in a compliant way, is really important.
Y> y

How does ElevateBio support the industry’s growth, and how can
they help with some of these challenges?

M P: With the expansion that we have here at the facility, and the understand-
ing of all the hurdles we have faced as we work with companies and build technol-
ogy, we feel we can help companies and clients develop processes rapidly, but also
give them options.

DOI: 10.18609/cgti.2021.198
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There is also a need for closing systems, or taking complex systems and simplifying them
from a cost of goods perspective. What we can do is provide the knowledge and guidance to
companies to help them develop that.

Our goal is democratization of technology and allowing folks to have access to it, whether it
is companies coming and working with us, or allowing them to use these technologies and fos-
ter the development of their own clinical programs. I think that is why our model is different,

and why we are very excited to help to enable the field in terms of development.

Shannon, can you tell us a little bit more about the FlexFactory
platform, in terms of some of the benefits, and why was it suited to
this project in particular?

SE: The benefits are getting to manufacturing as quickly as possible, and also
establishing standardization around regulatory aspects and documentation - being
able to get a qualified system, so you can move to production quicker.

We pride ourselves on documentation, whether we are supporting an internal regulatory
group or a third party. Speed and quality are paramount. And a lot of that will tie in with work
on next generation analytics. We have to consider how we can produce a product quickly, and
how we tie in all the analytics, electronic SOPs, etc. And then, how can we have that framework
already set up for ElevateBio and others, and have them hit the market as quickly as possible?

The other piece is that we are really in a shortage on training. Being able to train in parallel
as you are developing and executing on FlexFactory installation and qualification is critical, and

can save weeks or even months in training and validation.

M P: Regarding documentation and validation, building a facility at the same
time as having access to that documentation rather than starting from scratch, was
very important. We had to start from scratch for other systems, and that robust package and
that documentation is not necessarily something that everyone offers you.

It is a big deal in terms of having something to access from early on to help guide you through
the validation. Knowing in the background our systems and our equipment already had that
ability and information was a big relief, and helped us to reduce staff as we built those systems.

In terms of working closely with the Cytiva team on the bioreactors and moving them in, we
are very fortunate to have an amazing engineering staff and team that have a lot of know-how
and speak the same language as the Cytiva team. Making sure that we had the level of rigor
we needed from our facility, and knowing where we could go in terms of scalability and as we
expand to multiple facilities, was important.

Regarding training, our curriculum is very much based on processes, but also common unit op-
erations. That’s where can leverage Cytiva. We can send our curriculum to them, and they can train
our staff on processes that are specific to our facilities and our programs. I think that’s also unique,

and we appreciate the flexibility to provide that information to them and have them use that.

Cell & Gene Therapy Insights - ISSN: 2059-7800

1505



CELL & GENE THERAPY INSIGHTS

1506

Shannon, can you speak to the importance of the digital automation
and Chronicle software part of the workflow?

S E: I will continue the conversation around flexibility, because that is where a lot
of it ends, if you will.

When we are looking to move towards digitalization of process analytical data, training is
obviously important. Chronicle software is GAMP™ 5 certified, so it is going to provide that
level of assurance that the process can be documented properly.

But training is a big portion of that, as well as flexibility. We talk about the flexible nature of
putting in some of these processes, and having an automation and digitalization platform such
as Chronicle software that can handle the flexibility. This means that quality groups can work
with vendors such as Cytiva to have those standard platforms, standardization of the SOPs and
electronic batch records and so on, but also be able to change them for each different product.
Because every product requires a different process.

Having that flexibility where you don’t need someone that can write code is important.
Chronicle software is web-based, and it is easy to make those changes for different products

and different clients.
What were the main lessons learned from this project?

M P: For this project in particular it was really understanding what Cytiva can
offer. When we built our automation team for example, understanding what the offering was
and getting access to the team there was something that we probably should have taken even
more advantage of at the beginning.

Go into a project with a really good user requirement and design intent, and work with the
Cytiva team in making sure that you take the time to understand what the user requirements
are.

As you build companies, as we all know, the opportunity is for you to hire experienced folks.
But they come from different backgrounds, and as these projects evolve and you bring new
programs and people on board, the user requirements may evolve and change. That happened
with us and because we had documentation, we had procedures in place to be able to track
those changes and remain flexible and evolve. I will admit I was probably the least experienced
person as we deployed these types of automation strategies, but again, Cytiva worked closely
with us and evolved with our team.

Another aspect is the long lead times. In the world of COVID, make sure you have a supply
chain team that can keep an eye on the market and the environment — although a lot of this
has of course been unexpected in the world, let alone in the biotech industry. Really keep an
eye on the timelines and make an effort to get some of those long lead items ordered. Make
sure that you have the ability to make those purchases early, so when you are ready to hand
over the project and start those clinical batches, you are not delayed because of a long lead on

a piece of equipment.

DOI: 10.18609/cgti.2021.198
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Cytiva is very good at keeping you informed about delivery times, construction times, even
the supply chain. They worked really well with us, keeping us on track and on time for deploy-

ment, especially in our vector suite with the equipment and processes.

What advice would you give to other cell and gene therapy
companies who are considering capacity expansion projects?

M P: The advice | would give is that oftentimes you have process development
labs that may be working on different platforms, but you don’t necessarily have to
scale and use the same platform in manufacturing.

I showed earlier that you can generate lots of data from a DoE perspective on different
platforms. The Cytiva FlexFactory platform, especially in the production of viral vectors and
manufacturing, works well with others from a decision perspective. So as we think about scal-
ing and expanding capacity, we are very comfortable with our next scale-up and where we are
going, and that it will be similar if not identical to where we are right now. Choosing those
scale-down models, justifying those scale-down models, and getting to that next scale as quick-
ly as you can to demonstrate that is important.

But again, don’t be afraid of understanding what you currently have in your facility, and
be a little more open-minded on different solutions as you go into GMP and scale-up. This is
something we learned early on. We did have some folks that were a little nervous about that —

but the data speaks for itself, and we are very confident in what we built here.

SE: In this project with ElevateBio we were very lucky. Mike has built a top-notch
team there that have a lot of years of experience under their belt in the cell and gene therapy
space.

We talk about putting in a standard platform, but it’s not going to be standard for every-
body. Developing flexibility around customers’™ needs, especially a group like ElevateBio that
has a lot of experience in the space, and providing them with platform documentation, regula-

tory support, and more, benefits us and makes us stronger.

What are some lessons learned you'd recommend to someone
implementing a FlexFactory platform for the first time?

S E: What commonly comes up is flexibility and training. As groups are building their
own infrastructure, they are hiring actively. Making sure that staff is up to date on the equip-
ment and processes, especially in the pandemic world we live in, is difficult. Training in parallel
as the FlexFactory platform is being deployed is critical.

Something that comes up a bit more often now, and which we've spent some time working
on with ElevateBio, is around analytics. As every product is different, making sure the data
from characterization, potency assays, and so on, can be integrated into a digitization platform
is becoming more of a question that comes up. It is something I'd love to say we have figured

out, but we haven't completely yet. We are getting there, and our collaborations are really

Cell & Gene Therapy Insights - ISSN: 2059-7800
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helping. ElevateBio’s analytic capabilities and know-how are very advanced, and we can benefit

from that.

M P: The analytics are key. Our head of quality has built an amazing team, not just
on qualification and validation and so on; the team here has an amazing analytical core. The
amount of data we can generate, the samples we generate, are evolving the need for high
throughput assays as well.

Analytics around not only the information we can get from the shop floor, but also on
the tests at the end process, and the process analytics and technology associated with that, is
something that we have the ability to offer to clients. Making sure you can look at the data as
it comes off the shop floor rapidly to make those decisions and take it back to a design intent

is really important.

From a manufacturing perspective, how does the FlexFactory
platform address production risk management, versus other
competing technologies that were considered when outfitting
ElevateBio?

M P: Cytiva has done this for a long time. They have experienced shortages in the
supply chain as they were integrating new technology, so they know about risk management.

For us, it was essentially day-to-day contact and conversation; a very active engagement.
Cytiva saw where the industry was going, and helped us think about the supply chain risk. As
soon as COVID started to really increase we put a team together to look at the entire supply
chain at the facility from a risk perspective. Shannon and the team at Cytiva were very much
integrated into that on a daily basis.

Other companies did this as well, but because that platform was so essential, and they un-

derstood that we had clinical demand coming, Cytiva worked really closely with us.

How does the FlexFactory quality system capture changes to
systems that are already qualified under FlexFactory quality
management system? How does your client know if the equipment
needs to be re-qualified?

SE: For each piece of equipment you can put in when those need to be qualified
and re-certified, depending on what is needed for each individual piece of equip-
ment. Chronicle software can notify quality personnel, or whomever needs that information.

For the equipment that will be used you can barcode scan, QR scan, and make sure you
are following a digital record that that piece of equipment is within certification. But we also
do that with people. If someone is not trained on a certain process and tries to start a process,
Chronicle software won't allow it; it will stop and make sure the quality department is notified,
so that the person can be properly trained, or another technician can come in and start initi-

ating the process.

DOI: 10.18609/cgti.2021.198



Q

INNOVATOR INSIGHT

Regarding Cytiva’s quality documentation offering, how does
the Cytiva quality management software product (QDMS) team
implement continuous improvement? How are you able to keep up
with rapidly changing technology and feedback from customers?

SE: We have a large qualification services group and quality group that maintain
our documents such as: user requirement specifications (URS), or general specifica-
tions (GS) for each piece of equipment. If there is a change that needs to be made, com-
monly that is at a software level, what we call deviations. Those would run through our quality
system, and the documentation would be changed within those parameters.

For each customer, we can again offer them the ability to be flexible and maybe alter the URS or
GS depending on what the specific need is. Again, the equipment is platform equipment, individ-
ual unit operation, so we do that with not only Cytiva equipment but also third-party equipment.
This is very important when we are providing a full solution for customers such as ElevateBio.

Being able to have that flexibility while also being able to start with a really good ground

level understanding of the documentation that is required is something we pride ourselves on.

Does ElevateBio provide the people or consultants that help to
decipher and analyze the data, or just the platform and tools to
empower the customers to conduct their own analysis?

M P: The answer is a bit of both. We take a very embedded approach to our clients
that are doing process development with us. Whether it is through what we have internally
or what a client may have, we work very closely on sharing the data in the format they would
most like it.

When someone works with us, it can be an idea, it doesn't have to be a process that they
have in hand. We sit down very closely with them and design the experiment and guide them
through that development through our process development group.

They are welcome to come here to our facility and our BaseCamp. Project teams can sit
down with our process development folks and get access to them, whether it’s through process
design, how we create the process, or what they want from a clinical perspective. They can
actually watch unit operations in the laboratories. Even if they don’t have that experience, we
welcome them to join us on certain occasions at the facility.

Along with that of course comes the data — clients want data every day. We analyze it, and
we interpret and talk about the data. Some like to take the data on their own, so put it into
their own tools and electronic systems, and present it that way. I think folks really enjoy work-
ing with us because we take a lot of ownership in our process development programs and treat
them as if they’re our own, because they are. Whether it’s a company that we are building on
our own, or a client, they are all the same.

Whether it is through process design, all the way through data sharing, we are working on

some really cool ways to provide almost real-time access. The only reason we can do that is

Cell & Gene Therapy Insights - ISSN: 2059-7800
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because of the automation strategies that we have built and the equipment that we have — the

infrastructure and the analytics.

Looking to the future, what's the next series of projects you are
planning at ElevateBio?

M P: Expansion of capabilities. We have projects like our inducible pluripotent stem
cell lines helping to evolve regenerative medicine products. The gene editing, Life Edit technol-
ogy and building therapeutics around that, and getting folks to have access to those enzymes,
is very exciting for us. We are building the processes for those types of products, and again we
have that experience internally.

We are planning the expansion of all those capabilities, but also the expansion of our pro-
cess development. What we're seeing is there’s a lot of excitement in the industry for working
with ElevateBio to start early, develop a process, and then do GMP manufacturing. But also,
because we have a GMP manufacturing capacity available right now, there are folks that may
already have a process that they will want to transfer in and have us run.

There are a multitude of ways in which we're expanding, and the next series of projects in-
volve working with more and more clients and biotechnology companies of various sizes to use
our capacity and our team to help develop these novel therapies.

The expansion of the Cytiva platform continues as well, and this is just the first step of our
viral vector capabilities. We know we would like to collaborate with Cytiva, because they eval-
uate technology that is out there from a process perspective, an automation perspective, and
scale that. We want to be part of that as well.

So a lot of projects, and we are actively expanding all of that infrastructure right now so we
can continue to work with more and more clients and technology companies, which is really

exciting.
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