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US: My name is Umay Saplakoglu,
and | am the Chief Digital Officer for Cy-
tiva. We have a powerful topic today, but
a little bit of an under-utilized one for cell
and gene therapies: digital technologies.
Experts say we are going through the
Fourth Industrial Revolution, and it is hit-
ting every industry a little bit differently. A
lot of manufacturing solutions are becom-
ing fully automated. Data management,

data access, and data analytics are bringing
us to a predictive and adaptive manufac-
turing environment, and all of this is falls
under the phrase “digital transformation”.

We have four experts here today from ac-
ademia and industry to help us understand
what digital transformation means for cell
and gene therapy, how is it being leveraged,
and what that means for the future. Let’s
begin with our first question.

What is digital transformation, what does it mean to you,
and what type of problems is it solving for cell and gene

therapies?

TK: First and foremost, it is import-
ant that we recognize that data is an as-
set. It becomes useful when it can be shared
across an organization, and be applied from
every aspect — research and discovery through
to process analysis and automation, and into
supply chain.

A key factor is transforming the data to be
digital, and to be able to be shared across the

enterprise and converted into useful knowl-
edge that solves relevant business problems.

DM: For me it is really about smart
biomanufacturing. The Catapult is a tech-
nology innovation center, so we are always
looking to see how new innovations can be

‘Data management, data access,
and data analytics are bringing
us to a predictive and adaptive

manufacturing environment, and

all of this is falls under the phrase
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‘digital transformation’.
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- Umay Saplakoglu
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brought in to improve product manufacture
and process development.

What we are looking at is how you can
use technologies like advanced sensors, and
how you can look at information technolo-
gy infrastructure such as cloud computing, in
order to generate, collect and interpret rela-
tively large amounts of product and process
related data. Then, to try and use this to build
an environment where you can control and
manage that data in a highly efficient way,
and get highly representative and reproduc-
ible processes which can control a lot of the
variability we see when we are trying to make
these therapies.

KR: From my point of view in CMal,
which is the Cell Manufacturing Tech-
nology Center, and beyond, digital
transformation really means impact,
cost, access, quality, and productivity. In
many ways this is not just process and prod-
uct data, or analytical data, but also data from
the supply chain, data from the whole instru-
mentation, and data from workforce training.
All of this needs to be integrated to create a
combined solution for the whole value chain.

That in turn increases production capac-
ity and on-time delivery, reduces batch fail-
ure, increases quality, and ultimately reduces




cost and improves access. That is what digital

transformation is to me.

SS: | agree that the data-driven com-
ponent of this is really important, be-
cause once you have that data what you
can do with it is pretty much endless.
In our situation it actually starts with some-
thing a little simpler than that, which is going
papetless.

In our lab right now, a lot of our work is
still driven by paper. Trying to get the folks
in the lab to make that transition to a digital
platform, to not writing things down, and to
trusting the technology will work for them,
is really a big shift. For digital transformation
then, it is really thinking about how they just
take a step out of what their normal day-to-
day is, and move into that next phase.

How early do you think we should start moving towards
digital transformation? What are the costs that would be
involved, and what about return on investment (ROI)? What

is the first step?

SS: From a cost perspective, some-
thing that has been useful to us is think-
ing about this from a perspective of us-
ing services. Not necessarily buying a big
package or tool that you have to figure out
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how to get installed and get running, but
rather just using a tool that you can pay for
as you are using it; especially the cloud-based
options. That has been really helpful to reduce

505



CELL & GENE THERAPY INSIGHTS

506

that cost and overcome one of those barriers
to getting involved.

When considering ROI, one of the things
we are looking at is those small things that
add up. Often ROI is looked at as this big
picture item you can quantify across a huge
set of activities. We are looking at small things
like the hours that are spent creating reports,
the hours that are spent going to a binder and
finding the right information around the lab,
and looking at how much more we will be
able to improve efficiency and improve on
workflow just by making those changes.

As far as some of those steps to get involved,
I think one of the first, most important things
is setting out what you want to accomplish.
Then getting buy-in into from the people
who are doing the work — not just someone
who is envisioning some great technology,
but rather the folks who are doing this day to
day, so they can understand and get involved
in making this shift.

It should not be just an industry thing; it
needs to be in the labs of individual investiga-
tors at every university. You start by creating
that mindset in the trainees and the gradu-
ate students — that we are in a very different
world, and this allows us to increase repro-
ducibility. We will be able to mine back and
identify problems much more easily than we
ever could, without going through piles and
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piles of lab notebooks without any search
facility.

The cost at that point is fairly minimal. If
you build that culture up, that minimal cost
then propagates through it, instead of trying
to transform a whole system at a time, which
is much more expensive. If we can build that
culture of digitalizing things and looking at
data, data mining, and data management,
much earlier in the value chain and in the
whole timeline, then it is not going to be a lot
of cost but a lot of ROL

Cost comes into the whole system. If you
reduce batch failures, increase reproducibili-
ty, and you are able to pinpoint where your
problem came from much earlier and faster,
that is a huge reduction in man-hours, cost,
and risk. These often do not get monetized
into an ROI, but they should be. These are
much bigger ROIs than whether I increased
my profit or not.

DM: If digitalization has benefits,
then | would have to agree with Krish
that you want to start on that journey as
early as you possibly can. But it is not the
kind of thing where a company can say “okay,
next week we are going to digitize our manu-
facturing process”. It is quite a long journey.
Individual companies and organizations have
to decide what digitalization means for them.
As Scott said, digitalization could be im-
plementing electronic systems so you are get-
ting rid of your paper-based systems, which
is an important first step in thinking about
how you are going to manage all of the data
you are generating. It could be setting up a
full manufacturing enterprise system where
you are trying to combine your warehouse
management system, your LIM system, your
building management system, and your
quality system, all into one usable chunk.
Something that has always been very close
to my heart is thinking about how you use
all of this information for advanced biopro-
cess control, and for improving the biopro-
cessing, so that we can get higher quality
products being manufactured. But it is a
journey, and we need steps.




sensor technologies into your process, be-

“We need better systems for
aggregating data and allowing us
to get management over all of our
data if we are going to make real,

cause a lot of the processes we have are not
designed to integrate with other technolo-
gies. We have a bit of a step change there
in terms of technology integration.

And we have got to think how we are

meaningful use of it.”

- Damian Marshall

Even if you are looking at things like ad-
vanced process control, your first step is to
try and build more of a mechanistic under-
standing of your product. You need to de-
fine what it is you want to be able to mea-
sure within that process. That is then going
to inform what kind of sensor technology or
analytics you can apply to make those mea-
surements. You have got to think about how
you are going to integrate these analytics or

Q

DM: The thing | think is underval-
ued is data management. We produce data
in a lot of different ways, and we don’t often

gene therapy field?

manage that data to the best of our abilities.
We could be performing univariant analysis
where we are just looking at cause and effect;
at what is going on within a system. We have
siloed data, and we are thinking about how
we apply that to multivariant data analysis,
or how this could be used for computational
modelling. It is often just sitting there on a
system, and used in not necessarily the most
meaningful way.

There are a lot of bugbears around data
that I have. You have issues like unique file
formats, which make taking data and using
it in a really meaningful way difhcult. I am
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going to manage the data. We are lucky to
have Theresa on this roundtable, because
the potentially huge amount of data we are
spitting out has to be managed, processed,
and presented in a way that you can ulti-
mately go on to use.
Then, you have to think about the phys-
ical systems you are going to use. Even with
one element, like advanced process control,
it is not a simple process. You have to think
about the steps you want to take. Think about
how that can be done in a quality by design
framework, so that you can make sure you are
starting out with the end goal in mind, and
building in the steps to make sure it is achiev-
able, because ultimately it is about creating

better, higher quality products.

Are there any particular elements of the digital ecosystem
that are currently overlooked or undervalued by the cell and

also shocked that we have still got equipment
that you can’t network. You have to transfer
data with a USB, which means someone has
to physically go and take that data to a com-
puter, and start to copy and paste. Copying
and pasting is prone to errors. We need better
systems for aggregating data and allowing us
to get management over all of our data if we
are going to make real, meaningful use ofit.

KR: In my opinion there are quite a
few areas that have been hugely under-
valued. I totally agree with Damian that data
management is a huge area.

We have not been thinking about cell and
gene therapy manufacturing as a system.
There are many components to gathering
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“An aspect that is often not thought
about is who the end user is, what
the fundamental problem you

are trying to solve is, and how to

translate that information in a way
that those users can act on it

508

- Theresa Kotanchek

data. One of the key areas that the industry is
gradually waking up to is supply chain man-
agement and logistics. There is huge amount
of data there we have never really thought of,
or looked at.

Another area that is very early on is do-
ing a lot of measurements on your processes
and your products, and longitudinal mea-
surements on process and products. This has
been largely ignored by the field. Everyone
is rushing in and asking when they can get
their first-in-human clinical trial, get an IPO
out, and get that first product on the market,
without understanding the product or the
process. Then, it is irreproducible if you want
to make it in multiple sites.

Gathering as much data as you can from
the process product side is key. Also, when
you get to clinical trial, very little data is ac-
tually captured from clinical trials these days.

Q

Gather as much data as you can, then as Da-
mian said, think about putting it into that
big data management framework, and ask
what you can do with this data. Additional-
ly, bringing in this peripheral data of supply
chain and logistics would really enrich the

field.

SS: As Damian said, a lot of those
old processes, whether it is the file
formats or connectivity of the instru-
ments, seem to be difficult. I have also
seen a lot of use of in-house technologies.
That is great, and it works for what it needs
to work for, but supporting that long-term
— as well as sharing across the community — is
not realistic.

Having more tools that can be shared
across the space, and thinking about things
in a way where if you spend time looking at
the data and coming up with a way to assess
something or report on something you can
just share that capability across the commu-
nity, would help tremendously. I think every-
one is probably reinventing the wheel.

When it comes to engaging with the quali-
ty and regulatory side of things, that is anoth-
er opportunity for bringing those folks into
the technology space up front as opposed to
on the back end. Saying “we built this tech-
nology, here is what we are doing, come as-
sess our quality and make sure it fits into the
space”, and maybe involving those regulators
up front in designing those capabilities.

It is interesting that everybody goes to data as undervalued
today - there is definitely a lot of value that is sitting within it.

But what about talent? What are the specific considerations
and needs around making sure workforces are sufficiently

trained?

TK: There needs to be recognition
that there is often a common workflow
with the data analysis - starting with
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the original datasets, verifying the sta-
tistical accuracy of the data, being able
to put the context around the metadata




and information, and then being able to
do appropriate model analysis of that.
An aspect that is often not thought about is
who the end user is, what the fundamental
problem you are trying to solve is, and how to
translate that information in a way that those

users can act on it.

We often talk about augmented intelli-
gence tools. The reason I bring this up is I
am thinking about platforms that allow ease
of data integration, ease of being able to do
the model analysis, and then being able to
repurpose those outputs systematically, mov-
ing forward. If you take that as a foundation,
training the talent is about enabling them to
build the system. That would be on your data
informatics side, then of course you have the
data scientists who would be addressing the
new algorithms, and so on.

An area that is really underexploited is
the users, and the application and use of the
data analytics. Particularly looking at the cell
and gene therapy community, being able to
take these outputs and realize how they can
drive better decision making from the user is
overlooked.

From the talent side there is real opportu-
nity in the field to get everyone onto the same
vantage point of thinking about a workflow,
and what capabilities are needed in order to
be able to act on that workflow, and convert
it. Whether it is in the research environment,
the process environment, or in the strategic
and supply chain aspects of the community.

We need to think about what can be auto-
mated and what should be automated, then
convert the tools in a way that is very visu-
al — consider how we look at data and inter-
actions of data, and how we can put it in a
visual form. If I am in a process control envi-
ronment, I need to be very easily able to tell
whether something is or isn’t within control.
There is a whole visualization aspect to con-
sider, and thinking about the users and what
problems they are engaged with.

Then there is a whole other level of not just
thinking about solving a single relationship,
because in reality we are optimizing many
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things simultaneously. You have multi-ob-
jective, multi-response optimization. You
need people to have that toolset so that they,
as a domain expert, know what they need to
control, or predict, or forecast, and they can
put those tools together in a way that enables
them to act.

We have recent fund-
ing from the National Science Foundation to
put together a roadmap on how we can bring
the workforce up to speed.

In addition, the needs and skillsets are go-
ing to be different for different levels of train-
ees and workers. The entry level trainees com-
ing from two-year colleges, technical colleges,
or high schools, need to know a certain set of
skills. Then there are the users and the devel-
opers, as Theresa mentioned.

It has to be very multidisciplinary training.
It is not just training in a whole bunch of al-
gorithms, and how to manage big data and
run the algorithms. Folks need to understand
the biology behind it, and the process behind
it. What is the product, and what does the
data even mean? You need to have the infor-
matics aspect, the cell biology aspect, and
the physiology aspect. You cannot train this
group of future workers and scientists on the
data management alone.

On the other hand, the clinicians, cell bi-
ologists, and chemical engineers need to learn

“The more we can design the

technology to make it hard to do
the wrong thing, the better it is

going to be”
- Scott Sobecki
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how to use that data, how to integrate data,
and — at least at a basic level — to understand
what this analysis is doing. Most of the time
we will click on a software and out comes our
data. “Here is my data. Why is it that way?
Because the software told me so”. That is no
longer an acceptable answer.

We need to be able to have these folks talk
very different languages at the same time, and
understand what is behind that data analysis,
without overwhelming them. If it becomes
too complicated, then you will have an aver-
sion to taking that technology in.

SS: thatisa great point. With the tech-
nologists and the folks who are at the bench,
having a way they can talk to each other is
really important. It is one of the things we
have seen in cases in the past, where you have
some sort of I'T support for a system, but not
necessarily IT support for the users.

Q

Having that partnership lets the folks on
the ground doing the work reach out and say
I am getting ready to do this thing with the
technology, is this the best way to do ie? It
really helps enable them to make better deci-
sions, and to do more innovative things with
the technology itself. At the same time, it
helps make sure that you are not going down
the path of bad habits and not doing the right
thing. The more we can design the technolo-
gy to make it hard to do the wrong thing, the
better it is going to be.

Whether it is a technology partner, or
more of a transformation or change manage-
ment partner, there is some role that has to be
there to help make folks who are doing the
day to day more comfortable with that shift.
Part of it is the tool, and part of it is making
sure there is a person connected to that tool,
who is not only just supporting that tool in
the back end, but who can interface with the
person using it.

How do we implement? The full and efficient realization
of digital transformation in the field will clearly require a

highly collaborative approach. What are some of the current
examples of such partnerships, and where specifically should
further collaboration efforts be focused?

TK: Krish could respond to this, as
the National Science Foundation’s Engi-
neering Research Center (NSF ERC) for
cell manufacturing technologies is an
outstanding example of bringing togeth-
er domain experts across the entire val-
ue chain that can engage, and includes
those who have the biologics expertise,
those who have the clinical expertise,
and those that have the data analytics
expertise but may not have the biolog-
ics expertise. Being able to have a common
language and identify the problems that are

worth solving, then engaging with those
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collaborative programs to move forward, is
crucial. CMaT is an excellent example of that

collaboration.

KR: Within the context of CMar,
which is a nine university, three interna-
tional center consortium, we have been
able to work with not just academic
folks but also government folks, stan-
dards development agencies, regulato-
ry agencies, and industry, to really ask
these questions about where the pain
points are, and where we need to pro-
vide solutions. This is both from a work-
force training standpoint, as well as a research
standpoint.




One example is our partnership with The-
resa, who works to understand the process
and product data. We also have partnerships
with Cytiva in creating a center-wide batch
recording system. Doing that across nine uni-
versities is not a trivial task.

Then, partnering with AWS, we take a lot
of the data being generated all over the coun-
try and internationally, and bring it into one
single cloud platform where anyone from any
of these nine institutions, or our international
partners, can access , compute and share that
data.

These are some of the partnerships we are
creating, where we are understanding what
the need is first, and then working with our
industry and  academic
partners to bring that solu-
tion together. Creating
that network of experts
allows us to build the solu-
tion from the ground up,
and customize the solution
to our needs.

This cross talk is very
critical. Not just for us
as users, but also for the
folks who are developing
the solutions. Once you
hit the ground, there are a
lot of nuances to the solu-
tions, and it is not a one
size fits all situation. Cus-
tomizability is going to be

Q

critical for those who succeed and those who
fail in providing these digital solutions.

SS: There is definitely power in num-
bers, whether that is working with a
partner like Cytiva, or any other person
who will be in this space. The more peo-
ple we have working together on sharing the
challenges we have and the ways we can solve
those challenges, the better. As Krish said, you
can't always solve that problem in the same
way for every place. But if we can work to-
gether as a community to address what those
concerns are and try to come up with some
type of similar solution, I think that helps tre-

mendously to move us forward.

US: Let’s look more closely at a
few specific aspects of this, beginning from the

transition from paper to digital batch records. Just how big
an undertaking is this, and what are the main obstacles for
digital transformation in this area?

SS: It is a big change, and | think
change is hard in general, especially
when you are working with a set of folks
who might not be very familiar with the
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technology. In our situation, a lot of the
folks at the bench arent folks who are ex-
tremely familiar with it, and they have a little
bit of concern. They know how to do their
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paper process, and they know how to do the
calculations. Doing that in a digital format
can be a little overwhelming.

One of the things we have found in that
process is that people like to touch something.
In our efforts to get from a paper approach to
a digital approach, one of questions we asked
is whether we want to get rid of paper alto-
gether. We decided no, what we would try to
do is minimize it, and give the folks who real-
ly want to have something in their hand when
walking around from space to space a piece of
paper, so they still have that with them. That
can be a summary, a report that gets run, or
some type of consolidation of information.

As we work through changing some of the
processes from being paper-based to digital,
we are not shifting the workflow tremendous-
ly, at least initially. We are trying to keep it as
similar to what they are familiar with as pos-
sible, so they can focus on having the same
process but shifting it from paper to digital.
Work on improving the workflows will then
happen later on.

That is the approach we have taken, and
some of those barriers were having the right
people connect. As we discussed about in the
previous question, having the right people
partnering with the folks who are in the lab
doing the work makes a huge difference.

TK: Scott is absolutely correct -
people have to recognize that this is a
cultural change. It can even be a mindset of
“wait, this is my data!”. People get very pro-
tective of their data, and the possibility it will
be misused, or that they will somehow lose

their ability to influence and control it.
You have to help people see that the pow-
er is in sharing their data, and by having it

“this is where we are going”, but you have to
make it very real to the people that are on the
ground and being impacted by the change.
If they don't see the benefits, it is going to
take longer. If they see the benefits and you
provide the ease of enabling that, that is in-
credibly powerful.

Choosing a couple of low hanging fruits,
and having some successful pilot projects
where people can see that benefit, will en-
able the entire organization to move forward
faster.

When we try and implement this
across nine universities and 40 different lab-
oratories at the same time, there are various
amount of heartburns, and various amounts
of enthusiasm. That comes from the mindset
of “this is the way I have always done it “, and
it is going to change some energy barrier to
cross over to the other side.

But once they see the benefit, once they
see that within that broader ecosystem this
is where the culture is shifting, I think peo-
ple are much more receptive to taking these
transformations on, and really making sure
that they are at par with the advancements
in the field. Because this is an advancement
in the field, and everyone wants to be there
at the cutting edge. Education takes a little
time, but providing them with that value
proposition is really critical.

“You have to help people see

that the power is in sharing their
data, and by having it digitized
they can have greater influence
and impact.”

digitized they can have greater influence and
impact. When they start to see that become
a reality, then they are much more on board.
They realize this is opening up their ability to
create value in different parts of the organiza-
tion where they hadn’t previously.

- Theresa Kotanchek

This cultural change aspect is paramount
to have front and center. It is good to say
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How can in-time analytics, enabling real-time feedback
loops and IPC impact your cell and gene therapy production

workflow and process in practice?

DM: One of the

first points is that we
have got variability
in our manufactur-
ing processes. We
have variability in the
cells, and even if you are
doing viral vector man-
ufacturing with a cell
line, you have still got
variability in that mam-
malian cell line. We
have variability coming
in from raw materials,
cytokines, growth fac-
tors, monoclonal an-
tibodies, and specialist consumables we are
using in the process, all of which can have
batch-to-batch variability.

We are putting all of this variability in, then
we have relatively rigid manufacturing process-
es, and then we are getting variability in the
product coming out. The ability to monitor
what is going on, preferably in real-time, using
in-line sensors and in-line analytics, could be a
real step forward. It is going to give us the abil-
ity to monitor those processes, and hopefully
put mechanisms in place to get more control,
and drive quality, into the system. However,
we don't have that many technologies available
to us that are designed for cell and gene thera-
py bioprocessing yet.

If you are manufacturing viral vectors in
a stirred tank reactor (STR), you are prob-
ably in quite a good place, because a lot of
the technologies and processes are borrowed
from biopharmaceutical manufacturing. Be-
cause they are digitizing more and more in
the biopharmaceutical sector, and it is a big
enough industrial sector, there are technolo-
gies available that you can pick up, and with
a bit of tweaking, you can make them work
for your system.

Cell & Gene Therapy Insights - ISSN: 2059-7800

“...we have got variability in our
manufacturing processes. We have variability
in the cells..\We have variability coming
in from raw materials, cytokines, growth
factors, monoclonal antibodies, and specialist
consumables we are using in the process, all
of which can have batch-to-batch variability.”

- Damian Marshall

If you are not doing viral vector manufactur-
ing in an STR, then you are probably in a much
darker place, because the systems and technol-
ogies are likely not available to allow you to get
this level of in-line monitoring and control.

To give an example, if you are doing CAR
T manufacturing, there are increasing num-
bers of fully automated closed manufacturing
systems that have been developed, and there
is a lot of work in this field to develop more
systems. But they are black boxes — they are
designed to do a series of unit operations over
and over again in exactly the same way. If you
want to monitor what is going on within that
system, you are really limited in your ability to
do that.

This isn’t the fault of technology develop-
ers. It is a lack of talking and understanding
within the field. Therapy developers need to
be defining what critical process parameters
they need to monitor, and the levels they
need to monitor them to, so the technology
developers can think about how to build sen-
sors to allow them to do that. Then bioreactor
companies can come along and see that this is
going to be a big advantage because they will
have a smarter bioreactor, and they can look
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at how they can integrate these technologies
into their systems. But it needs that openness
and dialogue to get started within the field to
drive it, and that is really difficult.

We have a project that is just starting at the
Cell and Gene Therapy Catapult where we are
looking at technology integration, and we have
got about 24 companies all coming together in
a consortium. We can do this because we are
not a therapy developer, and we have a plat-
form process that we are willing to share data
on. But putting that in place, from a contrac-
tual perspective and getting all the collabora-
tion agreements in place, has taken nearly two
years. It is incredibly slow.

If we want to see real innovation and change
and get the advantages of in-process monitor-
ing and control, we have got to decide what is
pre-competitive within our field, and how we
then bring companies together to start to share
data and information.

KR: This is really the next frontier;
this is where cell and gene therapy has
to go. There are no ifs or buts about it. We are
automating fixed processes, and if you have a
highly variable input and a fixed process, your
output has to be highly variable. That is just
fundamental science.

Right now, we are generating thousands
of doses that are all different from each other.
That is the reality. If we want to have consis-
tency in the critical quality attributes of the
products that we are making, we have to have

Q

a dynamic process where we sense, decide, and
control.

That should start at the very beginning of
the process development and R&D phase. We
need to be measuring enough things to really
understand the process parameters and their
effects, and to really understand the critical
quality attributes you are getting at for your
products, and what the right range of that
quality ateribute is.

Then, you can do real-time or pseudo re-
al-time sensing at various intervals to under-
stand if your process is going the right way or
not. You need the ability to make decisions
through the data analytics, and control things
like the feed rate, the stirring rate, the IL-2
concentration, or whatever it is, to keep the
product at that very specific range. One of the
big benefits is often in ¢<GMP, our processes
are a week to six weeks long, depending on the
cells and the indications. If I know that I am
going to get a batch failure on day two, I just
saved two million dollars of production run,
even if I can just can the batch. I have avoid-
ed going through four weeks of the run, and
then doing quality control just to find out that
I have a failed batch.

Therefore there are a lot of benefits of re-
al-time analytics, real-time sensors and process
control that I think the field is gradually under-
standing. But as Damian mentioned, we really
need to be able to focus on that, collaborate on
that, multiple different technologies need to be
brought in, and pre-competitive technologies
need to be developed so that everyone can use
them.

This is a perfect segue to machine learning and Al, another
two buzzwords. What you think the main application areas

are, and what is your definition for these words?

TK: In practical terms, Damian and
Chris described very real programs that
we are engaged in right now. I couldnt

agree more with Krish’s comment about
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starting in that research environment and tak-
ing the power of the elements that Damian is
considering — raw material variability and cell

variability — and the potential controls within




the manufacturing process. Being able to look
at all of those inputs in the context of the out-
put responses that you are trying to control
early in the research development is extremely
useful. Having this information in a digitized
form means you can then go and analyze it to
understand what is not working. And at that
point, what is not working is just as powerful

data as what is working.

This is another aspect of digitalization that
people underestimate. When you are doing
data records, there is a tendency to keep a fo-
cus on a single hypothesis, and you are then
looking for where that successful hit was. But
when you have the digital data, you can ex-
ploit the places where you aren’t successful or
where treatment isn’t effective, and that will
further guide your next analysis.

Getting back to machine learning and Al it
is about taking the power of the data that you
have, analyzing it, and being able to identify
the driving variables or key features, and what
the relationships between those features are. If
I want a robust process, I typically don’t want
to be controlling 100 things simultaneously.
I want to know which critical set of process
controls and material attributes are important.

We want to be able to do that initial model
development, generate the hypothesis and un-
derstanding, then be able to exploit that and
pinpoint the areas where we need to go and
collect more information. They are precious
data, and they are expensive, but it is better to
do it then, than when you are going into a larg-
er scale. Then you need to be able to repurpose
that data, build on it, do the next round of col-
lection and validation, and then optimize it.

Once that suite of knowledge is in place,
you can look at that as machine learning or AL
I look at it as more augmented learning — you
are using your models, and a domain expert
can then ask what is this telling me, what do
I hypothesize, how do I go validate, how can
I further optimize, and what are the regions
of the design space that we know we want to
avoid?
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To Krish’s point, with the learnings that
come from that you may identify your opti-
mum much earlier. Then from an efficiency
of productivity standpoint, you can do things
much faster. You can identify areas where you
would want to stop production because you
are now out of control, and the like.

Getting away from the buzzwords, the ap-
plication of utilizing these predictive capa-
bilities and optimization capability is what is
key. Ask from a business standpoint what it is
that you want to be able to more effectively
predict and control, and what aspects impact
it, so that you can go in to the manufactur-
ing process exactly to this point, and select the
right sensors. Being able to do the sensor side
control in an automated way with confidence
is foundational and key.

Even from a variability aspect, being able to
bring in information about that data that you
may not even anticipate as a source of variabil-
ity could provide important answers. It could
be that the conditions of the environment of
the room or the cell, which people may not
think are important, are in reality driving
factors.
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SS: Firstly, more streamlined. The
more we can leverage technology, the more
we will be able to take things that might be
manual or things that don’t necessarily add
a whole lot of value but need to be done,
and automate them. This is about improv-
ing efficiency, and finding a way to enhance
productivity and modify the workflow to be
as optimal as possible.

Another thing which we talked about
earlier was having more of the equipment
and instrumentation connected into the
workflow, so that we are getting data from
those instruments. So for example, instead
of writing down temperatures, tempera-
tures are already being sent across. We are
not having to stick in a USB drive, instead
the data comes through automatically. Then
we can begin leveraging that data up front
and finding problems before they actually
become a problem. That is a big part of what
will continue to happen.

Any of those places where the technician
in the lab can add value in those more com-
plex situations, we should aim to have them
focus on those, versus the more simple tasks
that might feel like a big part of their job
right now. That shift where they see that
their role can be more valuable in those plac-
es where a human has to interact, and that
is where their role will move to be, will be
another change that will happen within five
years. Any places where we can find those
little steps will be helpful along the way.

I don’t think this is something that is just
going to flip, and next thing you know we are
going to be doing all of these things differ-
ently. Looking at a five-year period, I expect
little things will happen each month, and
each year, and that will get us to the point
where things will look totally different. We
want it to happen in this organic way.
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Finally, given your investments in digital transformation,
what do you think your lab space or workplace will look
like five years from today?

KR: | would love to see a very
seamless integration of batch records,
metadata, analytical data, and also the
big data -the ‘omics type of data. Plus,
the seamless ability to analyze them no mat-
ter where you are in the organization.

Also, tools to better visualize things. That
is still lacking, and that training is still lack-
ing as to how to present it. Often we are
overwhelmed with the data right now, and
being able to extract features much more
easily and be able to communicate that to
others in a much easier and simpler manner
is critical for the next five or ten years.

D M: We are in a fortunate position
at the Cell and Gene Therapy Catapult,
because we are in the process of set-
ting up a manufacturing innovation
center in the UK. What we are trying to
do with this facility is take a lot of the things
we have been talking about today and think
about how we put those into practice.

We are going to look at having electronic
data management systems, integrated for all
parts of the manufacturing process within
that facility. We are also going to be look-
ing at how we implement process analyti-
cal technologies for in-process monitoring
and control as part of the outputs from that
facility.

If I was to look five years into the future,
I would like to think we would have taken
some pretty big steps, not just as a compa-
ny but as a field, towards smart, controllable
biomanufacturing. I would also hope that it
is starting to become more widely adopted
by companies in the field. The academic in-
stitutes are very good at driving innovation
and we have got technology innovation cen-
ters like ours in most of the big developed
countries around the world, that are very
good at problem solving and thinking about




how we get innovations into our manufac-
turing processes.

However, it needs that uptake from in-
dustry, and it needs them to be able to see
the benefits of it and realize this is the path
they want to go on. If we can start to get
to that place in the next five years or so, I
think we will be in a pretty good place going
forward.

TK: To the earlier points, being able
to have application expert tools avail-
able, that provide the ease of doing the
analysis and visualizing the results, is a
continual push on our side.
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The fact that the industry is moving to
a digital framework will open up incredi-
ble opportunities for the entire field. It also
opens up new opportunities to look at sen-
sor and control systems, and the design of
those. We can start to look at ecosystems of
different levels of hierarchy of relationship,
and at biological controls that I don’t even
think we have exploited. We are only start-
ing to scratch the surface with the types of
data we have available.

For a company such as ours, bringing in
those domain experts that also have the data
expertise to be able to put in place the right
tools and systems for the industry will be an
area of focus for us.

<q CMaT

NSF Engineering Research Center
for Cell Manufacturing Technologies

We hope you enjoyed this transcript of the roundtable
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