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UPSTREAM BIOPROCESSING

INTERVIEW with Dr Clive Glover, Senior Glob-
al Marketing Manager, and Marco Koppe, Global
Product Manager for cell and Gene Therapy at Pall
Biotech, UK.

k6\\hatever expression
system you choose

will have to be able to
produce high quality
virus consistently, at
the scale you need it.
And all this has to be
done at an affordable

cost.??

Determining the optimal culture
system for your scale up strategy

Dr Clive Glover is Senior Global Marketing Manager, Cell & Gene Therapy,
Pall Biotech, UK, leading their cell and gene therapy business. Previously he
was responsible for driving product development efforts around cell therapy
at GE Healthcare and has also held positions in marketing and product man-
agement at STEMCELL Technologies. Clive holds a PhD in Genetics from the
University of British Columbia.

Marco Koppe, Global Product Manager Cell Culture and Clarification at Pall
Biotech, starts working with the Pallproducts in 2001. First at the Dutch
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distributor, followed atPall when it went directly to the Dutch market.In
his previous role as a member of Pall Biotech ScientificLaboratory Services
(SLS) team, His responsibility wasdeveloping clarification processes at (key)
customers with the Pall products and involvements at (A)R&D on develop-
ing new products. Currently he is GPM for the iCELLis® technology.
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What are the key considerations when
selecting an expression system for viral vector
production?

Clive: There are multiple expression systems available for making virus-
es, but ultimately there are three things that have to be considered when
setting up your manufacturing system: scale, quality, and cost. Whatever
expression system you choose will have to be able to produce high quality
virus consistently, at the scale you need it. And all this has to be done at an
affordable cost.

One important thing to think about is these items are not necessar-
ily independent of each other. For example, for AAV production there
are choices between using an insect cell-based system or a mammalian
system. At first glance the insect cell-based system may seem to be more
scalable as it is in suspension, but this needs to be looked at more closely.
For example, there are some suggestions now that the virus produced in
insect cells is not as potent as that produced in mammalian cells. So you
would potentially have to move to a larger scale
in order to produce equivalent product, which
of course would have an impact on the cost.

It’s very important to consider all these factors

when deciding on which expression system to use.

Q What are the critical quality
attributes that need to be

monitored for virus coming
from upstream?

Marco: Analytics remain one of the most chal-
lenging aspects of viral vector manufacturing.

While it is very easy to name the specific critical
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validate them.

k€ Analytics remain one of the most
challenging aspects of viral vector
manufacturing. While it is very easy
to name the specific critical quality
attributes, it is not always easy
to develop or obtain an assay to

b

quality attributes, it is not always easy to develop or obtain an assay to
validate them.

The most critical thing to measure is the amount of virus coming out of
upstream, as it can in many cases determine the scale of the downstream
process that you must put it through to purify your virus. But also bear in
mind there are several different ways to quantify your virus and to measure
different attributes of the virus. And it may not always be entirely clear how
the output of these assays relates to eachother.

For example, using AAV — an ELISA assay can be used to measure the
amount of intact capsid proteins in the process fluid. But this does not ac-
count for viral particles that are either empty or partially filled with DNA.
PCR can be used to quantitate the amount of virus, and theoretically the
ratio of these two numbers should be able to give you the quantity of
full particles you are generating. But again this does not always match up.
Others tests such as analytical ultra-centrifugation can be helpful to look
specifically at empty to full capsid ratios.

Functional assays are also important, although they can be time con-
suming and have a large error associated with them.

Quantification assays that assess the turbidity of material coming out
of a bioreactor can be important to ensure the downstream process is well

designed to handle the upstream output.

What is your advice in terms of gauging
how and by how much to scale up vector
manufacturing, and when ideally should this
be planned?

Clive: Thats a great question, and really very
critical when determining the manufacturing sys-
tem, and specifically what upstream system you're
going to use. The reason that the upstream is so
critical is that it’s currently creating a bottleneck
in viral vector manufacturing.

Given that we expect the clinical trial duration
for gene therapies will be shorter than for conven-
tional drugs, it’s important this planning starts as
early as possible. Time is not necessarily on your
side to develop a very elaborate or different pro-
cess to what has been used in your preclinical
studies.

At its simplest, the scale you require is a prod-

uct of the number of patients you expect to treat
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k6\\ith some gene therapies...the
number of patients treated per turing batches per year.
year may peak early on, as the
prevalence population is treated,  nentsand alk about the dif-
leaving only the incidence
population, which is usually quite First, on the number of
small, to be treated each year
after that.” somewhat unique in some

per year, and the dose per
patient, divided by the ex-

pected number of manufac-

But now let’s look at each

of those 3 different compo-

ferent considerations around

each of those.

patients that are expected to

be treated, there’s something

gene therapies. With con-

ventional drugs it’s assumed

the number of patients you

treat will continue to rise for
the lifetime of the drug.

With some gene therapies, specifically those that are targeting genetic dis-
eases, the number of patients treated per year may peak early on, as the prev-
alence population is treated, leaving only
the incidence population, which is usually

quite small, to be treated each year after

These are real considerations around each of the three factors in that
overall calculation. But there are other considerations as well, such as the
amount of material that needs to be set aside for retains and analytics. And
this is not by any means a trivial amount.

After looking at these factors, selecting the right technology for manu-
facturing is important. For example, with rare diseases with a small dose,
such as those in the eye, using simple multi-tray stacks for the upstream
may be sufficient. However, for most in vivo gene therapies, where large
doses are required, moving to a bioreactor is essential.

Bioreactors, and indeed all equipment used for gene therapy manufac-
turing is single-use. And this allows for greater flexibility, particularly when
you consider the implications for treating a genetic disease, where you
have that unique patient dynamic between the incidence and prevalence
population.

The other thing to think about is to choose between adherence and sus-

pension culture.

Can you share for us the main differences
between suspension and adherent culture
systems?

Marco: Traditionally viruses have been produced in adherent

that. The implications for manufacturing 14 \/\/|th rare d |S eases W | t h asma | | cultures, most specifically in simple systems such as a T-flask or

are that the larger scale may be needed up

front and early on in the product life cycle.

scaled up to a multi-tray flask. As the industry is progressing

d OSeE...us | N g Sl m p | € mu Hv_l B t ra \/ at such a pace, it has reached its capacity at industrial scale. So

Moving on to the dose per patient. This stac |< S fo r th e u pstre am may b e it’s very difficult to scale it up, in terms of volumes needed for

will be determined during clinical trials, but

you should be able to start with a reasonable

many indications.

su ﬁ:l Cle nt H oweve r, ]CO rm OSJ[ In Traditional biologics have relied on suspension culture, and

assumption early on, and then work out \// VO ge ne th erap | es, V\/h ere | 3 rge much is known about scaling these systems in the context of

various manufacturing scenarios based on
the various doses you will be testing.

Finally, when it comes to the number
of manufacturing runs per year, this is also
a very important consideration, where a
real balance has to be struck. On the one
hand, it’s not ideal to be running a new
batch every week, as this will require substantial amounts of planning and
labor, and small slip ups on individual batches could be quite problematic
in terms of ensuring continuity of supply.

On the other hand, if a process is run too infrequently then operator
error starts to creep in, compromising batches and possibly leading to re-

work. There must be a sweet spot found between these two extremes.

monoclonal antibodies. Adapting these to viral vector produc-

doses are reqU|reda mOVlng to d tion has certainly been done, and it does work. It can also be
bioreactor is essential.??

done by either scaling up the traditional triple transfection sys-
tem, using HEK293 cells, or moving over to a more specifi-
cally suspension system using insect cells, such as ASAC9 or
baculovirus.

We've already discussed some of the challenges associated
with insect cell system; looking at scaling up the HEK293 system has
proved a challenge for two main reasons.

The first is the plasmid DNA is one of the most costly raw materials in
the process, and maintaining a cost effective ratio of plasmid DNA to cells

at high volume can be difhicult. While theoretically single-use systems can
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be scaled up to 2000 litres, in reality most processes are only currently cost
effective up to 500 litres.

Secondly, the cell specific productivity rate for cells in suspension can be
much lower than cells grown in adherent format. In addition to resulting
in less virus, it also leads to lower quality virus, with more empty or par-
tially filled capsules.

There are also fixed bed bioreactor systems such as the iCELLIs® bio-
reactor which provides a large surface area up to 500 square meters, in a
compact footprint, allowing scale up from adherent flask-based systems to
a bioreactor rapidly, without significant lead time to adapt adherent pro-
cesses to suspension cells.

While it is difficult to compare adherent and suspension cultures direct-
ly, the largest version of the iCELLis bioreactor is approximately equal to a
1,000 litre suspension bioreactor. We routinely see iCELLis based process-
es generating more than 10 of viral gms per batch, and even up to much
greater than this depending on how the virus is quantified.

The iCELLis bioreactor is actually being used in several large scale in
vivo gene therapies that are in late stage clinical trials and a number of

companies are using this system for their commercial scale production.

Can you quantify the savings that can stem
from migrating to a bioreactor system for
upstream bioprocessing?

Clive: We've performed a lot of cost modelling around this, looking in
particular at multi-tray systems versus things like suspension, and iCELLIis
based processes.

What we see often makes sense intuitively, but it’s very nice to be able
to actually look at these down on paper. What we immediately see is when
you look at the operational expenditure, so the
amount you have to spend on consumables and
labor per batch, it usually gets reduced by about (¢
40-50%, when you move from a multi-tray sys-
tem over to a bioreactor system.

In addition, we find the amount of upfront
capital expenditure you have to put into a multi-
tray system as you scale it up can just be quite ex-
treme, and makes it a less viable option for scaling
up these types of systems.

We also see the footprint is dramatically re-
duced for example at around the 200 litre scale,

which is something that can be used in preclinical

... when you look at the
operational expenditure...it usually
gets reduced by about 40-50%,
when you move from a multi-
tray system over to a bioreactor

system.??

or early stage clinical studies, you can use the same footprint that you would
use for a multi-tray study at 200 litres and use it for a 1,000 litre study in
any kind of bioreactor system. This means substantial space savings and
given these processes are usually performed in a clean room, reducing that
space use is a real cost saver.

It also means any space you've used for your preclinical studies can then
be used for your commercial scale manufacturing if you move to a biore-

actor system. So lots of advantages to moving over to a bioreactor system.

What does the cost of goods comparison look
like for the latest adherent and suspension
culture systems?

Clive: I would say in aggregate there is approximately the same cost of
goods depending on the bioreactor system you use, with maybe a small cost
savings around the plasmid DNA, which is the most costly raw material
when it comes to an adherent based system such as the iCELLIis bioreactor.

There are other considerations when choosing your bioreactor system.
We've spoken already about the potency of the virus that gets produced,
depending on whether it’s an insect cell based system or mammalian based
system. We've spoken a little bit about the process development risks,
which are usually lower for an adherent based system such as the iCELLIs
bioreactor. And then of course there’s the quality aspect as well, where there
are some suggestions that an adherent based system can give higher quality

virus.

Q Are there any other considerations when
thinking about which type of technology to
select for upstream?

Marco: Besides the total process solution we of-
fer across upstream and downstream processes, it
is also very important to have a consistent supply
of whatever you are using throughout the process.
Now on the upstream side in particular, we have
seen challenges around the availability of multi-
tray stacks in the past few months, and this had
caused considerable problems for some compa-
nies that are trying to scale up their process.
Therefore, when selecting a technology it

is very important to make sure you audit the
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supplier and develop
and open and transpar-

ent relationship with

kb\wvhen selecting a technology itis o oo
very important to make sure you are no surpriscs.

. . At Pall we have re-
audit the supplier and develop and cently invested more
open and transparent relationship than $3 million o en-

. sure we have a robust
with them to make sure there are cupply chain behind the
NO SurpriseS.,, iCELLis  technology.

We have boosted our
capacity four-fold, and
ensure that we are able
to do this long into the
future.

This investment was needed to ensure we can adequately service the
large and rapidly growing installed base of more than 100 bioreactors, in-
stalled worldwide at our customers.

We also maintain very close contact with all of our customers to ensure
that we all understand each other’s requirements.

Beside that it’s also important to make sure your supplier has a strong
quality system in place, with change notification policies, to ensure that
they have control over the manufacturing process, and notify you when

changes are made.
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Scaling up Your Gene Therapy
Process Has Never Been Easier with
the iCELL.is® Bioreactor System

Automated, single-use fixed-bed bioreactors providing
excellent conditions to manufacture high quality viral vectors

) Simplify your process development and cGMP production
@) Linearly scalable up to 500 m2 equivalent to >1000 L stirred tank bioreactor
) Robust and secure supply chain

Learn more about how iCELLis bioreactors have been successfully
implemented in a process directly from end user, Freeline Therapeutics.

Sign-up for the webinar, An End-to-End Integrated Solutions Approach for
Viral Vector Commercial Manufacturing.

Register Today
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