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What is perfusion?

In cell culture, perfusion is a process that uses

a method to keep cells in a bioreactor while

continuously exchanging culture medium. Fresh

medium replenishes nutrients and carbon sources,
while cellular waste and medium depleted of
nutrients are removed. This exchange of medium is
commonly expressed as the number of operating
vessel volumes per day (VVD). For example, if

2 L of medium is being perfused daily into a
system with a 2 L working volume, this would be

expressed as 1 VVD.

For suspension culture, there are two primary cell
retention methods: filtration and settling. Filtration
methods, like tangential flow filtration (TFF), cycle
medium from the reactor through porous hollow

filoers. Cells are too large to pass through the

nollow fiber membranes and hence cycle back into
the reactor vessel as spent medium (permeate)
flows across the membrane. Settling methods

use nonturbulent flows to allow cells to settle ana

accumulate. This portion of the flow is cycled
back to the reactor to retain cells with the rest
going off as spent medium. Settling methods are
generally impertect at retaining cells, resulting in
some cell removal (often referred to as bleed) in
the spent medium. Retention mechanisms are
selected based on the process needs; settling

methods may have reduced costs and lower

risk of system fouling, whereas filtration methods
that allow 0.2 pm filters provide fully clarified
permeate that can immediately be linked to further

downstream processing.

Comparison of cell retention methods
The two methods for suspension cell culture
retention, settling and filtration, have different
advantages and disadvantages that need to be
considered.

Settling methods
Examples:
e Passive

e Acoustic
e (Centrifugation

Advantages:
e Potentially lower cost

e Potentially lower risk of system fouling

Disadvantages:
e |mperfect efficiency—some cells will be lost
IN spent medium

e (Can be difficult to hit specific
operation scales

e Passive settling may take too long and
impact cell culture performance

Filtration methods
Examples:
e [angential flow filtration (TFF)

e Alternating tangential flow filtration (ATF)

Advantages:
e Scalable

e Potential for permeate to be directly linkead
to downstream processing

e Perfect cell retention allows for full control of
cell bleeding depending on process needs

Disadvantages:
e May require higher cost than comparable
settling methods

e May increase risk of fouling



Advantages of perfusion

There are many advantages to using perfusion, e Scalable commitment—Faster and easier
including flexibility, low cost, improved quality, facility builds allow for investing and expanding
and speed. production as needed.
Flexibility Improved quality
e High-quality production on demand— e |mproved lot control—Option to logically define
High-quality production is achieved with a lots reduces process risk.
smaller footprint than with a traditional fed-batch o process control—Lower product retention time
process (both upstream and downstream). VWWhen and the potential to run a continuous operation
perfusion Is paired with single-use technology, allows for better process control and minimal
it becomes easier to implement the workflow delay through product production, refinement,
to produce what is needed when it is needed. and completion.

Users can easily switch between product runs
using the same equipment. Speed to market
e Potential for faster production of clinical

e Scalable commitment—Perfusion allows the

end user to start with a smaller commitment doses—Pertusion can generate significant

and, if justified, expand quickly allowing for lower product volume with only minor process scale-

capital risk on investment up. This can reduce time and effort needed to

generate enough doses for clinical testing.
e Easier technology transfer—Meeting

technology transfer needs and replicating e Better process control—Easier achievement

of consistent quality can lead to faster process

workflows Is easier with a physically smaller

process that has potentially fewer steps and less development.

scale-up compared to fed-batch methods.

Low cost
e Simplified logistics—Smaller equipment leads
to a smaller process footprint, including capital

expenditure, utilities, facility build, and cost

of goods.




N-1 medium comparison: perfusion vs. fed-batch
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Figure 1. Operation of two clones in Gibco™ High-Intensity
Perfusion CHO Medium, compared to operation in a fed-batch
medium. Faster cell growth and higher viable cell density (VCD) are
achieved with N-1 perfusion.
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Figure 2. Concentrated fed-batch perfusion used to
increase product titer more than 41-fold vs. simple (glucose
only) fed-batch operation. Fed-batch perfusion improved titer
more than 5-fold.




Cell health profile, 3L, 1 VVD

50 100
A
4 A A R Sl S GRS A
50 Vessel 1, VCD A
N 30
Vessel 2, VCD A——p
75' 40 A— \essel 1, % viability A—A :
P A— Vessel 2, % viability 4 60
[,
: 3
o 30
— Cell health profile, 3 L, 1 VVD
X ey e 0 40
8 2@0 Vessel 1, VCD A 80
> Vessel 2, VCD 4 A—p
’TET 40 a— Vessel 1, % viability A A
% A— Vessel 2, % viability & t60 % 20
%1 (30 g
E 40
S 20
S
o 20 O
N 5 10 15
0 .
To 5 Days frominoculation

Days from inoculation

Figure 3. Intensified fed-batch run at 1 VVD. Peak VCD doubled over a typical fed-
batch process. Total product production increased 7 times over that of a fed-batch run
(not shown).
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Figure 4. Continuous perfusion used to generate a stable
VCD of 90 x 10° cells/mL and 95% viability at 1 VVD
medium exchange. Steady-state production was achieved at
1.2 g/L per day (not shown). A fed-batch run with this cell line
typically achieves 3.2 g/L over a 14-day production run.
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Additional resources

For additional resources go to thermofisher.com/perfusion

| _ _ ThermoFisher
Find out more at thermofisher.com/perfusion SCIENTIFIC
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https://www.thermofisher.com/us/en/home/life-science/bioproduction/gibco-bioprocessing/cho-media/gibco-perfusion-medium.html?cid=fl-perfusion
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