From R&D to Production: How the Bioreactor Choice
Can Streamline Biologics Scale-Up

Transferring a biologic candidate from
the research and development phase to
commercial production usually requires
increasing the working volume of the
upstream bioprocess. During scale-up,
process performance optimised at small
scale needs to be reproduced at larger
scale, ideally without much need for
process optimisation at large working
volumes. This requires reproducing the
cells’ growth environment across scales.
In this article we discuss why certain
bioreactors’ engineering parameters
are critical to make this possible and
demonstrate, how we scaled-up a cell
culture process for mAB production
from research to pilot production
scale, using single-use bioreactors at
all stages.

Developing new biologics in a commercially
viable manner requires monitoring of
development costs and time to market. An
integral part of biologics manufacturing is
the upstream bioprocess, during which cells
are multiplied in bioreactors and allowed
to express the protein of interest. Process
scale-up strongly determines upstream
bioprocess performance. To achieve this goal,
streamlined process transfer is implemented
to reproduce the product titers and quality
which have been optimised in small working
volumes at production scale.

Can we reproduce the cells’ growth
environment at different scales?

Various parameters define the cells’
growth environment in a stirred-tank bio-
reactor, such as the concentration and
distribution of nutrients, the dissolved
oxygen concentration, and shear stress.
These parameters relate to the bioreactor’s
capabilities: Gassing devices, gas flow, and
culture mixing influence the DO and shear
conditions. The culture mixing determines
the distribution of nutrients.

To streamline scale-up, bioengineers
commonly use bioreactors with similar
geometries at all scales and keep one or
more physicochemical parameters constant
between vessels of different sizes, such as
the volumetric mass transfer coefficient

(k.a), power input per volume, tip speed or
mixing time.

Keeping one process parameter
constant will change others. Therefore,
we can only partially reproduce the cells’
growth environment at different scales. The
bioengineer must identify the parameters
which influence cell growth and productivity
most, to decide, which scale-up strategy is
the most suitable. In aerobic bioprocesses
the key parameters are typically oxygen
mass transfer, carbon dioxide removal,
mechanical stress, and mixing quality.

Scale-up strategies

Constant power input per liquid volume
(P/V): Keeping the power input per volume
constant is probably the most widely
applied strategy for scale-up, because the
mechanical shear stress, mixing quality,
oxygen mass transfer, and carbon dioxide
extraction in aerobic cultivations all depend
on the specific power input. Calculating P/V
requires the bioreactor's power number.

P/Vis calculated as follows: P/V=(Np x p
x N3d®)/V, with Np being the impeller power
number (also known as Newton number),
p: DI water density (kg/m3), N being the
agitation speed (rps), d being the impeller
outer diameter (m), and V being the full
working volume (m3). Np is a dimensionless
number associated with different types of
impellers and needs to be determined
for each vessel type used in the scale-up
workflow.

Constant tip speed: The impeller tip speed
correlates with the velocity of the fluid at the
tip of the impeller and therefore is related
to the shear force to the cell or biologic. The
impeller tip speed equals mx d x N, with d
being the impeller outer diameter and N
being the agitation speed. The tip speed
range of a vessel can therefore be easily
calculated from the impeller outer diameter
and the agitation speed range, which are
known from the vessel specifications.

Constant k a: The ka determines how
much oxygen is transferred to the culture
medium. Being able to reproduce the k a
of the small-scale bioreactor at larger
scale is a prerequisite to avoid oxygen

being a limiting factor for cell growth.
The k a depends on various parameters,
including the gas flow rate, the sparger
type, the agitation speed, and properties
of the culture medium. Hence, it depends
on the operating conditions and keeping
constant the k a across scales is labor
intensive: k a values under many conditions
need to be measured and determination
of k a in real-time may be required. The
bioreactor k a can be determined following
a protocol recommended by the DECHEMA®
expert group for single-use technology in
biopharmaceutical manufacturing!

Constant mixing time: Various parameters,
among others the agitation speed and
impeller type, influence the mixing time. The
mixing time describes, how long it takes to
homogeneously distribute liquids, which are
added to the culture medium, such as pH
agents and feed solutions. The mixing time
needs to be experimentally determined.

Scaling up from research to production
scale using single-use bioreactors
Whichever of these scale-up strategies
the investigator chooses, two important
considerations need to be taken into
account. First, the tip speed range, k a
range, and the P/V range, respectively, of
the differently sized bioreactors need to
overlap to some extent to be kept constant
across scale. Second, information on certain
vessel engineering parameters is required
to define this overlap.

Upstream bioprocesses are usually
developed at small scale and subsequently
scaled-up to large production volumes.
Today, single-use bioreactors are often
favoured in the development and manu-
facturing of biologics, due to their
advantages with respect to turn-around-
time and sterility. In a proof of concept
study we developed a cell culture scale-up
workflow, which uses single-use bioreactors
at all stages from bench to pilot production
scale. To cover this range, we used two
single-use hioreactor product lines: BioBLU®
c Single-Use Bioreactors from Eppendorf
and Thermo Scientific™ HyPerforma™ 5:1
Single-Use Bioreactors (SUBSs). The BioBLU ¢
product line comprises five differently sized
vessel types, together covering working
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A: BioBLU 3c Single-Use Bioreactor (left) and BioBLU 10c
Single-Use Bioreactor.

volumes from 100 mL to 40 L. The Thermo
Scientific HyPerforma 5:1SUB line comprises
six differently sized single-use bioreactors,
together covering working volumes from
10 L to 2000 L.

For our study we used the following

selection of the available vessels:
+  BioBLU 3c Single-Use Bioreactor

(3 L working volume),

BioBLU 10 c Single-Use Bioreactor

(10 L working volume),

Thermo Scientific HyPerforma 50 L

SUB (40 L working volume)

Thermo Scientific HyPerforma 250 L

SUB (150 L working volume).

We controlled the BioBLU c Single-Use
Bioreactors with a BioFlo® 320 hioprocess
control station (Eppendorf) and the
Thermo Scientific HyPerforma Single-Use
Bioreactors with a BioFlo 720 bioprocess
control station (Eppendorf) (Figure 1).

For the scale-up strategy we selected
the option of maintaining a constant

P/V. The power numbers of the BioBLU ¢
Single-Use Bioreactors, which we needed
for P/V calculation, we had experimentally
determined in an earlier study.? The
power numbers of the Thermo Scientific
HyPerforma SUBs were provided by the
manufacturer. We aimed ata P/V of 20 W/m?
at all scales. To calculate the corresponding
agitation speed at the desired working
volumes, we used the Scale Up Assist
software feature of the BioFlo 320 and
720 controllers. It is auto-populated with
the vessels’ power numbers and impeller
diameters and from these values calculates
the agitation speed which results in a P/V
of 20 W/m? at a selected working volume.

Keeping constant P/V and using the
process parameters summarised in Table 1,
we scaled-up a CHO cell culture bioprocess
for mAB production from 3 L to 10 L in
BioBLU Single-Use Bioreactors and further
up to 40 L and 150 L in Thermo Scientific
HyPerforma SUBs. A detailed description
of the materials and methods has been
previously reported.?

Bioreactor BioBLU 3¢ BioBLU 10c 50 L SUB 250 L SUB
Controller BioFlo 320 BioFlo 320 BioFlo 720  BioFlo 720
Working 3L 0L 40 L 150 L
volume
Agitation 151 rpm 126 rpm 169 rpm 99 rpm
Temperature 37 °C
DO Sensor polarographic sensor
DO Setpoint 50 %, (P= 50 %, (P= 50 %, (P= 50 % DO,
2;1=0.09) 2;1=0.09 255 = (P=1; 1=
0.09) 0.1

pH Sensor potentiometric sensor
pH Setpoint 7.0 (deadband = 0.1), cascade to CO, (acid),

. ) . cascade to 0.45 M sodium bicarbonate (base)

B: BioFlo 320 bioprocess control station
Target 0.5 x 10¢ cells/ mL
Inoculation
Density
Gas strategy 3 —gas auto mixing
Gassing 0.04 SLPM  0.04 SLPM  0.04 SLPM  0.04 SLPM
range - 1SLPM —1SLPM -13.33 —50 SLPM
SLPM

Table 1- Overview of process configurations and setpoints for all cell culture runs

Comparable cell growth and antibody
production from 3 L to 150 L

The cell growth curves for all four vessel
sizes are shown in Figure 2. By using the
parameters calculated by the BioFlo 720
Scale Up Assist feature, we could match
the growth profiles across all platforms in
multiple batch runs. All runs yielded similar
IgG production values when they reached
completion (Figure 3).

C: BioFlo 720 bioprocess control system with 250 L SUB.

Figure 1: Bioprocess equipment used in this study.
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Figure 2: Cell culture comparison of BioBLU Single-Use Bioreactors to SUB system (50 L and 250 L)
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Figure 3: Antibody production for scale-up runs
Conclusion and mixing systems by using experimental

In these investigations we performed
a proof of concept study for scaling up
a mAB production process from bench
to pilot-production scale using single-
use bioreactors, based on constant P/V.
The BioBLU ¢ Single-Use Bioreactor and
Thermo Scientific HyPerforma 5:1Single-Use
Bioreactor product lines were appropriate
for our project, because they covered our
desired working volume range and all
information on the bioreactor parameters
required for scale-up strategy design were
available.

By applying this platform, we were able
to replicate cell growth and mAB production
at working volumes from 3 L to 150 L.
While we did not fully exploit the working
volume range covered by the BioBLU c and
HyPerforma Single-Use Bioreactor lines, in
principle it should be possible to facilitate
upstream bioprocess scale-up from 100 mL
t0 2000 L.
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