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Currently, more than a third of total sales in the pharma-
ceutical market are attributable to biopharmaceuticals.
Monoclonal (recombinant) antibodies (mAb) are one of the
best-selling groups of biopharmaceuticals. They are most
commonly used to treat cancer, followed by inflammatory
diseases, hemophilia and diabetes.'?

In this comprehensive success story, we offer a detailed
overview of how our products have been successfully ap-
plied in process development, piloting and GMP produc-
tion. To illustrate this, we focus on a specific case study
involving @ mAb process at one of our major and lon-
gest-standing customers.*

Monoclonal antibodies - a strong growth market

In 2021, the global mAb market was valued at USD 186 bil-
lion. The North American mAb market, with a market share
of 46.2%, continued to expand in 2022. According to a re-
port by Future Market Insights (FMI), the global demand for
monoclonal antibodies will increase at a compound annual
growth rate (CAGR) of 12% during the forecast period be-
tween 2022 and 2032, reaching a total of USD 647.01 billion
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*Forlegalreasons, we are not permitted to disclose the name and location of the customer.

in 2032. In order to meet the increasing demand for thera-
peutic recombinant proteins, the development and im-
provement of reliable technologies for their efficient pro-
duction is indispensable.’

Monoclonal antibody expression systems

With the advent of recombinant DNA technology in the
1970s, the first recombinant therapeutic protein Hu-
mulin® (human insulin) was expressed from Escherichia
coli.*The main advantages of recombinant DNA technol-
ogy are the safe and cost-effective expression of human
proteins in host organisms with reduced immunogenicity
and the expression of modified protein variants with im-
proved function and specificity, resulting in more reliable
products overall.® Recombinant protein therapeutics are
produced by either prokaryotic or eukaryotic expression
systems. Approved cellular host systems for heterolo-
gous protein expression include, for example, Escherich-
ia coli, Saccharomyces cerevisiae, Chinese hamster ovar-
ian cells (CHO), baby hamster kidney cells, human
embryonic kidney cells, human retinal cells, and mouse
myeloma cell lines NSO and Sp2/0.%®
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The majority of approved recombinant proteins are pro-
duced in mammalian host systems. Post-translational
modifications (PTM) may affect the stability, production
volumes, pharmacokinetic and pharmacodynamic behav-
ior, safety, and immunogenicity of recombinant protein
products.? The most common PTM is glycosylation. The
ability of the host system to perform correct glycosylation
is an important criterion for selection. Mammalian expres-
sion systems are often chosen for their ability to synthe-
size therapeutic proteins with complex glycan structures
(Hlustration 1).78 However, the cultivation of mammalian
cellsis difficult and expensive compared to non-mammali-
an cells as they grow comparatively slow and also produce
relatively little protein.
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Illustration 1: Use of mammalian cell expression systems compared to
non-mammalianin the specified time periods for the manufacture of the ap-
proved biopharmaceutical products. Figure from Walsh G., 2018.

Automation and digitalization to increase production
The main goal of optimizing biopharmaceutical processes
is to increase the yield while maintaining a constant quali-
ty. Since protein synthesis is still marked by many manual
steps, there are many attempts to completely automate
production processes. Automation increases the efficien-
cy and yield of the processes, reduces costs, and ensures
continuous quality.®

A success story with a long tradition

Ourlong-standing customer, whom we have been support-
ing with our technologies for many years, is active in the
development and production of monoclonal antibodies us-
ing recombinant CHO cells. The cooperation already began
in the 1990s, when our company (at that time named Bio-
spectra AG) developed automation solutions and the first
online analytical systems in process development. At that
time, the computerization of biotechnology laboratories
was still in its infancy and there were few solutions on the
market. In 1993, Biospectra began to develop the Lucullus®
software for data acquisition and advanced control of bio-
processes. The customer purchased this early Lucullus®
version and used it for data acquisition and process con-
trol. The idea behind the software development was to

securecell.ch

complement the automated sampling systems, the fore-
runners of today’s Numera® system (lllustration 2). Thanks
to the intensive cooperation with the customer, the func-
tionality of Lucullus® has been adapted to the needs of the
pharmaceutical industry . This cooperation has continued
until today and has made a significant contribution to the
extensive range of Lucullus® functionalities available to-
day. Over time, new devices have been integrated and fur-
ther process steps have been facilitated, such as sample
management or shake flask cultivation. Over the last years,
the customer has greatly expanded its Lucullus® orches-
trated process development department. The complete
installation now includes more than 100 bioreactors and
equipment. Lucullus® is also used at other company loca-
tions and connects researchers from several countries via
a uniform platform.

Unified technology - from process development

to market production

In 2001, the first GMP pilot plant for the production of
monoclonal antibodies on a scale of 1,000 liters was built
at the customer’s headquarters. Due to the many years of
cooperation and the positive experience, the customer
decided to implement our technologies. The decision to
use Lucullus®as a central data management and process
control system was based not only on the comprehensive
functionality and proven robustness of the system but
also on the simplified and compatible data exchange
with the process devel- :
opment departments be-
tween the different loca-
tions. This was the first
time Lucullus® was ap-
plied in a GMP environ-
ment and marked a mile-
stone in Securecells’s
company history.

In 2007, after several ex-
pansions and moderniza-
tions of the existing culti-
vation facility, an even
larger facility with higher
capacity was built in an-
other building at the same
site to meet the increas-
ing demand for produc-
tion batches for clinical
trials. The new GMP pilot
plant included a cell cul-
ture line with 3000 liter
reactors. As soon as the
plant was completed, a
second identical produc-

[llustration 2: On-line HPLC system
(Biospecta, 1998)
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Illustration 3: Plant control and process monitoring in production with Siemens WinCC and Lucullus®.

tion line was built, doubling the capacity again. In both
new plants, our technologies were implemented as well.

Tailor-made automation for a validated environment

In the course of several modernization steps, the latest
technologies were always implemented. A particularly
noteworthy innovation of this installation is the use of bio-
mass sensors (Aber Instruments Ltd.), which are used on
an industrial scale; one of the first of its kind. Initially, the
capacitance measurements were only recorded and com-
pared with the manual cell counts (lllustration 4). After an
intensive evaluation of the data and comparison with the
measurements from the smaller scales of development,
the measurement method was perfected and finally vali-
dated over the years together with Aber Instruments. Since
then, the signals have been used to control supplementary
feeding with Lucullus®.

Owing to this online measurements, further process steps
such as temperature or pH changes of the respective pro-
duction processes were automated and the processes
were validated, so that today the entire process can run
largely free of manual interactions. This is particularly im-
portant in order to be able to operate the plants during the
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night and over the weekend with little personnel expendi-
ture and to make as much use of them as possible. The
programming has been designed in such a way that chang-
es to the recipe or product changes can be implemented
without additional validation effort. Our engineers were
always involved in the implementation in order to support
the customer in the best possible way (lllustration 5).

The use of Lucullus® enables the GMP-compliant data re-
cording and extended process control in the validated en-
vironment and also supports the regulatory documenta-
tion of the processes and archiving of all relevant data.
These range from measured variables, off-line data, audit
trails, to manual log entries. The entire report creation
with comprehensive tables and graphs was just as auto-
mated as the process management itself.With the intro-
duction of the REST-API interface, it became possible to
track the processes online via a web interface (lllustration
6) from outside the plant - regardless of location.
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Illustration 4: Online measurement of capacity with ABER biomass probes(left)and offline measurement data of cell density - comparison of 3 production processes

BEGIN

WAIT FOR CULTIVATION

ASK FOR USER INPUTS

BEGIN PARALLEL BLOCK

TEMPERATURE SHIFTS pH SHIFTS

TEMP SHIFT 1 TEMP SHIFT 2 FEED 1 pH SHIFT 1 pH SHIFT 2 pH SHIFT 3

FEED 2

END PARALLEL BLOCK

Illustration 5: Lucullus® automated process step chain with flexible recipe.
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Illustration 6: Process comparison via the web application

From pilot plant to commercial production

In view of the steady increase in global sales of the prod-
ucts and limited production capacities, the customer de-
cided in 2018 to convert the two plants for market produc-
tion. This change was successfully validated, and since
then, products for the global market have been manufac-
tured at this site. The transition from piloting to commer-
cial production required comprehensive validation of all
processes. We have accompanied the customer in every
step of the validation, and Lucullus® has overcome these
challenges smoothly.

Soon the launch of the two commercial production plants,
their capacity was no longer sufficient to meet market de-
mands and so a further expansion with the aim of doubling
the capacity once more is currently being implemented.
Thanks to the scalability of Lucullus® and the higher-level
functionality, which can be applied to all systems and pro-
cesses, there is nothing standing in the way for success of
this project.
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Conclusion and outlook

Process development, piloting, and production of mono-
clonal antibodies rely on robust automation and overarch-
ing data management encompassing a wide variety of data
sources. Lucullus® has proven itself as a comprehensive
software solution covering functionality that ranges from
data recording, advanced process control, to tailor-made
evaluation, reporting, and convenient web-based monitor-
ing. Lucullus®also meets all requirements of FDA quideline
21CFR Part 11.10

For more than 30 years now, we have been supporting this
customer with our know-how for automation and digitiza-
tion solutions. Our specialists manage one of the largest
Lucullus® installations with a large number of servers and
connected devices, such as sensors, controllers and ana-
lyzers, to ensure comprehensive digitization of data and
automation of processes.

The close cooperation between the users and our develop-
ersisallegorical of the positioning of Securecell AG: We do
not simply offer products, but comprehensive solutions
that constantly evolve with the needs of the customer.
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1995
Erste Lucullus®
Installationin F&E

2001
Erste GMP Pilotanlage
(1000 L Massstab)

2007
Zweite GMP-Pilotanlage
(3'000 L Massstab)

2018
Umstellung auf
kommerzielle Produktion
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1998

Erstes on-line HPLC
System (F&E)
2006

Erweiterung der ersten
GMP-Pilotanlage

2009
Dritte GMP-Pilotanlage
(3'000 L Massstab)

2022
Verdoppelung der
Produktionskapazitat
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