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Introduction
The number of monoclonal antibodies, their derivatives and
other therapeutic proteins in the drug development pipelines
is continuously growing in the last years (1). Fast and costeffective bioprocess development and scale-up are needed
to bring new products quickly into clinical studies. Process
platforms can be used for many protein formats while others
require customized processes. As a prerequisite for competitive
bioprocess development, a rapid but reliable timeline is
indispensable, balancing both individual process development
as well as experienced platform technologies. Especially

Contract Development and Manufacturing Organizations
(CDMOs) such us Rentschler are challenged to develop
optimal processes for the different protein projects of their
clients. In the following is described how upstream processing
(USP) development, process scale-up, optimization and
confirmation prior to production under GMP conditions are
realized at Rentschler. With respect to the clients' project
status, USP development services comprise a broad range
of tailored solutions, from fast process transfer to detailed
process characterization studies.
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Fast Bioprocess Development
With more than 40 years of experience, Rentschler offers a
solid expertise in CHO (Chinese hamster ovary) cell systems
and holds a broad portfolio of cultivation strategies including
medium compositions and feeding regimes at various scales.
In order to minimize time efforts and costs of bioprocess
development, the cell culture approaches are continuously
optimized. Several standard methods which exhibit a high
degree of successful implementation are built up, even
though leaving enough space for further improvements. In
this context, standard or generic methodologies are defined
by Rentschler‘s experience and distinct laboratory work
instructions, analogously to standard operation procedures
(SOPs) in GMP manufacturing. Many projects of early clinical
trials adhere to critical timelines and therefore, Rentschler‘s
platform techniques offer a tight realization plan of less than
a year for process development ready for GMP manufacturing.
Figure 1 illustrates the general scheme for a rapid generic
bioprocess development.

The USP development work usually starts with the handover of
the cell line. In addition, the Rentschler TurboCell™ system may
be chosen by the client. This CHO-K1-based cell line relies on
a site-directed chromosomal integration of the gene of interest
and thus, significantly reduces cell clone selection time as
compared to random integration events.
Most of the biopharmaceuticals are produced by a robust
fed-batch process with an average duration of 12-14 days. The
generic Rentschler fed-batch process is simple and consists of an
easy-to-handle feeding strategy without complex calculations or
critical steps. However, continuous cultivation for several weeks
is possible as well, including GMP production with bioreactor
volume exchange rates of up to 1500 liters per day. In addition,
special biopharmaceuticals such as proteins with toxic effects
can be produced in perfusion processes. For this, two different
cell retention systems were established at Rentschler‘s GMP
production facility, i.e. centrifugation and microfiltration.

Figure 1. Standardized bioprocess development.
Rentschler‘s generic USP development procedures for fed-batch and perfusion processes allows a seamless implementation of
the clients‘ requirements for rapid scale-up to manufacturing of novel drug substances. First process parameter evaluation takes
place before process confirmation, and detailed characterization studies or critical raw material tests on performance or critical
quality attributes typically follow in later project phases. The black dotted line indicates the reduced timeline for the transfer of
clients‘ bioprocesses to Rentschler.
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Customized Process Design

Usually, the process parameters are finalized in two fed-batch
confirmation runs or an optimization perfusion run, respectively.
If the experimental data are satisfactory and reproducible, a final
consolidation run is performed prior to transfer to the production
site. The first production run is typically an engineering run to
check the process parameters at large scale before the first run
under GMP conditions starts. To rule out any negative scale-up
effects, a satellite bioreactor comprising exactly the same medium,
feeds and additives, as well as precultures is operated in the USP
development laboratory simultaneous to the GMP production run.
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In the early process development stage, flexible parameter settings
and specific experimental studies will help to quickly decide on
the basic cultivation type, i.e. fed-batch or perfusion, single-use
or stainless steel bioreactors, etc. The process scientists always
keep in mind that the bioprocess must be unconditionally scalable
to production size and process parameters are defined accordingly.
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The process design primarily depends on the depth of current
knowledge, e.g. whether USP experience with the cell line already
exists or whether data on comparable cell lines with a similar product and analog cultivation conditions are available. In addition to
Rentschler‘s generic CHO cell line development, individual cell lines
and cultivation strategies established at the client‘s facility can be
transferred to Rentschler as well. Moreover, clients benefit from
Rentschler‘s extensive knowledge on proteins with difficult gene
expression and/or negative impact on the host cell‘s physiology.

Figure 2.
Example of applying generic development strategies.
A typical example of standard bioprocess development
within five months from the first DoE-derived cultivation
experiments to the first GMP run. It should be noted that
the duration is the net laboratory work and does not
include documentation procedures, regulatory affairs or
quality assurance issues. The reproducible scalability is
shown well by similar product titers of the satellite (10 L)
and GMP production (1000 L) bioreactors.

Process Transfer and non-GMP Production
The implementation of a standard process design enables the
transfer to GMP production in less than four months. However,
preliminary data from the clients‘ work are often available
and in order to save time, only one consolidation run after one
feasibility run (optional) are conducted in the USP development
laboratory to accelerate the transfer to manufacturing scale.

Without accompanying paper work or quality control issues,
this can be as fast as eight weeks if the critical quality
attributes (CQAs) of the product are acceptable. Nevertheless,
at any point of USP development, process parameters can be
evaluated to improve CQAs in agreement with the clients‘
needs.
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Process Characterization and Optimization
A key feature of the USP development and manufacturing at
Rentschler is the continuous analysis, adaption and optimization
(where required) of every bioprocess. To accomplish this in a
highly professional manner, various QbD (quality by design)
tools are intensively employed to control operational and
performance parameters.
According to the strict pharmaceutical regulations in Europe
and the United States, distinct conditions of manufacturing
clinical materials must be fulfilled. In general, the later the
developmental phase of a biopharmaceutical, the more
demanding are the production conditions. Thus, the latest
starting point for detailed process characterization studies is
the transient phase for manufacturing clinical phase III drug
substances. Based on prior knowledge and the defined CQAs,
a detailed risk assessment helps to identify critical process
parameters (CPPs). These parameters are experimentally
analyzed by OFAT (one factor at a time) or DoE (design of
experiments) approaches, PAR (proven acceptable range)

and robustness studies. The obtained results are statistically
evaluated using tools like multivariate data analyses to gain
detailed knowledge of the bioprocess. The overall objective is
to comprehensively understand and control the process prior to
process validation at large scale.
The performance variables constitute the basis for defining the
operational (input) parameters to ensure optimum cell growth
and protein production in terms of both quality and quantity.
Thorough insights into the effects of each process parameter
variation and above-average knowledge on how growth
conditions influence the process are very important, particularly
for producing biosimilars. For process characterization studies,
intensity and quantity of experimental efforts to be spent on
optimizing the bioprocess are chosen according to regulatory
guidelines and the clients‘ requirements. As a matter of course,
various reports and documents are prepared by the process
scientists in agreement with the client.

Conclusions
On the one hand, Rentschler‘s USP development comprises
various well-established platform technologies, which enable
fast scale-up and transfer to manufacturing under GMP
conditions. On the other hand, based on the long-term
experience in process development, a wide range of tailored
solutions for the implementation of customized bioprocesses
can be offered, and process transfer to Rentschler exhibits a
broad flexibility. Depending on the clinical phase of the product,
process parameters are analyzed and optimized by diverse QbD
strategies for detailed process characterization and optimization.
Within one company and closely collaborating scientists and
engineers, processes are transferred from the USP development
to GMP production in a fast and effective manner.

(1) Biotech-Report Medizinische Biotechnologie in Deutschland 2017, vfa bio and BCG 2017, p. 13
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