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[Introduction]

The rapid expansion of biopharmaceutical market is changing the environment of production
processes. In antibody production, continuous technology such as perfusion cultivation is being
intensively researched as an alternative to conventional batch technology. The requirements for
economic efficiency, product quality, supply robustness, and environmental impacts are becoming
more stringent. Towards realization of advanced manufacturing processes of biopharmaceuticals,
an integrated design framework is necessary that allows holistic consideration of various

technological/process alternatives from multiple evaluation perspectives.

The objective of this project was to establish a framework for designing advanced
biopharmaceutical manufacturing processes. Mathematical models were developed for key
technologies in upstream (cultivation) and downstream (purification) processes (e.g., perfusion
cultivation and continuous chromatography purification) and for evaluating economic performance

product quality, supply robustness, and environmental impacts. Data and information obtained from
Kobe GMP consolidated lab facility of Manufacturing Technology Association of Biologics were used

in the research.

[Framework development]

First, the requirements of the framework were analyzed through intensive research discussions
with industrial and academic experts and literature survey. As a result, the process system for
antibody production was mapped out and the alternatives were listed. The focus on the cell
cultivation modes (batch, fed-batch, and perfusion) and purification modes (batch and continuous)
were confirmed appropriate. Also, the importance of economy, quality, supply, and environment was
confirmed in terms of evaluation items. A review paper based on these analyses was published
(Badr & Sugiyama, Current Opinion in Chemical Engineering, 2020, Open Access

https://doi. org/10. 1016/ j. coche. 2020. 01. 003).

Second, mathematical models were developed for the key technologies in cell cultivation and
purification processes. For cultivation, models were developed that can describe physical
phenomena such as cell growth and metabolism, based on the experimental results from Kobe GMP
consolidated lab facility. For the purification, we constructed a set of simple models for
investigating various alternatives in the sequence of purification processes. In addition, capture
purification was focused, and simulation models for robustness analyses were set up. These
mathematical models were implemented as computer programs to conduct simulations. The results
were partly published in a conference proceeding (Badr et al., Computer Aided Chemical Engineering

2020, https://doi.org/10. 1016/B978-0-12-823377-1. 50269-X).

Third, evaluation models were created regarding the aspects of economy, quality, supply, and
environment. For the cultivation process, the above models were used for calculating the
evaluation indices such as operating cost, product quality, and environmental impact with respect
to the process alternatives. For the purification processes, various combinations of unit

operations were evaluated using the simple model using economic and productivity indicators.
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Furthermore, the robustness of the capture chromatography process was analyzed in the light of

the interconnection with the cultivation process.

Lastly, the design framework was represented as an activity model using Integrated DEFinition
type 0 (IDEF0). The entire activity was defined as “Design cultivation and purification processes
using simulation technology.” Sub-activities were analyzed, with defining the abovementioned
models as the new mechanisms for executing the activities. The interactions between experimental
and simulation studies were featured. As the final outcome of the project, we obtained a framework

that satisfies the requirements identified initially in the project.

[Conclusions and outlook]

We created a design framework for advanced biopharmaceutical manufacturing processes. Mathematical
models were developed for simulating the important technologies in cell cultivation and
purification processes. Also, models for process evaluation were developed considering the aspects
of economy, quality, supply, and environment. The developed framework was represented as a
hierarchical activity model, with the developed models as the new mechanisms to execute the
activities. One of the future research opportunities would be to expand the application scope of
the developed models. Further collaboration between simulation and experiment is desired to

enhance advanced manufacturing of biopharmaceuticals using digital technology.



