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Antibody pharmaceuticals are produced in host animal cells and then separated from host cells and ce||4

derived components through a purification process (DownStream Process, DSP). This purification process

consists of a capture step using Protein A Chromatography (PAC), a virus inactivation step, 2-3 types of
chromatography steps such as ion exchange and hydrophobic interaction (polishing steps), and a virus filter
step, which highly removes impurities. Recently, the introduction of continuous processing has been considered
o improve the efficiency o . For example, in the step, Periodic Gounter Curren romatograp! y1_
(PGCC) has been proposed, which performs continuous sample loading and recovery using multiple columns. To_

connect multiple steps, it is necessary to analyze the characteristics of each step. Moreover, the evaluation

ethod for the entire continuous purification process has not been established. Therefore, in this study, we

attempted to develop an integrated purification process by analyzing the characteristics of each step of the

fication process. Furthermore, we demonstrated the developed process

anufacturing Practice (GMP) for pharmaceuticals and examined the evaluation method
In Chapter 1, the background and purpose of this study are described as an introduction, and the structure

of this article is shown

In Chapter 2, each step was changed to a continuous operation, achieving high yields of target antibody

ile meeting Impurity conteni criteria. Ihe first capture step was replaced batch chromatography with a

ing two columns A method was adopted to determipe the operating conditions of PCCC from exoerimental
data with a single PACAcqumn. For the virus inactivation step, batch operation was adopted due to difficultie
in scaling down and up and connection, as determined through experiments and analysis of a flow-type reactor
This tank also served as a batch pool tank and could function as a surge tank if necessary.

For the polishing steps, a mixed-mode anion exc anée and hydrophobic In eracvlon C romatograb y column, as|
ell as a cation exchange .»4".' were dire v onne -drin flow-through mode. A virus filtef was a|Sﬂ
Firectly connected to them, allowing these three steps fo be'performed as a singie step. This eliminated the
need for mobile phase exchange operations and reduced the number of pool tanks
In Chapter 3, the continuous processes developed in Chapter 2 were connected via a surge tank to create a

Integrated continuous Downsiream Process (ICDSP). As a result Of sIX Verification Lests On Lhe developed|

' ~ — |
culture fluid of 0.5-3.6 L/day could be continuously purified, and the impurity content of the purified fluid
eeting the criteria

In one of these verification tests, the culture process, which is the upstream process of antibody
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pharmaceutical production, was also changed tO @ CONLINUOUS Process Lo Integrate the entire manutactur Ing

brocess continuously.




In Chapter 4, demonstration tests of the icDSP developed in Chapter 3 were performed in a GMP facility. In
he demonstration tests, the continuous purification process and the continuous culture process producing 10
L/day of culture fluid were integrated via a surge tank for continuous production. The integrated continuous
roduction was operated continuously for three days, with both culture and purification running continuously
“lin parallel. Although the inflow rate from continuous culture fluctuated, the developed process could stapl
purify the product, and the impurity content of the purified fluid met the criteria
In Chapter 5, the efficiency of the developed process was evaluated from the perspectives of productivity|
and solvent usage. [t was found that solvent usage could be reduced by about 50% at the same productivity
ith PCCC compared to repeated cycle operations. In this study, the switching timing of the columns was set

at around 30% antibody breakthrough, but it was found that by setting it at 60% solvent usage could be

]
further reduced by 20% while maintaining the same productivity. Additionally, in this study, overnight

peration was not performed, and the virus inactivation solution was stored for 24 hours. However, it was
confirmed that shortening the storage time in this process could reduce the column size in the polishin

M
|

Finally, the conclusions summarize the findings obtained from this study and discuss future prospects and

.
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