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Real-time in-process quality control is critical to ensure consistent product quality in continuous manufacturing of
biotherapeutics. The key challenges include dealing with feed variability, equipment breakdown or process
errors without needing to stop the process or compromising on output product quality. We showcase the
deployment of control strategies for downstream unit operations in an automated continuous train for mAbs
including capture, viral inactivation, polishing and formulation at lab scale. Several control strategies are
automated and deployed for real-time control of the continuous train, including spectroscopy-based models for
control of concentration variations in capture chromatography, mechanistic models for pH control in viral
inactivation, pressure-based control of dead-end filtration, at-line HPLC for pooling decisions in polishing
chromatography, and integrated flux controllers for maintaining retentate concentration in single-pass tangential
flow ultrafiltration. The controls are facilitated by a system of surge tanks integrated with a distributed control
system (DCS) and a Python-based control script for continuous monitoring and automated control.

CONTINUOUS DOWNSTREAM MANUFACTURING PLATFORM FOR MABS
Distributed Control System and PAT control strategies at each unit operation to:
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|
[ |

Capture Chromatography: Viral Inactivation:
NIR-based control of titer Model-based in-line control of
variations on BioSMB pH variations
o
Depth
.

Continuous Perfusion Cell Culfure with
Alternating. Tangential Flow Filtration

Surge Tank

Single-Pass TFF:
NIR-based flux control to
maintain retentate concentration

Polishing Chromatography:
At-line HPLC for control of
charge variant pooling decisions

Inline pH adjust

8
8% 2EBEr

nm

Continuous CEX Chromatography  Contimious Viral [nacti
(BioSMB) G ]

Formulated Drug Product B G
md Dinfitration 1LD)

Surge Tank

Figure 1: Continuous downstream platform used in case studies showing the location of the PAT control tools

References:

[1] Rathore, A. S., Thakur, G., Nikita, S., & Banerjee, S. (2021). Control of Continuous Manufacturing
Processes for Production of Monoclonal Antibodies. In Process Control, Intensification, and Digitalisation in
Continuous Biomanufacturing (pp. 39-74). Wiley. https://doi.org/10.1002/9783527827343.ch2

[2] Thakur, G., Hebbi, V., & Rathore, A. S. (2020). An NIR-based PAT approach for real-time control of
loading in Protein A chromatography in continuous manufacturing of mAbs. Biotechnology and Bioengineering,
117(3), 673-686.

[3] Thakur, G., Thori, S., & Rathore, A. S. (2020). Implementing PAT for single-pass tangential flow
ultrafiltration for continuous manufacturing of mAbs. Journal of Membrane Science, 613, 118492.

[4] Thakur, G., Ghumade, P., & Rathore, A. S. Model-based real time control of pH between capture
chromatography and viral inactivation for mAb production. Journal of Chromatography A, 2021

Thakur, G., Nikita, S., Tiwari, A., & Rathore, A. S. (2021). Control of surge tanks for continuous manufacturing of

monoclonal antibodies. Biotechnology and Bioengineering, 118(5), 1913—1931.

Poster Number 11


mailto:thakur.garima1995@gmail.com
mailto:bandopadhyay93@gmail.com

