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 The biopharmaceutical industry has an annual sales for

recombinant therapeutic proteins of more than $200 billion.

 While biopharmaceuticals may be one of the most complex

and profitable high-technology products, the fundamental

aspects of manufacturing have not changed in decades.

 There is a growing interest in realizing the benefits of

continuous processing in biologics; Biologics are forecasted

to grow at a 9% compound annual growth rate (CAGR) and

reach $326 billion sales by 2022

Introduction



The Biopharmaceutical industry is challenged with the needs

Therefore, recently the industry has been focusing 

more attention on innovative manufacturing solutions

productivity

efficiency

accelerate speed to 

clinic and market

Deloitte, “Advanced Biopharmaceutical Manufacturing: An Evolution Underway,” (2015).



 The market for single-use technologies is growing. In a recent survey by

Bioprocess International on behalf of BPSA (Bio-Process Systems Alliance),

the biggest market driver for switching to single-use technologies is the

elimination of cleaning and sterilization cycles.

 According to BCC Research, the global SUT market was valued at just $1.7 billion for

2014. This market is forecast to grow to more than $3 billion by 2019, to register a

healthy 5-year compound annual growth rate (CAGR) of 11.7%.

 The biggest increase will come in the disposable mixing systems segment.

 This market is forecast to jump to $301.3 million by 2019.

 Last year presentation at HI2017



Companies turn to single-use technologies because they 

want more flexibility with varied batch sizes, faster 

processing times and more efficient unit operations. 

Reducing water consumption

Ability to run multi-molecules in the same facility

Small-scale commercial

production with low

numbers of batches per

year

Some Examples
 WuXi Biologics, CMO producing 

antibodies and proteins. Supplied

by Merck Millipore

 Shire’s Lexington facility has installed 

a 2000 L commercial Single use 

Bioreactor.

 Roche Diagnostics GmbH (Mannheim, 

Germany) recently implemented a 

single-use assembly (pre-assembled, 

gamma-irradiated, ready-to-use, tank-

to-needle concept)

 Merck Serono uses Millipore SUS for 

the production of the 

Biopharmaceutical molecules
1)Paul Thomas ,On Shire, Pharmaceutical Manufacturing, Single-Use and Simplicity, Feb, 2012 

2)Bioprocessing and Sterile Manufacturing, Advanstar Pharmaceutical, 2014

3) PharmTech, “Catalent Moves Forward With New Single-Use Biopharmaceutical Manufacturing Facility”, August 28, 2013



The Next logical step after single use system 

implementation is: Continuous Bioprocessing

 Over the past 5 years, there has been significant progress made by the 

Biopharma/Biotech industries, academia and suppliers in applying Continuous 

bioprocessing to production of Biologics.    

 The drivers for the Biopharma/Biotech industry to adopt such new technologies are the 

same as for other industries: 

 Increased productivity

 Increased flexibility

 Reduced cost/Time for each batch

 Enhanced process control

 Enhanced product quality

Taken from Bioprocess International



Continuous Batch production (perfusion or continuous batch process)

Continuous Purification process (Multicolumn chromatography)

A continuous formulation process, whereby the components 

of the batch are fed continuously until the desired batch size is 

achieved.



The Future of Industrial Bioprocessing: Batch or Continuous?

Decrease of batch process 

time

=

Increase of batch quantities



SUS

SUS
Single use tubing

Single use tubing

Any type of mixer

PAT: process analytical technology 

device (i.e. online UV-Vis spectrometer)

Back mixer: (mixing element) 

attenuates concentration 

fluctuations as the result of pump 

pulsations

ADVANCES AND CHALLENGES IN BIOLOGICS MANUFACTURING: INNOVATION IN

CONTINUOUS FORMULATION, BY DAWN DOWNEY, 2017 AAPS

SUS



Three key technical hurdles: concentration control, 

concentration confirmation and mixing.

Solved

A system for designing, analyzing, and controlling manufacturing through timely measurements (i.e., during 

processing) of critical quality and performance attributes of raw and in process materials and processes with 

the goal of ensuring final product quality.

PAT: 

Back Mixer 



Advantages of this approach include not only the scalability aspect, but 

also materials cost, flexibility, and ease of operation

The entire platform fits in a very small area and does not require a room 

with large mixing equipment. 

API and buffer can be brought in through disposable, sterile, single-use 

equipment. 

The low residence time in a continuous process enables the production of 

both stable (e.g., MAb) and unstable proteins.

Benefits



A continuous process designed around an intensified and simplified bioprocess requires 

smaller equipment that can be scaled based on time and parallelization rather than 

volumetric expansion. 

Flexibility can be further enhanced with single-use technology. 

Standardization and portability of continuous processing would enable decentralization 

of manufacturing to address regional regulations.

more automation coupled with less human interaction; an increased use of single-use 

equipment; and reduced inventory and storage needs.

Veena Warikoo, PhD,  Cost analysis and Continuous Bioprocessing over a Products Lifecycle, Genzyme a Sanofi Company



Regulatory roadmap

The impressive successes of continuous flow processing in the 

pharmaceutical industry have attracted the attention of the regulatory 

authorities

Another impetus for increasing adoption of continuous manufacturing strategies has

come from FDA. FDA has encouraged the adoption of continuous manufacturing

since 2004, 1,2

Congress also supports this innovation; the 21st Century Cures Act, proposed in 2015,

would require FDA to support the development and implementation of continuous

manufacturing for drugs and biologicals as one of several approaches to speeding up

drug development and commercialization.

1. Rockoff J.D., “Drug Making Breaks Away From Its Old Ways,” The Wall Street Journal, February 8, 2015, www.wsj.com/articles/drug-making-breaks-away-fromits-old-ways-1423444049,

accessed June 2, 2015.

2. Wechsler J., “Congress Encourages Modern Drug Manufacturing.” Pharmaceutical Technology website, May 1, 2015, www.pharmtech.com/congressencourages-modern-drug-manufacturing,

accessed June 2, 2015.

3. Energy & Commerce Committee, United States House of Representatives, “Full Committee Vote on the 21st Century Cures Act,” May 19, 2015, http:// energycommerce.house.gov/markup/full-

committee-vote-21st-century-cures-act, accessed June 2, 2015.



is an advocate of the fact that continuous manufacturing reduces manual handling of products and allows 

for better process control. 

 An agency representative said at an International Forum and Exhibition on Process Analytical Chemistry 

Annual Meeting in 2012 that the on-line monitoring characteristic of continuous processing can facilitate 

real-time testing approaches and can support FDA’s quality-by-design (QbD) initiatives.

 Biotechnology products, when run continuously, can be sampled regularly, and any process 

contamination can be resolved more easily without having to discard entire batches.

S. Chatterjee, “FDA Perspective on Continuous Manufacturing,” presentation at the IFPAC Annual 

Meeting (Baltimore, MD, 2012).

FDA



cGMP considerations for Continuous Bioprocessing:

 Pharmaceutical quality system

 Validated facilities and software

 Determining a state of control

 Dealing with deviations in real time

 Managing segregation of “potentially nonconforming” materials 

(ICH Q7)

 Both FDA and the European Medicines Agency (EMA) have changed their guidelines to reflect a 

change in the definition of a batch. 

 Batch is now defined by the quantity of material rather than the mode of manufacturing

21 CFR Title 21, Part 210.3 (Government Printing Office, Washington, DC).



Drivers of Continuous Manufacturing (Bioprocessing):

 Improved cost of goods (cost reduction of 60% or more per gram of protein, according to sources)

 Higher supply chain flexibility

 Better process understanding with PAT

 Potentially more consistent product quality and fewer rejected batches

 Lower inventory 

 No need to scale-up

 Steady state product quality

From a development and technology transfer 
 Faster and cheaper development/Fast design 

 Faster development = faster to the market



Jon Hancock

Good science can make quality
Good technology can make quality
Good development can make quality
Quality can be built into the process
Paper does not make quality
Signatures do not make quality
Verification does not make quality

Quality assurance does not make 
quality, it assures the quality that is 
already there.
Quality must be a partner in process 
development and technology 
develoment
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Cost of QC or QA does not 

scale with size, and does not 

automatically decrease with 

continuous processing
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But !!! 

Jon Coffman,  Discussion on best timing and scale for continuous bioprocessing, Boehringer Ingelheim, 2012



Examples of Biopharma/Biotech companies implementing 

Continuous Bioprocess

 Amgen’s $200 million facility in Singapore is a recent example of a facility built to incorporate 

continuous processing. The company’s continuous “Next-Generation Biomanufacturing Facility” uses 

single-use bioreactors, disposable plastic containers, real-time quality analysis, and also boasts modular 

design.

 The facility is slated to start the production of biologic therapies in 2017.

 In 2014, Genzyme filed a patent, called “Integrated Continuous Manufacturing of Therapeutic Protein 

Drug Substances,” for a platform that will integrate upstream and downstream processes .

 MoBiDiK by Bayer Technology Services (ModularBiologicsDisposableKonti )

 Publications reporting development of a fully integrated end-to-end commercial continuous process for 

the manufacturing of recombinant monoclonal antibodies.

Amgen, “Amgen Outlines Strategy, Growth Objectives And Capital Allocation Plans,” Press Release, Oct. 28, 2014.

R. Patil, “Integrated Fully Continuous Production of Recombinant Therapeutic Proteins,” presentation at the Biomanufacturing and 

Process Development’s Continuous Bioprocess Symposium (Durham, NC, 2014).



Simplified process flow diagram for an 

integrated and scalable cyto-technology 

biomanufacturing platform

1-Lu AE, Paulson JA, Hong MS, Mozdzierz NJ, Stockdale A, Ford Versypt AN, Love KR, Love JC, Braatz RD. Control systems technology in the 

advanced manufacturing of biologic drugs. In: Proceedings of the IEEE Conference on Control Applications.; 2015:1505-1515.

2-Love JC. Towards Making Biologic Drugs on Demand. 4th International Conference on Accelerating Biopharmaceutical Development; 2015.

3-BioPlan Associates, “Continuous Bioprocessing and Perfusion: Increased Adoption Expected,” in 11th Annual Report and Survey of

Biopharmaceutical Manufacturing, E. Langer, Ed. (April 2014), pp. 103-116.

Two of the biologic drugs that have been manufactured using the 

following platform: human growth hormone and interferon α2b 

 leaders such as Genzyme, Bayer, Janssen, Merck-Serono, Novartis, and 

Lonza for Eli Lilly have manufactured approximately 19 marketed 

recombinant protein products/monoclonal antibody (mAb) products 

using perfusion or elements of continuous processing, and these 

products are predominantly blockbusters with annual revenues 

totaling approximately $20 billion.



Recommendations

Continuous processing offers exciting new opportunities for improving the 

manufacture of biological products. 

 The joint efforts of industry, academia, regulatory authorities and equipment 

vendors are needed. 



Thank you 

Knowledge in 

Bioprocessing is 

Data

“ The only Source of 

Knowledge is 

Experience”


